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SOCIETY A FFAI 


Meetings 
Privileges of Engineering Societies Extended to Members.. 
_ Searches in the Library 
a Of the rd of Direction . , 
a 4 Of the Secretary 


Of the Treasurer: 
Accessions to the Library: 


Donations. 
By Purchase. 


Membership (Additions, Resignations, Deaths)... : 


December 16th, 1908.—The meeting was called to order at 


Charles Macdonald in the chair; Hunt, 


. Soc. 
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paper by Wilham L. Sibert, M. Am C. E., entitled “he 
Improvement of the Ohio River,” was presented by the Secretary, who 
also read a communication on the subject from Ripley, % 
ff a The paper was discussed orally by Messrs. G. W. Kittredge, R. = | aay 


INUTES OF MEETINGS 
_ The Secretary announced the following deaths: 
Epmunp Louis DuBarry ry, elected Associate, Ja , 187 


a Monroz Fry, elected Junior, J une 6th 
= April 3d, 1907; died November 10th, 1908. 


Epwarp ‘Prince, elected Junior, February 6th, 1878; 
‘November ist, 1882; died December 12th, 1908. 


Pe M.; ; President ‘Charles 1 Macdonald in the chair; Chas. ‘Warren Feed 


“Secretary; and present, also, 169 members, and 36 guests. 


A paper by George B. Francis, M. Am . Soe. C. E., entitled “Electric 
Railways: in the Ohio Valley Between Steubenville, Ohio, and Van- 
port, Pennsylvania,” was presented by the. author, and illustrated with 
Be The paper was discussed by Messrs. F. Lavis, W. J. . Boucher, George 


Secretary announced the election of the following candidates 


Hiram La Paz, Bolivia. 


Azet Pierce, Urbana, Ohio. 
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by the Board of J he sth, 1909: 
From Associate MEMBER TO. MEMBER. 
_ Herman Kart Enpemann, Long Island City, N. x. 


Auprep THomas ‘Brown, ' White Plains, 
? 


announced the election of ‘the candidate 


the following resignations as of December 
‘Epvarp 


4 Juniors: ‘Wiis Roserr J orDAN, Henry SNYDER. 
Secretar announce the following deaths: 


| GREEN, elected Junior, May 5th, 1896; ‘Associate 
, October Sth, 1898; Member, September 1904; 4; died 


Jonn Eqpert McCurpy elected 
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“MINUTES OF MEETINGS 


President Macdonald in the chair; Chas 


Warren Heit and present, also, Messrs. Andrew ws, 
Hazen, Schneider, Smith, ‘Stearns, Smensson,, 


was that the next Annual Convention of the ‘Society 


A report ae ‘the Board covering the year ending ; December Bist, 


1908, for presentation to the Annual Meeting, was ado} pted. 


- Ballots for Membership | were canvassed, resulting in the ation. 
2 11 Associate Members and 3 J uniors, and the transfer of 2 J cal 


the grade of Associate Member. 
The Secretary reported the entry of Transactions as 
1 matter, beginning with Vol. LXI, for December, 1908. 
Charles Macdonald was appointed to represent the Society on the 
Medal Board for four years. 


Action was 3 taken on members in arrears for dues. 


and 2 ‘Juniors were received accepted, taking ‘effect as 


+ See page 3. 
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“ANNOUNCEMENTS 
‘The House of 1 the Society is open from 9 A. M. to 10 P. M., 
every day, except Bae Fourth of July, Thanksgiving Day, and 


Wednesday, February 1909.8. 30 P.M paper by Robert 
‘Spurr W eston, Assoc. M. Am. Soc. C. E., entitled “The Purification © 
of Ground-Waters Containing Tron and Manganese,” will be presented — 
This paper is printed in Proceedings for uaa 1908. 
Wednesday, ‘February 17th, 1909 —8. -30 P. M.—At this wheeting 
pues by m2. Bolton, M. Am. Soe. C. E, entitled “The Operation of 
Passenger | E Elevators,” 5 will be presented f for ‘discussion. = 
This paper is printed in Proceedings for December, 1908. 
March 3d » 1909.— 8.30 P. M papers will be 
presented for as follows: “The of Frost on Cement 
Cement Mortar, “Together with Other _ Experiments on These 


Materials, by Mesars. Emest R. Matthews and Ji ames and 


umber of P 
ANNUAL CONVENTION 


irst Annual Convention of the Society 1 will be held at 


“the Mount Hotel, Bretton V foods; from July 6th 


_ PAPER: AND DISCUSSIONS 
Board ‘ef Direction decided issue Transactions in 
future as a “quarterly publication. There will therefore. 
each ear instead of two as heretofore. 
‘There. seems to be some misunderstanding 
several members having protested on the ground 
volumes are not too large, and that making them smaller would make a 
a reference to them more difficult, as well as increase the cost of binding. © 
seems, therefore, 1 necessary to explain the decision of the 
Board is based on the fact that the amount of valuable material eet . 
the Society for publication has 80 increased of late that a large part 


of it would have to be refused if only two. volumes per annum 


of “the to its Members and the Engineering 
‘sion is to increase the volume of its Publications, 
The decision v arrived at only after most cearéful consideration 
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discussion of the papers presented ‘will revise their q 


and all written communications from those who cannot attend 


“meetings will. be sent in ‘at the earliest possible date after 
the issue of the paper in Proceedings. The issue of volumes: of 
oF. Fee: is dependent on the closing of discussions, and the co 
operation of the membership will now be more necessary in this 
matter than heretofore, because four volumes are to be issued during 
year instead of ‘two, and, to accomplish this, a definite date on 
issue 1 for each must be established. It is “expected that the first 
volume for 1909 will be issued on or about March 31st, the ‘second on 
os June 30th, and the third and fourth on September 30th and seiescecuaall 


(All ‘papers Publication Committee are classified 
the Committee with respect to their av vailability for diser ussion at 


= 4 _ Papers, which, from their general nature, | appear to be of a charac- ; 

suitable for “oral” discussion will published | heretofore 

Proceedings, and set down for presentation to a future meeting of the © id 

‘Society, and, on these, oral discussion, as well as" written communica- ica- 


i papers which do not come under this heading, that is ‘. say, 
those which, from mathematical or technical in the 

a ie opinion of the ‘Committee, ar are not adapted to oral discussion, will not 

Be. be scheduled for presentation to. any meeting. Such papers will be 

published in Proceedings in the same manner ‘as those which are 


.. presented at meetings, but written discussions, only, will Peres 


AMERICAN SOCIETY OF CIVIL ENGINE 


: — Members of the American Society of Civil Engineers will be wel- 
comed by the following Engineering use of 


temple, 


, Brooklyn, N. 


| 
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— | 
— 
— 
Gg 
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Australasian Institute of 
Boston Society of Civil 


Civil Society of fSt. Paul, ‘St. Paul, Minn. 
Cleveland Institute of Engineers, Middlesbrough, England. 
En Engineers’ and Architects’ Club Jub of L Louisville, Ky. 303 
, Fourth and Jefferson Streets, fs 


| 


‘Soclety 0 803 Fulton Building, 


Institution of E oy 


nst Naval Architects, Adelphi “Terrace, anton, 


nior Institution 39 Victoria 
Instituut van an Ingenieurs, The Hague, The 
Louisiana Engineering Society, 604 Tulane- New reomb 


4 


Memphis Engineering Society, Memphis, 


Midland Institute of Mining, Civil and Mechanical 


North of England Institute of Mining ‘and Mechanical Engineers, 


Pacific Northwest Society of Engineers, 617-618 Pioneer Puig, A, 


Rochester Engineering Society, Rochester, 


4 Sachsischer_ und ‘Dresden, 


Canadian Society of Civil Enginee 
iia 
of 
of 
— 
Walnut Streets, Harrisburg, Pa. 
ngineers’ Club of St. Louis, 2 Street, Philadelphia, 
in 
he = | 
he 
ot 
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Societe ‘Civils de France, Rue Blanche, Paris, 


Engineers, 17 Victoria Street, Westminster, S. W. 


Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, 


Western n Society of Engineers, 1737 Monadnock Chicago, 1 TH. 


SEARCHES IN 1 THE LIBRARY | 


Society for the extra required. Since that time many y searches. 
been made, and bibliographies and other information on special 
he ‘resulting satisfaction, to the members w who use of 
resources of the Society in this manner, has been expressed fre- 
me ie quently, and leaves | little doubt tl that, , if it were generally known to the 
that such: work would t be undertaken, would avail 


: In ‘asking that be undertaken, members should 
fu a the subject ‘to be covered, ar and whether references to ‘general 
books only ¢ are desired, or whether a complete bibliography, involving 
through periodical literature, i is desired. 
reference to. this work the Appendix* to ‘the Annual Report of 
je e Board of Direction for the year ending December 31st, 1906, con- — 


= a summary of all searches made to that date. ia ee 
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cost is trifling compared with the value of the time of an en- 
 gineer who looks up such matters himself, and the work can be per- 
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DECEMBER 31st, 1908. 
~ In ‘compliance with the Constitution, the Board of Direction pre- 
= its report for the year ending» December 31st, 1908. Bat 
MEMBERSHIP. 

3 The changes in membership are shown in the following table 


JAN. 1st, 1908. ‘Sank ist, 1909. 


fA 


A" 


Death. 


Transfer. 


Transfer. 
‘Dropped. 


Non-Resident. 
Resident 
__ Resignation. 


Honorary 

4 Corresponding Members. 

_ Members. 


hte 


 ‘Blection. 


Roos: : 


see: : 


mal 


085 8 8326/4 411!|1 153}: 143 


* 76 Associate Members, 1 Associate, | and 2 nr: Mi ppt 
+2 Associates and 62 Juniors, 


‘The net increase during the year, 413, as as that 
of . pes. doubtless due to > the prevailing financial conditions, i is much il 


stitution which went effect in November, and to the rules 


of the Board of Direction, which deferred the election of the candidates — 
on one preliminary list until 1 after December Bist. 


inerease for the past five | years has been 380. 


losses death during the 


Elbridge Harlow Beckler, Walter Gilman Beverly 

Chase, James Dun, John Edwin Earley, Nathaniel Marsh awards, 
pe George Edwin Evans, Irving Tupper Farnham , Rutger Bleecker Green, 
Bradford | “Harper, Charles, Hermany, Wilhelm Hildenbrand, 

Henry Randolph Holbrook, John Egbert McCurdy, | Martin William 


Mansfield Men al, Thomas C. 


& 


— | 
- 
$21 726)2 218 845/2 870 |. 5/85|| *79| 
Associate Members.........| 885 1 0561 441)) 218|1 619 6|| +64) 206 20 
he 62 94) 156); 68) 93) 161 15 15 
| 
ify 
ral 
n 
ot 
of 
4 > number applications recelvea during the’ year was 728: 536. 
4 


chell,  Othniel Foster ‘Nichols, E Herbert Franklin ‘Northrop, William 

W. Rafter , Louis _Younglove Schermerhorn, Mark William 

Schofield, George Edward ‘Sleeper, Edward Clinton Terry, George 

Edward Thomas, Richard Fenwick Thorp, Charles Harold ‘Tutton, 
Clarence George Vaughn, Frederick Conover Warman. 

Associate Members (6): : Charles Tarbell Dudley, Leslie Monroe 

iates _Edmund Louis Roberts, 
Juniors . 


Fellows 


Botal Increase 
Contents. during rease 


209 


Of these accessions, 2074 were r to 
te special requests; 86 were donations from publishers; 2672 were dona- 


q 


_ tions received i in regular course, _and 148 were purchased. 
e value of accessions to. the ‘Library during the y year is as fol- 


lows, each accession having been valued separately as received: Ae 2 


$3382.73 


Sos Mloing amounts have been expended upon the Library dur- 


Pu archas of express charge 


‘sundries. 
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The total contents of the Library, and the increase during the year 
shown in the following statemer 
sion 
— 
— 
— 
— 
— 
— 
— 
— $416 
— 


total attendance i in the Room ona Library during the 
“ year was 4285; a considerable increase over previous years. _ ee 

During the year 74 new bibliographies (containing 2 253 ‘separate 
references) have been copies” of 30 searches made in previous 
The. have been furnished, of these having been brought up to date it*s 


= November, 1897, the | Soci 


- tions, maps, ete., in the Library was about 27 000. . In the report of the Nea a 

Board of Direction for that year, ¢ attention was called to the 

q eondition of the Library, and the hope was expressed that the new 
conditions would result in large and valuable additions. — 
= was also_ called to the amount of shelf room provided i in the New 
House, of which it was estimated the contents of the Library v would 


then occupy. about one- third. As | stated above, the number of : acces- 


sions has increased until at the present time it: is 63613, and the 
vacant: shelf room referred to eleven y years ago will soon be insufficient — 
= to take care of the normal growth. In consequence of this, an addi- 
tional tier of stacks, space for which was wisely provided at that time, 
gg has’ been ordered, and will be installed early in 1909. This will double ¥ 
the present -eapacity, and will probably be sufficient to take care of 
; | a accessions of the next ten or fifteen years. Owing to the enlarge- 


ment of the House in 1905, there is also available for | future use addi- 


tional space, which will admit of further extension of the shelving 


During the year ten numbers of Proceedings have been. issued i 
and two volumes of Transactions have appeared. 
Proceedings, the list of references to current engineering litera- 


Tn addition to the regular publications, the second volume of ar 
‘Index to Transactions, ¢ covering Volumes XLVI to LIX (20 volumes, — 
including the six extra Engineering volumes), was compiled 
‘ es the year and issued to the membership without extra charge. _ eam 
During the year, 8356 Volumes Transactions, and 2 
4 - the “Index to Transactions, have been bound for members and — 


others in the half-morocco and cloth bindings. 
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stock of the various publications of the Society kept on hand 
4 
on 


(Volumes)......... 2 5075 1209 131 233 

Proceedings (Monthly, Numbers) 295 1988 145 

Constitution and List of Members ee, 5 500 


Paper, Printing, Binding, | ete,, Transactions and 


For Boxes, Mailing L Lists, and Sundry Expenses. 795.35 
r 8 000 1 of | Memoirs and Papers. 1 048.68 


462.69 


ei comparison of these figures with those given in n the last 1 report 

- Board shows that in Transactions and Proceedings 315 more 

--:pages were issued in 1908 than in 1907. _ This indicates: very clearly 

<a the amount of material ‘offered the Society for publication has 

‘inereased very much ¢ of late, and ‘your Board has decided to enlarge 

the publications. ss In order to do this, it will be necessary to issue more 
ten two volumes per annum, because a volume of more than 600 pages 

is unwieldy, unsightly and inexpedient. The Transactions, _there- 

fore, will be issued hereafter as a ‘quarterly, which form of publication 

a the Society to effect a considerable saving in the matter of 

re postage. _ It is the belief of your Board that the most effective manner 

7 Cua to increase the usefulness of the Society to its members is” by the 

enlargement of its techr ical publications, and that, while the addi- 


S tional ‘expense w will be great, the financial “condition of + the Society 


by furnishing and discussing those written by 


Gur 


During the year, 25 ‘meetings have been held 
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NUAL REPORTS 


, of 

were illustrated with slides, which there were 4_ 
topical discussions | and 3 lectures, 2 of which were illustrated. - There 
_ were also 7 papers | published i in Proceedings which were not presented — 
_ The number members and others 


Fortieth Annual Convention | held at an 
‘the meetings, ‘excursions 1 entertainments were well attended, 


The total attendance at the twenty- -five meetings held was about 


at Annual 438 “(includes members only), but there 
| many members and guests present at each of these “meetings who - 

ia MEDALS AND PRIZES 


Fas. 


tn ending with the month 1907, prizes were 


Thomas Fitch Rowland Prize to James D. 2 
Soe. C. , for his entitled, in Fill 


The attention of members is invited to the 


of receipts and disbursements, and to the general balance sheet which 
it, the very satisfactory financial condition = 


ret tary an Treasurer are ogee 
a. By order of the Board of Direction, ee 
y York, 


4 


= 
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EPORT - THE SECRETARY FOR THE 
‘THE Boarp or Direction OF THE 
have the honor to present a statement of 
31st, a general balance sheet showing the 


Balance on hand, December. 31st, 1907, in Bank, Trust, 


Company, and in hands of 749.28 


my 


Advance Dues..... 
of Membership. 


“Annual Meeting 
Binding 


Convention 


7 
al 
Salk 
Cle 
in 
— 


ENDING | DECEMBER 31st, 1908 


= Officers. 


Clerical Help. . 


4 Caretaking 


Ee 


Fursites: 


q ‘Members’ Accounts. 


av 


General: Printing 


eee eee 


‘Interest and Insurance. 


Bond and on Principal). 


$18 470. 69 


Petty Expenses. . es 


eee ses 


Balance on hand, 31st, 1908. 
Union Trust Company. 
n Garfield ] National Bank..... 5 


th hands of Treasurer. : 


9946.60 


313. 


$24.18 
83 
17708 : 
1194, 
1309.80 
1792.60 
6 857.26 
2900.92 


60 


48.80 
957.53 
154.43 

10 000. 00.00 


1500.00 
082. 60 


28 | 
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— 
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GENERAL [BALANCE SHEET, DECEMBER sist, 19 
AccoMPANYING THE Report oF THE SECRETARY. 


Lote Centimated value). 000.00 Dues for 1909 paid $ 23 407.40 
Bie Building (cost). 166 240.73 || Mortgage Debt and Loan..... 000. 00 ij 
re 18165.82 | Funds invested in Society __ 


Furniture (cost)... ‘ 
Publications on cost -_House, Lots and $ 26 730.78 


value) 19 745.14 Surplus .... 


44 
Donations, estimated value 53 687. 


Due from Members....... $3 609. 


Due from Non-Members. ... 31 


Engineers, 


- December 31, 1908, and certify that the oe Balance Sheet is in accordance — and, i 


a 


TaNvaRY 14, 1909. 
fie 
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S AONVIVE IVAN: 


UAANAOAC 


‘8 


honor to present the report for the ending December “We 


Balance on 31st, 1907...... $20 749.28 


Receipts from current sources, January Ist to December 
"Payment Audited ‘Vouchers for Current 


J anuary Ast to 


1908 A 


Balance on hand December 31st, 1908: son Es 


In Union Trust Company. $18 470.69 


Garfield National Bank... 111.91 
In hands of the Treasurer. 


— 33 082. 60 


— 

NEW ORK, JANUAR asurer, Am. Soc. C 


ACCESSIONS TO THE LIBRARY 


December r 9th, 1908, to 12th, 1909) 


Préface de d@’Arsonval. Paper, 10 x 6 
., illus., 399 pp. Paris, H. Dunod et E. Pinat, 1909. 15 francs. _ 


bag author, it is stated, after an investigation of the subject, has become con- 
vinced of the necessity of a work on the liquefaction and separation of air into its 
elements such as is presented in this volume. The Contents are: Part I, La Liqué- 


servation et Propriétés de Séparation de l’Air en Ses 


faction des Gaz; Part II, La Pant de l’Air; Part III, Con- 


- 


an Account of Various Types _ of Methods, 
- Plans and Cost of Their Construction. _ By James Dix Schuyler, M. 
Am. Soc. E. Second Edition, Revised and Enlarged. Cloth, 

in., illus., 26 + 573 pp. New York, John Wiley & Sons; 
London, Chapman & Hall, 1908. $6. 


‘The first edition of this book was issued in 1901; since then, it is stated, there 
has been such an increase in the number of dams and reservoirs constructed and 
a such a demand for information regarding their dimensions, character, plans, ma- 


__ terials, methods of construction, and cost, that the author feels justified in bringing 
out this, the second editicn. It is stated that much new material has been added 
to the subject-matter, and that some which has become obsolete has been omitted. 
‘The chapter on Hydraulic-Fill Dams has been greatly enlarged by descriptions of 
late: constructions of this type. Chapter III, on Masonry Dams, has also been 
enlarged, mention being made of the most notable dams in the world of this type, 
= well as of many of the smaller ones. Plates 1, 2 and 3, show profiles of all the 
_ « better known masonry dams in the world, drawn to uniform scale for easy graphical — 


i 7 _ comparison. -_ Chapters have also been added to the sections on reinforced concrete 


a secondary title, the book also contains miscellaneous data on the available water 
oe supply for irrigation in various sections of Arid America; distribution, application, 
and use of water; rainfall and run-off from various water- sheds ; evaporation from 
= reservoirs ; effect of silt on the useful life of reservoirs; average cost of reservoirs — 
per unit ‘of capacity, etc. Contents are: Rock- Fill Dams; Hydraulic- Fill 
re Dams; Masonry Dams; Earthen Dams; Steel Dams; Reinforced ‘Concrete Dams; 
Natural - Reservoirs ; Miscellaneous. There is an Appendix containing tabulated 
data of the cost of reservoir construction per acre-foot in the United States and —| 
in foreign countries on various types of dams, al also tables of area = —_ of F 
twelve Western at varying levels. 


and structural steel dams, giving the latest practice in these types. According z 3 


= 


AY Handbook Students, nd Draughtsmen. By 
Egbert | “Morrison. Cloth, x 6 in., 84 pp. Sharon, Pa., ER 


In his book the author ae divided springs into two classes, namely, 7 and 


i called wire and bar in the case of helical springs and sheet and plate in 
the case of elliptical springs. The basis of calculation in helical springs is said to 


. a have been taken as the ratio between the diameter of the bar and the mean diameter 


of the springs; in elliptical springs, it is the ratio between the thicknéss of the 
plate and the span or net length of the spring. The author states that in the 
tables he has arranged the properties of light springs under graduated values of 
Sats. Ri ‘the fundamental ratio, and those of heavy springs under each size bar or plate. 
ay" ee The working base, in the case of helical springs, is stated to be 1 in. of solid 
ee. = that for elliptical springs being taken as one plate 1 in. wide. All calcula- 
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ACCESSIONS TO THE LIBRARY 


tions are said to be based on fiber strain of 80000. per sq. in. ‘modulus: 
of elasticity for helical springs is taken at 12600000, and for elliptical springs © 
t 25 400000. The loads are given in pounds, and all dimensions are in inches. — 
The Contents are: Part I, Formulas; Part scan Mathematical hesneeas Supplementary 
to Formulas; Part III, Spring Tables. 


= VENTILATION OF PUBLIC SEWERS. 


By John S. Brodie. Cloth, 9 x 6 in, 170 
St. Bride’s Press, Limited, 1908. $2. ee 


The author states that he has considered the methods of sewer ventilation under 
7 three heads, namely, ventilation by natural air currents; ventilation by artificially 
- produced air currents; and deodorization of foul sewer air or gas before it is dis- 
charged into the open air. _ Under each head he describes the methods used in 
various cities and towns in England, the laws governing their use, and gives 
abstracts | of reports and papers by engineers and engineering societies on the 
_ subject. Chapter VI is devoted to a discussion of comparative costs of modern 
sewer systems. The Chapter headings are: Introductory; Is the Ventilation of 
Sewers Necessary?; Ventilation by Natural Air Currents; Sewer Ventilation by 
“artificially- Produced Air Currents; Deodorisation of “Sewer Air or Sewer Gas; 
Comparative Costs of the Various Systems now in Use; Summary and Conclusions. 
‘There is an Appendix which contains abstracts = reports, papers, ete., on sewer 


i ind wil 

‘WEN IR CKS’ COMMERCIAL. OF THE UNITED overs 


For Buyers and_ Especial Devoted to the Interests of 
the Architectural, Mechanical, eering, Contracting, “lectrical, 
Railroad, Troi Steel, Hardware, “Min ng, Mill, Quarrying, Exporting 
and Kindred Industries. Seventeenth Annual ‘Edition. Cloth, 10 x 8 


in., illus., 82 + 1240 pp. New York, Samuel E Hendricks Co., 1908. x 
This is an annual index of the above-mentioned industries, and is said to con-— 
i tales more than 350000 names and addresses of manufacturers and firms and up- 
wards of 30 000 business classifications. Full lists of manufacturers of, and dealers 
in, everything used in the manufacture of materials, machinery, and spperetes 
for these industries are given. The contents are classified by subject, under which 
are given, in alphabetical order, and in some cases by States, the names — = 


: qa addresses of firms dealing in that There is an index of eighty-_ 
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"special requirements to be considered under each case relating to the water to be 
used for such purpose, and that the engineer, in deciding upon recommendations, 
is often required to estimate the value of such water. In this short course on 


= | industrial water anilysis only these special methods are considered, it is stated. the 


ordinary analytical processes being omitted entirely. Part. I of the book consists — 

of five laboratory exercises. In Part II, the ‘Contents are: Standard Solutions; 
“Computation of Hypothetical Combinations; Percentage Composition of Salinity in 
_ Various Waters; Tables; Convenient Data ; Some U This last ig PD 
contains a short bibliography of the subjec 


THE MODERN ASPHALT PAVEMENT 
By Clifford Richardson, MM. Soe. E. Edition, 


Reval and Enlarged. Cloth, 9 x 6 in,, illus., 9 + 629 pp. New 
ohn ay ‘London, & Hall, Limited 1908. 
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ACCESSIONS TO THE LIBRARY 


- plete revision of ‘the _— -matter in order to bring it up to date. - The book 
includes, it is stated, descriptions of the forms of construction which have been 
found by engineers to be the most satisfactory; the character of the materials 
entering into the composition of asphalt pavements; the best methods of construc- 
tion used at the present time, together with the reasons which led to their adop- , 
tion; the proper methods of maintenance and the causes of their deterioration; and [ 
specifications for asphalt pavements to meet various uses. At the end of = 


chapter a brief résumé of the contents of that chapter is given. The Contents are 

: Part I, The Foundation and Intermediate Course; Part II, The Materials Constitut- 
_ ing the Asphalt Surface Mixture; Part III, Native Bitumens in Use in the Paving 
¥, Industry; Part IV, Technoiogy of the Paving Industry; Part V, Handling of 
Binder and Surface Mixture on the Street; Part VI, The Physical Properties of 

: = Surfaces; Part VII, Specifications ‘tor and Merits of Asphalt Pavements 
Bert Wirt, Causes of the Defects in and the Deterioration of Asphalt Surfaces 


‘Part: Ix, Control of ‘Work. 


With Descriptions of Minerals, ‘Rock Rocks. 
By J. P. Wallace. Cloth, 94 x 64 in., illus., 15 + 349 pp. New York | jours 
and London, Hill Publishing Company, 1908. $3.00. solve 
book, it is stated, is a condensation of experiences: covering and 
- period of thirty years, the borrowed experience of practical mining men, and of _ ae 
facts and theories from all the available mining literature. It is said to be written E pth 
the miner, the prospector, and the mining public. A brief description of the ; prsnih 
most important minerals, ores, and rocks is given. The structural features of 
ore deposits and the walls enclosing them, together with the form, origin, and 
_- of occurrence of deposits, it is stated, have been given special easivey 


co 
varic 
Descriptions of prominent mines of various types and forms, especially extensively ‘ = 
developed properties with a history, are also given, together with a brief mention [9 Note 
of the geology of each region. At the back of the book there is a list of the ee 
papers and publications which have been consulted. The Contents are: Part a j Be 
_ The Ore Minerals; Part II, the Rock Forming Minerals, Rocks and Rock Dis 

placements; Part IIL. General Characters and Classes of Ore 


oe Some Types ef Ore Deposits ; Part V, Mine Valuation and Prospecting. oe 


A Practical and Theoretical Treatise for Engineers and Designers, 
Including a Discussion of the Gas Turbine. By James Ambrose 
Moyer. Cloth, 9 x 6 in., illus., 7 + 370 pp. New Y ork, John Wiley a 
Sons; London, Chapman. & Hall, Limited, 1908. 00. 


It has been the intention of to make a manual for the 
_ practical engineer for use in the design, operation, or manufacture of steam tur- 7 

- bines, and to explain in a general way the more important problems necessary to 
the qualified steam engineer. He takes up first the more simple problems of 

; nozzle design, which he foliows with a discussion of blade design and the steam 
turbine generally. At the back of the book there is an entropy-total heat chart 
which is laid out with lines of constant superheat instead of lines of constant tem- 
perature, which are generally used for charts of this kind. The Contents are: 

_ Introduction, The Elementary Theory of Heat; Nozzle Design; Steam Turbine 
Types and Blade Design; Mechanical Losses in Turbines; Method for Correcting | 
ia Turbine Tests; Commercial Types of Turbines; Governing Steam Turbines; 
Low- -Pressure Turbines ; Marine Turbines; Tests of Turbines; Steam 
Stresses in Rings, , Drums, and Disks ; Gas ae Electric 


‘ae By Reginald Pelham Bolton, M. Am. Soc. C.F. Cloth, 11x 8 ‘in, 
illus., 69 pp. New York, Reginald Pelham Bolton, 527 Fifth Avenue, 


ie > ee a secondary title, it is stated that the book contains descriptions of operat- 
Sh ing conditions and proportions, with diagrams, formulas, and tables for passenger 
travel, schedule and express operation, with the relation of the elevators to the 
building, and proportions and loads of cars. The Contents are: The Problem of 
Vertical Travsportation ; Operating Conditions ; and Rating 
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en the Work of the Elevator; Computing the Average Work; Express Service; The 
ils Shape and Size of the Car; Load and Speed Combinations; The Building and Its 7 (a eae 
Proportionate Service; Examples of the Use of Figure XI; Definitions of Some £ - 
p- Terms Used in Connection with Elevators. = 

4 STATICS BY ALGEBRAIC AND GRAPHIC METHODS. 
Intended Primarily for Students of Engineering and Architecture. 
of || By Lewis Jerome Johnson, M. Am. Soc. C. E. Second 
Revised and Enlarged. Cloth, 9 x 6 illus., 11 + 169 pp. New 

as; ork, John Wiley & Sons; London, Chapman Hall, Limited, — 
= : | a Several specific purposes have been attempted in this book, it is stated, to help eae 
students of engineering and architecture to acquire a knowledge of statics which 
will include the power to apply that knowledge correctly in practice. These pur- 
ks. pen include: Attention to the starting points of science and clearness as to the © _ Ee ae 
rk course of deduction therefrom; the pointing out of the inherent mathematical 

limitations of pure statics and showing how all its important problems may be 
solved; the development of algebraic and graphic methcds of solution side by side 
a and with equal thoroughness; the presentation of a graded set of problems illus- 
» trating not only universal principles, but also how statics is used in engineering 
practice, etc. The most important additions to the subject-matter, in this edition, 
= _ will be found, it is stated, mostly in the appendices, and consist of a detailed ‘and lJ _ a a 
ee > time-tested scheme for assigning individual data for the exercises in the text and ae ed 
a collection of practice problems with answers, which have been collected from 
various sources. There are also a short syllabus and seven new double-paged 
rely 4 > plates which give solutions of certain of the exercises. The Contents are: Part I, a a 
Mon General Principles and Methods: Introduction; Definitions and Preliminaries ; 4 
Notation and Conventions; Parallelogram of Forces and Its Derivatives, etc. ; 
Algebraic and Graphic Statements of the Conditions of Equilibrium with Applica- 
Di = > tions; Scope of Pure Statics; Solutions of Statical Problems; Additional General Ca a apes 

Iv. Topics and Processes. Part II, Applications; Centers of Gravity; Stress; Struc- aes 
™ tional Topics and Examples; Appendices. 
Gifts have also been received from the following: = — 
ers, Am. Ry. Assoc. 1 Inter. Waterways Comm. 3 pam. OS 

Am. Soc. Mech. Engrs. 1 bound vol, Krug, Edmundo. 3 pam. re 
™ Yakes-to-the-Gulf Deep Waterway Assoc. =! — 

the Belzner, Theodore. 1 vol. & Hudson River Ry. Co. 1 pam. 

tur- Bezault, M.B. 3 pam. _ Lewis Inst. 1 pam. 
y to. 4 Bissell, Lochridge, E. E. 2 pam. 
s of Boston, Mass.-Eng. Dept. 3 pam. London, Ont.-Water Commrs. 1 pam. 
team Butler, M. J. 1 bound vol. == Manchester Steam Users’ Assoc. 1 pam. iS 
‘hart Cambridge, Mass.-City Engr. 6 pam. Massachusctts-Gtate Board of Health. 
are: Canadian Min. Inst. 1 vol. Mass. Inst. of Tech. 1 vol. 
‘bine Chaumelin, Gaston. 1 vol. Master Car Builders’ Assoc. 1 bound 
ines trie und Tonindustrie-Zeitung. 3 Merchants Assoc. of New York. 2 pam. 
team Vol. Mexican Central Ry. Co., Ltd. 1 pam. — 
etric 3 Columbia Univ. 1 vol, Michigan-Secy. of State. 1 bound vol, 

Decimal Assoc. 2 pam. a Morley, Fred. 1 bound vol., 1 pam. 
East Indian Ry. Co. 1 pam. Nat. Board of Fire Underwriters. 45 
4 Fetherston, J. T. 2 pam. York City-Board of Estimate and 

lllinois-Bureau of Labor Statistics. 1 New York City.-Public Service Comm. 
lllinois-State Highway (mm. 1 bound New York City-Registrar of Records. 2 
erat- Indian Midland Ry. Co. 1 pam. New York City Record. 1 bound vol. 
enger of Health. 1 bound New New Haven & Hartford R. 
m of inst. of Civil Engrs. 1 bound vol. of Inspection and Super- 
‘ating of Engrs. and Shipbuilders in Scot- vision of Public Offices. 1 — 
land. 1 bound vol.; 1 pam. Ohio State Univ. 1 pam. 


. S.-Bureau of the. 
. S.-Bureau of Steam Eng. 1 pa 
3 bound vol . S.-Chief of Engrs. 12 specif. | og 
Platt, T. C. bound vol., 3 pam. U. S.-Coast and Geodetic _ Survey. 
 Poughkeepate, N._ Y.- -Board of Public charts. 
Powell, F. W. 1 pam. ee . S.-Forest Service. 1 pam. 
Providence, ~Dept. ‘Public ts S.-Gen. Land Office. 1 bound vo 
Australia- for Rys. U. S.-Isthmian Canal Comm. 1 vol. | 
_§.-Library of Congress. 1 bound vol, 
Richmond, Fredericksburg Potomac U. S&.-Office of Experiment Stations. 
Clifford. pam. U. S.-Office of Public Roads. 2 
San Francisco, Cal.-City Engr. 1 $.-Office of the Library Navel 
Siemens-Schuckert Werke, G. m. b. H. AS War Records. 8 pam.,1 vol. 
U. S.-Weather Bureau. 1 pam. 7 
Smithsonian Institution. 4 bound vol., 1 Univ. of Minnesota. 1 pam. 
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Stanton, R. B. . 2 diagr: 
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Tracy, Patrick J. 1 bound Washington Southern Ry. 1-pam. 
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1 pam. Worcester Polytechnic Inst. pam. 


Methods of ‘Treating an Disposing: of “Sewage. Fifth Report; 
Appendices 6. and 8 of the Royal Commission on Sew 


Disposal. "London, Wyman & Sons, Limited, 1908. 


Itlustrated Technical Dictionary i in Six Edited by 
Alfred Schlomann. Vol. 4, Internal Combustion 1 Engines ; ; comp. by 


Schikore. New York, McGraw Publishing Co. , 1908. 
Handbuch der by Th. 
berg. Part II, Der Briickenbau. _ Vol. 1 and 2, Fourth Edition, and Vol. 
and 4, Third Edition. Part III, Der Wasserbau. Vol. 3, 5 and 8, 


Fourth Edition Leipzig, Wilhelm Engelmann, 1904, 706-07 


Blektrotechnik in Einzeldarstellung. Edited by Gustav Benischk 
Vol. 13, Elektrotechnische Messungen und Messinstrumente. By Gus- 
tay ernicke. Braunschweig, Friedrich Vieweg und Sohn, 1909. 
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The Erection of the Pwil- y- Viaduct on Merthyr Extension of 
the Barry Railway.* Alexander Low Dickie, M. Inst. C. E. (63) _ Vol. 173. — 7 
Notes on the Erection of Cantilever Bridges. * Thomas Claxton Fidler, M. Inst. rt fo 
The Design of the Centering for the 233-Ft. Arch _. Sore Lane. Bridge, 

 Phila., Pa.* George Maurice Heller. (2) July, 1908. 
Railway Bridge Floors, Old and New. * Conrad Gribble, A. M. ‘es (10) Dec. ee 


-erete Abutments in Cuba.* ‘Charles Mckercher. 
Steel Arch Bridge at Scranton.* (14) ‘Dee. 12. 
Discussion before the Technical League ‘Blackwell's Island Bridge. 


Cost of Constructing Concrete Piers for a Highway Bridge.* “Henry A. Young. 
Removal of Madison Avenue Drawbridge, New York ‘City. °. Geo. H. Hefele. 
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CURRENT ENGINEERING LITERATURE 


Electrical. 


The of an Hydro- Electric Project. 
The Mercury Rectifier.* R. P. Jackson. (58) Dec 
The Development of an Alternating Current Distributing System.* B. Gear. 
-Accumulators for Peak Loads.* A.M. Taylor. (73) Dec. 4. | 
Output and Economy Limits of Dynamo-Electric Machinery.* Cc. Ma 

and H. Burge. (73) Dec. 11; (26) Serial beginning Dec. 25. _ ; 
The Use of a Phase-Shifting Transformer for Wattmeter and ‘Supply ‘Meter 
 ing.* C. V. Drysdale. (73) Dec. 11. 
ome Comparisons of the Electrical Indtstry and w. M. 
 Mordey. (Paper before the Inst. Elec. Engrs.) (11) Dec. 11. 
F 


Analysis of the Operation of a Small Central Station.* Louis P. Zimmerman. | 

Commutation of the Compensated-Series-Repulsion Motor.* A. R. Dennington. (27) | ap 

Cost of High- -Tension Underground Cables.* Henry Floy. (27) Dec. 12. 

The Short-Period Carrying Capacity of Cables.* Wm. A. Del Mar. (27) Dec. 12. 

The Electric Discharge and the Production of Nitric Acid.* W. Cramp and B. 


Hoyle. (Abstract of Inst. of Elec. Engrs.) (73) 
Dec. 18. 


Power Plant and Heating System at U. S. , Naval Hospital, New Fort Lyon, Col.* 


and Potential Coefficients of Polyphase Windings. Hellmund. 
Three-Phase Four- Wire Systems.* K. Faye- 2 
‘The: Cooling of Rotating Discs Considered in Connection with» New 
Generator of Continuous Oscillations. (73) Dec. 25. 
Experiments with Heusler’s Magnetic Alloy.* B. Gray. (Abstract of 
read before the Royal Soc. of Edinburgh.) (73) Dec. 25. 
Note on the Electrical Resistance of Spark Gaps.* R. A. Heustun, Ph. D. (Ab- 

- stract of paper read before the Royal Soc. of Edinburgh.) (73) Dec. 25. 
On a Method of Using Transformers as Choking Coils and its ‘Application to the 

‘Inst. of Elec. Engrs.) (73) Dec. ap 

in a Belgian Steel Works.* ‘Dee. 25. 

A Low-Head Hydro-Electric Development at Berrien Springs, Mich. .* (27) ‘Dee. , 26. 

Z Stroboscopic Measurements of Alternating- Current Frequency with Blectric Lamps. = 
Cas yd. (27) Dec. 26 
Errors in Magnetic Testing with Lighth M. G. Dec. 26. 
Conditions Affecting Stability ir 

(42) Jan. 
Characteristics of Motors for cota 
Rate Regulation of E’ectric Power.* S. Wyer. (10) Jan. 
Chart for the Calculation of the Size of Copper Conductors in Transmission Lines.* ° 

| Rays of Positive Electricity, a New Investigation of Goldstein’s ‘‘Canal Rays.” 

J. J. Thomson. (Abstract of paper read before the Royal Inst.) (19) Jan. 3 
quarry Street Station of the Commonwealth Edison Company, Chicago.* > wins 

Bituminous Gas-Producer Electrical Plant. * Elbert A. 

An Extensive Power System in the South.* Cec Cecil Poole. (64) Jan. 
Theory of Lightning. Daniel S. Carpenter. (27) Serial beginning Jan. vs F 

Recent Swedish Hydro-Electric Plant.* P. Frenell. 7 
Voltage Strains due to Circuit-Breaking in Direct-Current Systems.* Silber-. 

A 50000-Volt Transmission System, the Largest Hydro-Electric Plant in Switzer- 


Marine. 


Protection against Fog at Sea. 
‘The Dynamics of Rolling of a Ship.* Sir Greenhill. 
‘Messrs. Yarrow’s New Works on the Clyde.* (il) 
-Surface-Condensers for Steam-Turbines (marine).* (11) Dee. ye 
Reciprocating te Marine Practice and its Probable Future. “is Gibson. 
(Paper read before the Manchester Assoc. of Engrs.) (47) Serial beginning 2 
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The Steamship George Washington.* (19) Dec. 

Boilers of the Lake Steamer City of Cleveland.* (94) Jan. Sag) ce 

Marine Engine Design.* Edward M. Bragg. (95) _ Jan. ey 

Recent Screw-Propeller Design.* (95) Jan. 

A Longitudinally Framed Ship.* Benjamin Taylor. (95) Jan. ee ee 

The Development and Present Status of the Model- Basin.* 
A. Sverett. (95) Jan. 

Extension of Malta Naval Dockyard and Harbour. our. (11) Serial beginnt 7 

Neuerungen beim Stapellauf S. M. S. Blucher.* Bock. (48) Nov. 28. 

Schiffsschwingungen Hdéherer Thele. (48) Dec. 26. 


A Graphical Method of ‘Gas-Engine Efficiencies. 
Hollingworth, Assoc. M. Inst. C. E. (63) Vol. 173. | 

Superbeaters. * Frank Hugh Preece, Assoc. M. Inst. C. E. (63) Vol. 178... 

Experiments on a Method of Measuring the Air or Gas Supply to Gaines and 


___Furnaces.* Andrew George Ashcroft, M. Inst. C. E. Wel. 178. 


High Speed Elevator.* Charles R. Pratt. (55) Vol. 29. | 
Ball Bearings, a Discussion of Their Use ball General and on Automobiles in Particu- 


Pressures of Lap-Welded Steel Tubes.* Reid T. Stewart. (55) Vol. 29. 


The Testing of Inflammable Gases. * BE. Sargent. (55) Vol. 29. 


‘Standard Proportions for Machine Screws ; Revised Report of the Committee (Amer. ; 
Balancing of Pumping Engines.* F. Nagle. (55) Vol. 29. a 
The Economy of the Long Kiln.* E.C. Soper. (55) Vol. 29. 


Materials for the Control of Superheated Steam.* M. W. Kellogg. (55) ‘Vol. 


Air Cooling of Automobile Engines.* John Wilkinson. (55) Vol. 29. 


Materials for Automobiles. Elwood Haynes. 
_ Specifications for Iron and Fuel and Method of Testing Foundry Output. » Rs 


Foundry Blower Practice.* Walter B. Snow. (55) Vol. 29. 


Cupola and Iron Mixtures. W W. J. Keep. (55) Vol. 29. 


Patterns for Repetition Work.* E. H. Berry. (55). 29. 
Some Limitations of the Molding Machine.* E. H. Mumford. | (55) Vol. 29. 
The Specific Heat of Superheated Steam.* Carl C. Thomas. (55) Vol. 29. To ; 
jt of Engines for the Use of Highly Superheated Steam.* Max E. R. Toltz. oven 
Power Transmission by Friction Driving.* Ww. F. M. Goss. (55) Vol. 29. 
The Rational Utilization of Low Grade Fuels, with Special Consideration of the ening 
_ Application of Gas Producers.* F. E. Junge. (55) Vol. 29 a, 
Duty Test on Gas Power Plant. G. I. Alden and J. R. Bibbins. — (55) Vol. 29. as) 
Control of Iniernal Combustion in Gas Engines.* Charles Edward Lucke. © (55) a 
The Evolution >f the Internal Combustion Engine. .* §. A. Reeve. (55) Vol. 29. y 
The Foundry Department and the Department of Engineering al ‘a William A. a> 


Molding Sand.* Alexander E. Outerbridge, Jr. Vol. 29. 


A Foundry for Bench Work.* W. J. Keep and Emmet Dwyer. (55) Vol. 29. a 
Flow of Superheated Steam in Pipes. E. H. Foster. (55) Vol. 29. 
Superheat and Furnace Relations. Reginald Pelham Bolton. (55) Vol. 29. ea tr 
Entropy Lines of Superheated Steam, taken from the Experiments of Knoblauch and 


Experiences with Superheated Steam. Geo. H. Barrus. (55) Vol. ee 
Use of Superheated Steam in an Injector. _ Strickland L. Kneass. (55) Vol. 29. a 
Experience in Operating Diesel Engines. J. S. Haug. (2) July, 1908. 

of Studying the Heat-Absorbing Power of ‘Steam Boilers. Loyd 

(4) Dee. 
The Manufacture and Use of High-Speed Steel.* M. Becker. (10) 
‘The Refrigerating Machine and the Gas Engine.* Joseph H. Hart. (10) 
Electricity in Refrigeration.* R. Louis Lloyd. fee 
The New Superior Portland Cement Mill in the State of Washington.* “a (67) “4 ‘Dec 
Oldham and Its Gas Supply.* —T. Duxbury. (Paper read before the Manchester — 
Dist. Inst. of Gas Engrs.) (66) Dec. 1. 
Oerlikon Steam Turbines.* (73) Dec. 4. 
Mec hanical Flight. ‘Eric Stuart Bruce. (29) Dec. 4. 
_ Modern Pumping and Hydraulic Machinery.* | 
Coal Carbonizing for Bye- Products. W. Walker Atley. read before 
Yorkshire Jun. Gas Assoc.) (66) Dec. 8. | = 
Firing Stationary Boilers Economically. F. R. Wadleigh. (64) Dee. 8. 
Clean Cut Factory Gas Power Plant.* Cecil P. Poole. _Dee. 
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-Reinforced- Concrete Freezing. Tanks. M. ‘Torrance, 
A Novel Type of Road Train.* Alfred:Gradenwitz. (19) 
Handling Crushed Rock on San Francisco Bay.* F. K. bine, (16) Dec. 42. 
4 Gas-Engine Power Plant of the Union Switch and Signal ‘Company. * (27) Dec. 12; 
_ Dee. 12; (64) Dec. 8 
Some Examples of Labor Costs for Main Laying.* William Matlack. 
_ Destructive Distillation of Coal at Low Temperatures.* “Altred H. White, Fred 
Park and Wm. A. Dunkley. Tread the Mich. Assoc. oc.) (83) 
City Investing Building’s Power Plant. * Thomas Wilson. (64) 15. 
_ Power Plant of St. Luke’s Hospital, Chicago.* Osborn Monnett. (64) Dec. 145. a7 
The Strength of Riveted Joints.* J. W. Rausch. _ (Lecture before the Univ. aaah 
Council of Engrs.) (64) Dec. 15. 
Safety Appliances on Cotton-Scutchers and Lap-Machines.* (11) Dec. 18. | 
‘The Wright and Voisin Types of Flying Machine: A Comparison. —F. W. Lanchester 
(Paper read before the Aeronautical Soc. of Great Britain.) (12) Dec. 18. 
True Principles of Mechanics. Sidney A. ‘Reeve. (12) beginning Dec. 
‘High Pressure Gas Distribution. read before the 
Amer. Gas Inst.) (24) Serial beginning Dec. 21; (83) Jan. 1. ae Ts 
é* Notable Producer Gas Power Station.* Cecil P. Poole. (64) Dec. 22. 
The Scientific Mixing of Iron for Castings.* George Hailstone. -< 


; _ paper read before the Staffordshire Iron and Steel Inst.) (22) Dec. 24. 
Electrical Process the Manufacture of Steel ~Castings.* (22) 
4. 


The Flow of Fuel through Carburetter Nozzles.* Robert w. A. Brewer, 
Inst. C. E. (Paper Soc. of Engrs.) Serial begi 
Steam Turbo High-Lift Pum. * (12) 

“4 Some Anchored Tests of Aerial Propellers.* Walter A. Scoble. (11) Dec. 25 
English Practice in Coal Handling Plants.* James A. Seager. (64) ag 29. 
Investigation of a Setting cf Horizontal Chambers at Rotterdam.* M. Sissingh 

abstract from Het Gas.) (66) Dec. 29, = 
The Use of the Motor Omnibus in Europe. (13) Dec. 31. | Sa 
Modern Steam Tractors Rapid and Light Road Haulage Purposes. 
Fletcher, M. I. M. (10) Jan 
Piping in Steel Ingots.* F. Springer. (10). 
The Development of the ‘Small Steam Turbine. Chas. A. ree (9) Jan. 
- Power Generation and Transmission in Aeroplanes.* W. F. Bradley and H. W. 
ortable Oxy-Acetylene Welding and Cutting Machine.* (25) Jan. 
Difficulties in the Construction of Aeroplanes. Herbert Chatley. Ja 
Cement Works at Southam.* (12) Serial beginning Jan. 1. 
Thermal Conductivity of Heat- Insulators. = 1. 
Hydraulic Machine Tools.* Norman S. Trustrum. (Paper read before Ju 
Gaseous Explosions. (Report of a to the Assoc. (47) Serial be- 


‘Utilizing of Blast Furnace Gases at | Gary. (16) Jan. 2. 

The Ore-Handling Plant of the Steel Works at Gary, Indiana.* (14) Jan. 2. 
The Physical Theory of Coal Carbonization. W. H. before 

_ the Amer. Gas Inst.) (24) Jan. 4. ie, 
‘The Chemical Aspect of Impurities in Steam Boilers. ©. Wm. Greth. 
es read before the Amer. Inst. Chemical Engrs.) (62) Jan. 4._ 
nt of an Blectric Power § ‘Ghovel, together some ‘Cost Records, (86) 
Jam, 


: The Greatest Steel Plant in the World, the Gary Works of the Indiana Steel Com- 
| pany. * (20) Serial beginning Jan. 7; (16) Dec. 26. | 4 
Notable Low Pressure Turbine Installation.* (20). 
The Conquest of the Air.* J. F. Springer. (20) | Jan. Mee whch brass 
Oxy-Acetylene Welding and Cutting.* H.R. Cobleigh. (20) Jan. 7. : 
Le Concours de Véhicules Industriels organisé par 1!’ Automobile Club de — a 
1908; Evolution du Véhicule Industriel. G. Lumet. (32) Oct. 
Les Moteurs & Mélange Tonnant A Grande Puissance Massique; Résultats d’ Epreuves 
_.. de Consommation dans les Moteurs 4 Mélange Tonnant.* 3 Lumet. (32) Oct. 
Diagramme de M. Banki pour la Vapeur 4’Eau. oe Lecuir, tr. _ @rom Z. fiir das 
Riveuse Portative Blectro-Hydraulique des Ateliers d’Oerlikon.* Georges Zindel. 
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Grues Flottantes 4 Hélices Jumelles = 100 et 60 Tonnes du Port de Buenos- Ayres. 
Emploi des Hydrocarbures Extraits Pétroles, des Schistes et ‘Houille. 
4 les Moteurs Explosion. A. Grebel. (33) Dec. 26. 
Die Neuen Cincinnati-Frasmaschinen.* Franz Adler. (48) Nov. 
Die Verwendung von Kokilen in der Eisengiesserei.* Leber. (50) Serial be- — 
Die Gebrauchlichsten Ausfiihrungsformen Moderner Amerikanischer Lade- und 
Léschvorrichtungen fiir Kohlen und Erz.* Drews. (82) ‘Serial beginning» 
Kraftgas aus Bituminésen Brennstoffen.* E. Brauss. (80) Dec. 17. 
Eine Amerikanische Gasmaschine.* P. Eyermann. (48) Dec. 19. as 
Wialzhebel.* Heinrich Holzer. (48) Dec. 19. 
Untersuchungen iiber den Ausfluss Komprimierter Luft aus Kapillaren und to 


Microscopic Metallography and Employment in French Industries.* Jacques 
Metallurgical Practice in the Gola Fields of West Australia. * _ Arthur Selwyn- -Brown. _ 

Anderson Electric Furnaces.* (22) Jan. 1. cet 
La Photographie des Couleurs: villo et Pz Beauverie. 
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Sinking at the Horden Colliery, South-East Durham. John 
Arrangement of Pumps for Modern Collieries.* J. S. Barnes. 


The Problem of Treating Dust in Coal Mines. Frank Haas. (Paper read before 
the West Virginia Min. Assoc.) (57) Dec. 4. 
Facts Concerning the Marianna Explosion.* Floyd W. Parsons. (16) Dec. 12. ve ; 
he Hand Drill in Prospecting ‘Placer Depests.° John Powers 


Methods and Costs Driving a ‘Tunnel with Hand Steel “Holes. 
Stresses on Winding and Conducting Ropes, as used ‘Mine 
lL and John Stoney. Pecos read before the Manchester = and Min. 
Surv.) (22) Dec. 18. 
Twenty Years’ in Explosives. Oscar Guttman, ‘Serial beginning 
Dec. 25. 
‘The Operation of Coal Washery ‘in Colorado. F. (16) 
The First-Aid Movement in the Anthracite Region. * H. H. Stock. — 
Coal Mining in Bohemia.* William S. Ha . (4 
The Marianna Explosion.* (45) Jam. 
Electrical Winding in South Wales. (26) 
Concrete Coal Mine Shaft.* Day Allen Willey. (19) Jan. 
Is Coal Dust, as Such, Explosive? Audley H. Stow. (16) Jan. 2. 
Storage Batteries in Mining Service.* George A. Iler. mE Jan. 2. 


The Mechanical and the Function Engineering 
College and Apprentice Training. John Price Jackson. (55) Vol. 2 


Industrial Education, the Apprentice System of the New York Central Lines. WwW. B. 
Russell. (55) Vol. 29. 


The Ethics of Trade Secrets. Frederick | Fish. Vol. 29. 
The Principles of Engineering Geology.* Herbert Lapworth. (63) V 
Sand, its Use and Ap us Processes. 
Fo rest Conservation. R. 
The Mechanical Equivalent of Light. + ed 
North-East Coast Institution of Engineers ‘and Shipbuilders ; 
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Specifications and Notes on Macadam Road A. N. Johnson. Dec. 

Cost of Constructing a 25-ft. Cement Sidewalk and Curbing on Michigan Avenue, 
Chicago, Ill.* (86) Dec. 

Road Construction and Maintenance in 1 Gloucester. County, England. _Robert ‘Phillips. — 

es (Paper read before the First Inter. Road Cong.) (86) Dec. 16. _ 

General Figures in the Cost of | Road | Construction in Various Parts of ae: ie 

Dust Prevention in the Parks of mesten,, Mass. John A. Pettigrew. (Paper read 

before the First Inter. Road Congress. ) (86) Dec. 30. = 

>) Standard Details for Highway Construction.* (86) Jan. 6. a R 

A American and European Street Lighting.* 

The Cole Locomotive Superheater.* W. F. M. Goss. (55) Vol. 


Superheated Steam on Locomotives.* H. H. Vaughan. Vol. 29. 
} Analysis of Locomotive Tests: A. Hirn’s Analysis of the Pennsylvania Railroad’s 
Locomotive Test. Conducted 


19 d A. 55 
t. Louis in 19 04." * Sid ney eeve. (55 


Notes Taken during a Journey of Enquiry in the United tates. (Blectrification of 


Wire. Transmissions Laid in Pipes Filled with Oil, Switches and 
Signals.* L. Dufour. (88) Nov. 

‘Flat Spots on Car Wheels.* Chas. H. Benjamin. | 

The Adjustment of Railway Curves from the Practical Point of View. F. “Smith, 
_ (Paper read before the Roadmasters and M. of W. Assoc.) (87) Dec. be 

Thornycroft’s Motor Railway Car.* (21) Dee |. | 

Six-Coupled Goods Engines (652 class), Caledonian Railway. . (21) Dec. 

Ballast Wagons Spreading. ‘Plough-' Vans for Metre Gouge * 

The Rec onstruction a Portion of Cwm Cerwym Tunnel.* a2) Dec. 

Great Western Six-Coupled Express Locomotive Work. (12) Dec. 4. 

Locomotive with Feed-Water Heater, Central of Georgia Railway.* (47) a 


@ | Westinghouse Air Brake ganar Tests, Southern Pacific Co.* — (18) Serial be- 
ginning Dee. 5. 


Records of Driving Rock. Tunnels and 


ament 0} the “High Cost ot the 


Dee. 10. 


The London and North- ‘Railway Crewe Works. 

Rolled Manganese Steel Rails.* (15) Dec. 11. 

= Combination Concrete Station Buildings, Wabash R. R.* (18) Dec. 12. 
Articulated Compound Locomotives, Eastern Ry. of France.* (18) Dee. 12. 
= Experimental Overhead Trolley Construction of the Pennsylvania Tunnel & Termina al 
The Proposed Change to Electric Traction at the ‘Chicago Terminal of the Illinois 

The Work of Superheater and Compound Looomotives.» Charles R. King. (12) 


Petroleum Residues as Fuel on the Roumanian Railways. * 12) Dec. 25. 
Accumulator Railway Cars of the Prussian State Railways.* ‘Dee. 25. 

Brown Feed Water Heater for Locomotives.* (15) Dec. 25. oe Ae es 

Trial of the Rowell-Potter Block Signals and Automatic Stop.* as) D Dec. 

Methods Employed in Driving Alpine Tunnels: The  Loetschberg Tunnel.* 

™ I. Aims, M. Am. Soc. C. BE. (13) Dec. 31. ics 

% Endurance of Flue Material in Locomotives. Kearney. (Paper 

"before the Richmond R. R. Club.) (94) Jan. 

3 Design of Oil Burning Locomotives. Harrington Emerson. © (25) Jan. Se 

Buffalo Roundhouse, New York Central & Hudson River ined 

oy Baker-Pilliod Locomotive Valve Gear.* (25) Jan. _ 

the of Railway Cros sings. * ‘Ed. Shorter. ) Jan. 
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Revision of Line of the & Michigan Ry.; with unit Costs of ‘the Work. 
Gary Classification Yard of the Lake * (15) Jan. 

Southern Pacific Draft Gear Tests.* (15) Jan. 8. 
The Mexican Central Railway’s Pacific Extension.* (14) Jan. ie 
-High- Tension Current Collection, Some Results of the Swedish Electr 
Tests.* Otis Allen Kenyon. (17) Jan. 9. 
Special Work Specifications of the Interstate Railways.* . 
‘Visite aux Travaux du Chemin de Fer des Alpes (32) Oct. 
Essais d’Essieux Condés a Flasques Evidées (Systéme Frémont) sur le Réseau ool 
Chemins de Fer du Midi.* E. Hallard. (38) Dew 
Note sur le Levage Mécanique des Véhicules de Chemins de Fer et Wotemmment des 
Description des Installations et des Appareils en ‘Usage aux Chemins de Fer de 
VEtat Roumain pour l’Emploi des Résidus ‘Pérole | au _Chauffage des Lo Loco- 
-motives.* Th. Dragu. (38) Dec. 
Réseau de Chemins de Fer de la Chine.* (38) Dec. 

Les Progrés des Transports par Chemins de Fer.* Ch. Dantin. aig (33) pee. 

Automotrices Accumulateurs des Chemins de Fer de 1]’Etat * (33) 


Forderungen an den Blektrischen 
(53) Serial beginning Dec. 4. 
Dec. & 
Neueren ‘Lokomotiven der Cal nian- -Eisenbabn. 


The New York Rapid-Transit Barclay Parsons, M. 
‘The Construction of the East Market Street Subway, Philadelphia, Pa. ° 8. M. eo 


Substation of the Berlin Elevated and Underground Railway.* CBF) Dee. 12. 
Sand Drier Plant of the Chicago City Railway.* (17) Dec.12, 
Proposed Structural Improvements for the Blevated Terminal 
(48) Bee. 27. 
Safety Devices:on the Metropolitan West ‘Side. Elevated Railway. * 17) 19. 
Action Necessary to Assure a Reasonable Return on the Investment. (Urban ia, 
--:portation companies.) Charles V. Weston. (17) ial beginning Dec. 26. 
Track Reconstruction in New York.* (17) Dec. 26. ; 
= New Substations of the Chicago Railways Company. ‘Jan. 
Proposed Mono-Railroad to Pelham Bay and Island, ‘City. 
Traversée de la Ligne Orléans par le Chemin de Fer Métropolitain de Paris. 
no. 4).* (33) Dec. 1 
Neuen Untergrundbabnen in Berlin. Liez. ‘Dec. 4. 
of Heating Store Houses. * H. O. Lacount. (35) Vol. 29. 
Some Observations of Methods, Cost and Resuits of Sewage Purification Abroad. + 
 H. W. Clark. (Paper read before the Bost. Soc. Civ. Engrs. ) (1) Nov. ake 
as 7 ‘Choosing a Heating System.* Charles L. Hubbard. (70) Dec. | 
Lawrence Experiments regarding the Distribution « Sewage over Sprinkling 
The Massachusetts State Board of Health on - Pollution of Boston ‘Harbor Sime the 
Moon Island Outlet of the Boston Sewerage System. (Abstract from Annual > 
Report, Mass. State Board of Health.) (13) Dec. 31. 
The Baltimore Sewerage System.* Littell McClung. Jan. 
Heating and Ventilation of the Union Terminal Station at Washington, D. C.* a 
Cost of a 66-Inch Brick Sewer at Gary, Indiana. E. M. Jan. 
The Construction of the Bronx Valley Sewer.* (14) Jan. 9. atic? en gD 
Quelques Etudes sur Habitations Bon Marché. Goupil. (43), 


Settlement of the Courts, Georgetown, British Guiana. Leonard 
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Private Fire Protection and Insurance Rules.* 


Gorham Dana. 
Strength of Concrete Joints.* Joshua L. Miner. (58) Dec. | wwe 
Test of a Reinforced Concrete Floor System. (67) Dec 


Ballentine’s Process of Testing the Hardness and Density of Metals; ‘Report ot 


the Franklin Institute. (3) Dee | 

The Steele-Wedeles Company’ s Warehouse in Chicago.* (14) Dec. 12. 

The Manufacture, Erection and Demolition of ‘Forms for ‘Cone rete Work. F 

High-Tensile Steel Compared with Mild Steel. (22) 18, 24. = 
Scheme of the Harbor Tests on the of Sea- Water on Concrete. 

The Association 0 of German Portland Cement Manufacturers; Summary of Proceed- 


ings for 1908; New German Cement Specifications. _ Robert W. —s 

Tests on Effect « Electric on W. James a3) 
24 


The Graphic: ‘Statics of Relatorced Concrete "Sections. William Dunn. (1) 
Dee 

Changes in the German | Standard Cement Specifications. (14) Dec. 26. 

Structural Details in the New Theater, New York.* (14) Dec. 26. 7 

Specifications for Test Specimens of Concrete to be Immersed in Sea Water a 
the United States Navy Department. (86) Dec. 30. 


‘Wood Preservation by the Open Tank Process.* ane F. Hartmann. 


Followed by an Acta Wash, 
with an Estimate of Cost.* (86) 


6. 
A Novel Reinforced-Concrete Tower and Tank.* R. B. “3 (13) 
Tank Construction for Excluding Water from a Basement.* (14) = ‘9. oo ; 
Reinforced Concrete Construction in the Hartford Armory.* (14) Jan. 9. 7 
Le Travail: des Forces Extérieures dans la d’un Solide Elastique.* 


Le Béton Armé— Ses Principes et ‘Ses ‘Ressources. Charles Rabut. 
July, 1908. 


L'Emploi du Béton | dans. les Travaux Publics.* Espitallier. (32) Oct. 


Rapport sur un Syst@éme de Cheminées Industrielles en Béton Armé, de M. Mon 
noyer.* Mesnager. (92) Nov. | 
La Définition de la Résilience et les Essais au Choc. = L. Révillon. ae (93) _ Dee. 3 ; 
La Dureté & Chaud des Aciers. Robin. (93) Dec. 
Essai de Dureté Brinell par Méthode Comparative. L. Grenet. (93) Dec 
Contribution l’Etude du Profil de 


la Fondation Continue d’un Mur Al 


» Magasin a Grains de Tempelhof, prés Berlin sur le Canal de Teltow.* A. Bidault 
Ueber die Vorschriften fiir Eisenbetonbauten. Emil Mérsch. (51) Dec. 2. 


Ein Vergleich der Bauordnungen von Berlin, London, Paris, Rom und Wien.* ‘Karl 
Mayreder. (Paper read before the 8th International Architects Congress.) — 
Die Wirkung von Elektrolyten die Dr. Rohland. 
‘Beeinflussung der Phtysikalischen Higenschaften Portlandzements durch Feineres 
_ Vermahlen. R. K. Meade. (80) Dec. 12. 


Bau der Halle III. in Bisenbetonkonstruktion auf dem -Ausstellungepark Theresien- 
a hohe in Miinchen.* Fritz Klette. oa Dek Dec. 14. 


on. E. Elwitz. 
Serial beginning Dec. 14. > 


Fundament- -Rippenplatte in itisenbetonkonstruktion | tr das Thaulow- M 


useum 


“a8 Serial beginning Dec. 26. 


The Principles of Geology. .* Herbert 173. 
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Civ. Engrs. Soc. of St. Paul.) (1) Nov. 
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Private Fire Protection and Insurance Rules. Gorham Dana. (28) Cc. 
Forest Conservation. R. S. Kellogg. (28) 
Conservation of Water Resources. M. O. Leighton. (28) 
Natural and Artificial Conservation Water Power for 
A Glance at the Water § Supply of John ©. Trautwine, 
Old Aqueduct and Development.* Albert L. . Sawyer. (28) Dec. 
Bulletin of the Hoquiam ‘Water Company, — Cc. 
Reinforced-Concrete Pipe with Reinforced Joint.* 
‘Montreal Waterworks Improvement.* (12) Dec. 11. 
‘The Construction of the Croton Falls Reservoir.* (14) Dec. 12. . a 
~The Construction of the Little River Water Supply for Springfield, =e” * ae: 
_ The Purification of Bubbly Creek, Chicago Stock Yards. iad (14) Serial beginning 


Steel and Concrete Water Tower at Grand Rapids. Dee 
Automatic Devices for Measuring Water Used for Irrigation.* F. W. Hanna. (13 ) 

The Swedish State Electric Power-Station at Trollhattan.* (11) Dec. 18. _ x 
Some Problems in Designing the Kern vantages 1 Hydro-Electric Power Plant. + 


, F. C. Finkle. (13) Dec. 24. 
Power Possibilities at “Muscle ‘Shoa al 


Tennessee ‘Ri iver.* Ball. 
te. 


On Coefficients of Discharge through Stale 


Low-Head Electric Development at Berrien Michigan.* 
Method of. of Character of Water Supply of Michigan City, Ind. (60) 
American Hydro-Electric Construction Work Abroad.* Lester Hamilton. (10) 
A New Method for the Purification of Water (for boilers). - (Tr. from Machinen-_ 
"Reinforced Concrete Water Tower for the Atlantic Company, Atlanta.° 
Methods and Cost of Placing Puddle in a Cofferdam by (86). Jan. 6. 
Methods and Costs of Rock Excavation and Washing Gravel for a Concrete Dam. 
The Granite Reef Dam and Gate Mechanism.* F. Teichman, M. Am . Soc. 

‘Note sur les Echelles A Poissons du Syst@me Caméré Etablies aux Barrages Ver- 

ticaux des Riviéres l’Hyéres et l’Aulne, faisant partie du Canal de Nantes a 
Brest (Finistére).* Le Cuillier. (43) July, 1908 antes 

_-Usine de Clarification et d’Ozonation des Eaux de la Ville de Chartres (Bare- et- oe 7 

Essai d’une Limitation Rationnelle du Débit Actuellement Exagéré des Compteurs ee, 

& Disque et de leur Classification d’aprés le Volume Hormel qu’ils peuvent te 

Enregistrer par Heure.* Edm. G. Detienne. (30) Dec. 

_ Das Wasserhebewerk der Gemeinden Raschowitz und Kalwitz in Nordbéhmen. Hugo 


= 
 River-Control by Wire Net- Work.* “Philip Anderson, M. inst. (63 
Stream Flow Data. Charles E. ‘Chandler. (28) 
The Influence of Recent Developments in Size and Speed of Steamships | on Port 
Harbour Accommodation.* Brysson Cunningham. (10) Dec. “Pe 
Methods and Costs of Making Wash Borings on a Ship Canal Survey.* 
_ Silt in the Proposed Reservoirs of the Ohio Basin. Herman Stabler. = (13) Dec. 10. ed fee 
The Improvement of the Detroit River for Navigation.* (13) Dec.17, 


A Report on the Foundations and Construction of the Gatun Dam.* (Abstract of — 
ss Feport of C. M. Saville, M. Am. Soc. C. E., to the Isthmian Canal Comm. aude er 

Experimental Hydraulic- Dredge- Fill Dams at Gatun, made for the Isthmian Canai 
Commission.* C. M. Saville, Am. Scc. EL (Extract of 
Isthmian Canal Comm.) (13) “Dee. 


Scheme the Boston Harbor Tests on the Effect of on Concrete. (13) 
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The Permanent Improvement of the Ohio River.* P. S. Bond. 

Gatun Dam of the Panama Canal.* (14) ‘Dec. 26. 
The Design of the Lock Gates and of an Emergency Dam for the Panama Canal.* 

(Abstract from Report of the Isthmian Canal 


The Georgian Bay Ship Canal.* (9) Jan. = 


| The Foundations for the Gatun Locks.* (14) Jan. 2. 
q Le Port de Heyst.* C. J. Van Mierlo. sek 
Canal de Roanne & Digoin, Reconstruction du Barrage de Prise @’Eau en Loire a 
‘ — Note sur un Systéme de Fermeture 4 Segment, Exécuté en 1886-87 sur le Canal du 
- Rh6éne a Cette (Portes Equilibrées du Lez).* Guibal. (43) July, 1908 | 
- Note sur les Batardeaux employés pour Remplacer la Bourdonniére de la Port Aval 
- de l’Ecluse d’Ablon, Rive Droite (Haute-Seine). Imbs. (43) 


sur le Port de Barcelone.* MBatard-Razeliére. (43) 


Note sur les Travaux du Port d’Anvers.* A. Alby. (32) 
Saugbagger fiir die Kanadische Regierung.* E. van der Werf. 
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el Roberts, Jr., George E. Thackray, Edmund K. Turner, William R. Webster. and £ 
On ConcRETE AND REINFORCED ConcreTE: C. C. Schneider, J. E. Greiner, A 
Hatt, Olaf Hoff, Richard L. Humphrey, Robert W. Lesley, J. , W. Schaub, Emil fswensson, 
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Ox ENGINEERING Epucation: Desmond FitzGerald, Benjamin M. Harroj, Onward 
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ig ot Charles F. Loweth, Ralph Modjeski, Frank C. Osborn, George H. Pegram, Lewis D. Rights, 
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in any of its publications. © 


CONTENTS 
Of the Annual 20th and 2ist, 1909.... 
2 noe Of the Society, February 3d, 190 
Of the Board of Direction, uae 20th and February 2d, 1909 
_ Report in full of the Annual Meeting, January 20th and 2ist, _ 
j Hours during which the Society House is open... , 
4 Annua 
Papers and Discussions 
Privileges of Engineering Societies Extended to Members 
é as Searches in the Library. 


“Membership (Additions, Resignations, Deaths 
_ Recent 4: of Interest.. 


ba ‘SOCIETY 


nail 


order 
A. M.; President Charles ‘Macdonald i in the chair; ‘Chee. Warren Hunt, 
Secretary; and present, also, about 250 members. 1900, 


Messrs. George’ W. Parsons, Shirley ©. Cc. Hulse, and Herbert E. Cant- 
well were appointed tellers to canvass the Ballot for ‘Officers for the 
The ‘Annual Report of the Board of Direction, and the Annual 
- Reports of the Secretary and of the Treasurer,t for the year ending a 
- December 31st, 1908, were presented and accepted. 


= * A full report of the Fift -sixth Annual Meeting is printed on on pages 5 sal to 


54 
‘ 131 


| 
| “ae 
ward 
rber, 


ign 


The following were appointed ‘members of the Nominating 


of the Committee to Recommend 1 the "Award, of ‘Prizes, 
- Board of Direction had awarded the pr prizes for the 3 year ending with 
the month of J uly, 1908, as follows 
The Norman Medal to Charles Schneider, ‘Put Am. 
Soe. C. E., for his paper entitled “Movable Bridges.” 
_ The Thomas, Fitch Rowland Prize to Edward Wall, M. 


in Soc. C. E., for his paper entitled “Reinforced Concrete Towers.” 
‘ee The. Committee also reported i in favor of taking some official notice 
of the paper entitled. “Effects of the San Francisco Earthquake of April 
we — 18th, 1906, on Engineering Constructions,” prepared by sub-committees — 
oof the San Francisco Association of Members of the American Society 


of Civil Engineers, and the ‘Secretary was directed to express to the 


The Collingwood Prize for Juniors to D. W. Kreliwits, J 


a members of that Association the _ appreciation o of the Board and of the 
Society of the interesting and valuable ‘papers presented. 
ey The Secretary announced ‘the decision of the Board of Direction 


6 ‘ 
The the of the following ‘members 

a the Special Committee to consider and report upon “The Design, 

Ultimate Strength, and Safe Working ‘Values | of Steel Columns and 

Struts”: : AL L. Bowman, Lewis D. Rights, Alfred Boller, 

aaah Gerber, Charles F. Loweth, Rak ph Modjeski, Frank C. Osborn, George 

‘Pegram, George - Swain, Emil Swensson, and J oseph R. ‘Worcester. 
Bowman, Chairman of the Special Committ2e on Columns 
ea and Struts, submitted a preliminary report,* * containing a resolution — 

to the effect that the United States Government be requested to. ‘make 

3 a sufficient appropriation for and proceed with the construction of a 

ee: - testing machine for full-sized bridge members, and that the ‘Secretary 
be directed to forward copies of the resolution to of the 


report was accepted and the ‘resolution. adopted. 


W. Representing District No. 1. 


Epwarp B. Copwisk....._ 
CHARLES C. WENTWORTH. 


* See | 56. 
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Committee on Concrete and Reinforced 
was ordered that the Majority. and Minority Reports be printed 
. listribution to the membership, that they be made an order of ‘ere 
business for discussion at the next Annual ‘Convention, and tha at the 


~The report was Committee 


The presented a reportf the Committee appointed 


at the Denver Convention t to consider and report upon certain 
ments to the Constitution, proposed by Mr. Clemens Herschel and _ 


others, which ‘recommended that the amendment be ‘ ‘re-worded by. the 
Secretary to apply to the Constitution as it now exists, and sent out to 
letter- ballot with an accompanying statement be voted 


“but ‘that j in view of the adoption of an amendment since pa presenta- a 


tion placing the epnetien of members in the hands of 41 e Board of 
ommittee that i i should be 


ss The report was accepted d and its 1 recommendations adopted. 
wa Secretary made some e announcements in | reference to the pro- 


Samuel Whinery, M. Am. 2. Soc. ©. _ E., presen: 
“Wh ereas: ‘The present method appointing the 
_ Committee of the Society has, in practice, proved to be — 


ae tive and unsatisfactory, Of Article VII of the Const Se 


$800 page 11. 
a ay § See page 61. 


on the Metric Sy 
report was accepted and ordered printed. and the Committee... 
q 
a 
7 The Seeretarv presented a progress reportS from the Snecial 
ecretary presented a letter|| from the Chairman of the Special — 
rs 
ier. 
— 
— 
H 
the 
Com: 
— 
ppointing the Nominating Committee, therefore be it 
f *This report was printed in Proceedings, Vol. XXXIV, page 415 (October, 1908). 
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-@ “consideration, to the whole subject of the method of nominating officers 
or the Society; and particularly to the present: mode of procedure in 
and recording an expression of the corporate 
a with regard to the choice of members of the Nominating Committee in 
the several geographical districts; and to report its conclusions and © 
recommendations to the next Annual Convention 


“The report of the -tellers* ‘the 


Officers for the ensuing year was presented. 


_ The President announced the election of the ena — 


President, to serve one year: 


Vice- Presidents, to serve 
GEORGE Hernpon PrcraM, New ork 
Swensson, Pittsburg, Pa. 
Treasurer, to serve one year 
JosePH M. Kwar, New York City. 


TL! 

Wu. LIAM MONTGOMERY Memphis, Tenn. 


__ February 3d, ».—The meting wai 


The minutes of meetings of December 1908, and ‘January 


1909, gs for January, 4 


paper by “Robert Spurr Weston, Assoc. M. Am. § 
entitled “The Purification Ground- Waters Containing tron 


» Was presented by the and illustrated with lantern 
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conducted Mr. Bates, the we 
| 
he chair; Chas. 
- 


mores OP MBBIINGS 


“author was ennieseah by Mr. D. D. Jackson, Chemist dee 
City, Department of Water Supply, Gas and Electricity. se 


, Wilmington, © 
Mars Butt, Denver, Colo. 


CHARLES Havan, New Orleans, La, 


a 


@rorae Netson Ranpe , Sacramento, Cal. 
ORVILLE Hickan Turner, Raton, N. Mex. 
Lewis WALKER, Manila, Philippine Islands. 


AREND, Omaha, Nebr. 


Sancer, Mt. Vernon, 1 N. 
‘Lenoy Tattmax, Portsmouth, R. 
GRANVILLE ‘Lewis Wilkinsburg, Pa. 
Roper -Wueaton, Washington, D. ©. 
CHARLES: Newton Youna, San Francisco, 


In Surton GrINDROD, Philadelphia, Pa. 
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TO. ) MEMBER. 


LeRoy VEUVE, Los Angeles, Cal. 
Frou JUNIOR AssoctaTE: MEMBER. 


Merrick Newserry BuaMPHn, New ‘Orleans, La, 
ALTER GOTTLIEB FEDERLEIN, “Mogollon, Mex. 


Krewt LWITZ, West New a. J. 


Fouron Pace, Guayama, Porto Rico. 


ALBERT ORANGE Port Jefferson, N 


ae 
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MERRICK Herron, Palo Alto, Cal. 


The Secretary announced. election of the 


Toxtons. 


PRICHARD, Columbia, Mo. 
Harotp S. Caldwell, Idaho. 
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ident, 1894; died January elected Member, me 
he years 1892-93; TTE DE RocHEMONT, Co. 


THE BOARD DIRECTION 

1909.—The Board met, as required by the Constitu- 

at the of the during the Annual Ja anuary 


Talbot, Tiler, Wil : 

The President announced 


Finance Committee: George H. Pegram, C 
G. Wilkins, M. Endicott. "Harrie, France Le 


Members, Members, 1 Associate, and union, the 
transfer of 7 _Associate Members to the grade of Member, 1 Jd Junior to 
grade of Member, 
4; Junior to the grade of Associate. 
following Committees were appointed to take 
tee of the Board of Directi 


Committee: Messrs. H. W. Hages, We: 


Tinkham, m, a. Geo. A. Kimball, and J. W. x ayes 


"Applications were considered, and other routine business transacted. “ax 
Adjourned. 


iim 
| 
| 
im 
aan 
== | 
1909.—Vice-President Pegram in the chair; Chas. 
ecretary, and present also Messrs. Andrews, Hodgdon, 
Kittredge, Knap, Noble, Schneider, Stuart, Thompson, and Tillson. 
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[Society 
JANUARY 2oth and ast, 1909. 


20th, 1909-— ‘President “Macdonald in the 
. arren Hunt, Secretary ; ; and present, also, about 250 


Meeting called —The meeting will « come to order. ‘ According to 

| Soceder. the Constitution, the ballot for officers will close at twelve o’clock noon. 

The polls will be left open until that time. The tellers, in the — 

time, will proceed with the canvass, in order to be able to 
_report before the close of the meeting. I will announce the 


and we will hear of the Board of Direction 
Report ofthe 


ballots on the third floor, a “number of a in the wil! 


an get thr weigh quickly. 
Shall I read the report of the 


The Secretary read his of Receipts and. 
Tue § SEORETARY.— —This ‘report | shows that ne notwithstanding ‘the fact 
ee we have paid $10 000 on the mortgage there is : a balance of some 
$12 000 or $13000 more than a year ago. 8 - The balance sheet, _ Mr. 
President, which accompanies this report, and is in the hands of all 


“members, se seems to indicate that the available assets of the japseiag 
the Report? 
ESIDENT.- f there is 


following report was received d by the 


.f Direction from the Committee to Recommend the Award of Pri 


Boarp or Direction, 


y letter of the. the 

the award of prizes for papers presented to the Society for the year 
* See Proceedings, Vol. XXXV, p. 9 (January, 1909). 

Proceedings, Vol. XXXV, p 14 (January, 

ss” See Proceedings, Vol. XXXV, p. 17 (January, 1 
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pointea, 98 tellers, H. E. Cantwell, 8. C. Hulse, and re requested to serve 
a n are present, I wish 
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Report of the 
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Encino, 
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fo REPORT OF THE ANNUAL <i 


ending with ‘oe month of July, 1908, have the honor to report that ite 
having given the matter due consideration we unanimously recommend 


@ “That the Coltnmensd prize for Juniors be awarded to Arti- 
oe ele No. 1066, ‘Reinforced Concrete Towers’ by D. W. Krellwitz; _ 
‘the Rowland Prize be awarded to Paper No. 
Water Purification at St. Louis, Mo.” by Edward E. Wall; | aoe 
the Norman Medal be awarded to No. "1071, ‘Movable 
& Bridges’ by C. C. Schneider. 
No. 1056, , ‘Effect « of the San Francisco Earthquake of April 


interest: “and merit prepared by sub- of the San 

Association of Members of the American Society of Civil Engineers, 
and we are of opinion that it would be appropriate and graceful -— 

the ‘Society to take official notice of this paper. Although this matter 

lies outside the duty assigned to ‘us, we invite the attention of the © 

Board to it, for such action as the Board ‘think 


the named, recommended by the and 
also, in accordance with the recommendation of the Committee, ex- 


_ pressed to the members 0: of the San Francisco Association, the apprecia-_ 


of the Board and of. Society of the ‘interesting and valuable 


THE PRESIDENT. report to time of the: next Time and 
 Placeof 


al that the next Annual Convention of the Society shall be held a 
the Mount Washington Hotel ‘Woods, N. from July 6th 


might say that ‘that hotel will accommodate 2 at least 500, and 
are to have the exclusive use of it. a “ne case there should be 600 or r 700 ae 


ay 
to be no oubt: that all the members” who want to go to this 


Conv ention and their families can be accommodated. 


have to ‘announce, Mr. President, that 


a authorized by vote of the Society to consider ‘and report upon “The coe 


together with the members up the Alfred 
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George H. Pegram, George F. Swain, Emil 
mnittee on 


L. “Bowman, M. Am. Soo. E— 


Committee ‘appointed to investigate and upon “The Design, 


‘Ultimate Strength and Working Values of Steel | Colu mns and 


Struts” reports as follows to the Members of the American Society 
— ot ‘To Memens or THE Am. Soc. C. 


Special Com- IN ANNUAL MEETING: 


Columns and The Special Committee authorized vote of ‘Pile “To 
and report upon the design, ultimate strength, safe work- 
aie ae ing values of steel columns and struts,” having recently organized, 
tag Saas _ desires to emphasize the national importance and necessity of com- 
ts ops . pression tests, and recommends that the following resolution be adopted 


WHEREAS, no full : size tests on. large compression members have 


“ been made, there being no testing machine of sufficient magnitude for 
Wuereas, the negessity such tests has been fully established, 
iy and the results obtained from them would add greatly to engineering 
Knowledge and be of _ material benefit to the industries of this 


_ WHEREAS, it is the gmenek: the American Society of Civil Engi- 
neers in Annual Meeting assembled, that the building of a machine 
of testing to destruction full size compression ‘members of 
gee large dimensions, and of accurately recording. results, is beyond the 
means of private interests, and can best be undertaken by the 
a Bet RESOLVED, that the United States Government be hereby ‘oe 
‘~ make a sufficient appropriation for and proceed with the construction | 
of a testing machine which will accomplish the desired results. = 
__REsouven, that the Secretary be directed to forward | copies of this 


HARLES B. Batt, M. Soc. C. t= _this ‘would seem to be a 
_ matter which the Federal Government only can handle properly, andI ~ 
am sure that such a mild recommendation as this C Committee 
ought to be generally acceptable to this meeting. I “therefore move 
that the report of the Committee—I presume it is merely a | preliminary 
-_report—be accepted, and that: the resolution 


The motion was: duly, ‘seconded. 


THE Prestent.—Gentlemen, you have heard the motion. I 
: “been duly seconded. Ts there any discussion u ‘upon the subject? 
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REPORT OF THE B ANNUAL AL MEETING 


‘in favor of ‘that signify it by s ‘saying “aye 


SEORETA ary.—Mr. ‘President, the next business is s the appoint- Nominating 
ment by this meeting of seven members of the Society as members of ea ’ 
Nominating Committee, one from each of the seven geographical 
which the § Society is divided for the of 
In District No. 1 the total number of suggestions received i is 233. 
Frederick W. _ Gardiner has ‘received 148 votes; Mr. George S. Rice, 
20; *Mr. 3 Gardiner, 4; Mr. Arthur S. Tuttle, 3 3; Mr. Henry W. 
Hodge, 3; and Messrs. James H. Edwards, Nelson P. Lewis, Theodor | 
‘8. and George Cc. Ww hipple hav 2 votes each. 


The following have received one vote rr 


Bur, 
AB CorTHELL, ~Gorce A. Just, 
z= S. CRANE, MeErcalr, 
_ T. Dana, 


Epwarp P. 


P.G J. Warpo Smirn, 
S. reat Josern Srracua 
UL E. Grecory, 


Tt duly moved and s seconded that Mr. Frederick Ww. ‘Gardi 

elected a member of 

THe PRESIDENT. an is moved econded that Mr. Gardine 


made a member of the Nominating Committee from District No. 1 


in favor of that signify by “aye”; 

THE SECRETARY. From D strict No. 2 the total ‘number of votes 
receiv ‘ived i is 54. Mr. ‘Richard A. Hale has received 13 votes; Mr. J. R. 3 


orcester, 12; Harrison P. Eddy, 5; and Messrs. Chatiee A. Allen, 


* Of the above, J. G. Gardiner is not a member of the and Leonar 
Metcalf and D. A. Watt not reside in Mo. 
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Scott pee “George: ‘Swain have 2 votes 


3 0. Perry SaRLE, 


-Freperic P. Stearns, Pasr- Present, Am. Soc. E— 
Mr. Richard A. Hale be elected a of the Nominating, 


‘mittee from District No. 2. 


The motion was duly seconde 
Preswent.—You have heard the 
favor signify by saying “aye” ; contrary, ‘no. ae It i is. a vote. 


Josern M. Knap, ‘TREASURER, Am. Soc. C. E.—I move that here- 


only the first three names read. is not worth while 


following have received one vote each: 


4 
SECRETARY. —From District No. 3 the of votes 
ae 111. Mr. M. G. Barnes has -30 votes; 
 Codwise, 27; and Mr. E. E. Haskell, 7. 


+: CARLTON Davis, M. AM. Soc. President, I move that 


Mr. Codwise be appointed member of ‘the Committee; 
though he not received as 1 many votes Mr. Barnes, yet I 
that his ‘appointment will serve better to 1 represent the District. There 


a is one member of the Nominating Committee from District No. | who 


“ie a a year to serve, Mr. David A. _ Watt, who is a member of the 


State at Albany. Barnes i is a also a member of the 


seems to me that 


© 


Riptey, An. E.—I move to amend that motion 


Tue ‘Srorerary. —Would it not be simpler, Mr. Pr te: 
all motions and to vote on each of the names. 
*Of the above, Messrs. George F. Swain and F. P. Stearns are not eligible, being memi-— 
Board of M. Jr., does not reside in No. 2. 
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Tue Presien’ 


THE 
THE 


that saying ‘ “aye”; ‘contrary, no, is a 
mo 


e that it be a rising vote. — 


All i in favor of Mr. Barnes’ S 


Will you “kindly st the motion 


THe PRESENT —Mr. Barnes’s name will now be voted upo ‘aioe, 


: favor of his appointment from the Third District will please’ 
“tr SECRETARY. — —Twenty. 


THE PRESIDENT. —All i in favor of Mr. Codwise * will wleisbe rise. 


THE PRESIDE 


Mr. Codwise duly elected from District 

SecRETARY.— 


110. Mr. Fran 


nk Sutton 40 votes; Mr. Richard 
‘Humphrey, 19; Mr. Calvin W. Hendrick, 


Mr. Davison. ae move that Mr. Frank Sutton be elected as nonlin 
from District No. 


nove 
The motion was duly seconded. 


‘THE SroRETARY District No. there 126 votes, of oh. 


——You have heard the Allin favor signify 


aul moved and seconded that Mr. be appoi ted 


ag 


ft is a vote. 


is of which Mr. Charles. "Wentworth ha 


‘Mr. J. F. Coleman, 5; Mr. Hunter ‘McDonald, 4, . In th this case I 
ter read the fourth name because Mr. Frank M. Kerr has 3 also received 4 


use 

. 8. CHURCHILL, Am. Soc. E- nominate Mr. Charles C C 

| We entworth to be a member ¢ f the Nominating Committee from Dis. 
7, 

he » motion was secon 


THE PRESIDENT.— 


be clected a member of the Nominating District No. 6. 
ata! All in 1 favor will say 


“aye” 3 contrary, ‘ ‘no. ” It is a 
THe Seonrrary— -From District No. the total 


H. ProraM, AM. » Reo. move > that Mr. Fowler 


Affairs. ANNUAL MEETING — 
r.—You have heard the motion that we take a vote 
All in 3 
2. 
im 
Re — 
sony 
— 
ber of votes — 
e 


Ay 


on 


Dit 


in that signify saying “aye”; 

Status of the published in the Proceedings for October, 1908, , and copies, 


Metric Syst 
pamphlet available for distribution to those in attendance at 


a and criticism of ‘this report from ‘Mr. 
eer Henry I R. Towne, ' who is not a member of the Society ; but if I might 
venture to ‘make a suggestion, Committee has made what is: 
intended to be a final report, wishes to be discharged. Now, 
“ie a whether this report should be printed without. any discussion « or not is a 
ce: matter for this meeting to determine, but it does seem to me that this. 

report might be treated as a paper of the Society, and published with : 

a discussions to which it gives rise, because there is a good deal of ; 

: opinion as to the of it 


at 


thanks, and that the report be. printed, 


its report printed. All in | favor of that signify by ‘saying “a ‘aye’ 


Report of = —The next. business in order is the e Report of the : 
special 
= 


‘on ‘discharged, with thanks of ‘the Society", | 
4 


“Reinforced report, which is signed by six members of the Committee, and 


minority report signed by the other four. members, is. available 
pamphlet form for distribution to those in attendance, and ‘perhaps 
not be read. Mr. Humphrey, the | 


A 


Ricwarp L. Humpnrey, M. Am. ‘Soo. Cc. 


| 
is the ‘report. agreed upon by a majority of the Speci 


Committee Concrete and Reinforced Concrete, and also the 


Society for Testing Materials, the American ‘Railway Engineering 


and Maintenance of = Association, and the Association of American — 


‘report agreed upon by the Joint Committee appointed by the American 
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REPORT OF ‘THE ANNUAL ‘MEETING 


Portland Cement Manufacturers, with which Special 


commi 


4 


Report, which i is met very long, and ask whether it is” the dl 
of the meeting that it be read. a=, 


Tue Presipent.—I understand that the gentleman’ s motion is that 
the Majority an and Minority reports be printed and distributed among 
the members, leading up to a discussion at some future meeting, and 
_ Seorerary. —Might I suggest, Mr. President, that 
it might be wise to insert in that motion the date. on which the | dis- 
—- should be taken uP, and also. that the next Annual Convention : 


Tue PRESIDENT. ou have heard that All in 


‘aye” contrary, ‘no.” The ayes appear to have it; the ayes have it. 


THE Srorerary.—The Report of the ‘Special Committee o on of 
form Tests” of Cement is here in ‘pamphlet form, and I will simply 


A ‘move that the Report be received and the Com- 


om 


Tue PRrestent. have. heard the motion. in favor of 
signify” by ‘saying “ “aye”; contrary, “no.” It i sav vote. 
THE SECRETARY have the following brief report from the Special Report of 
GENTLEMEN :—Your ‘Committee respectfully reports that since 
report of December 6th, 1907, it’ has continued its investigations, keep- 


in touch | with the progress” made railroads, the other en- 


The made on this subject been slow, but 


— 
iim 
he report itself is presented for the reason t nat t ae majority Of 
re nembers of the committee believe that the information which the 
committee has acquired and the views expressed would be of value 
inter o the members of the Society. The committee desires that = Te 
| __ the report be printed and circulated among the members and that the 
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information gathered is quite much so 
a yong that it is hardly necessary to burden this Society with much of it, as 
- Rail Sections there is no body of men, in 1 railroad circles or in the different societies, 
St area _which is ready to- -day to make a recommendation for a rail section to 
ee i adopted by all the railroads. Your Committee is therefore not 
ey ‘yet prepared to submit respective sections for the different weights of 
rail. The cardinal principles submitted in your Committee’s 
os eet of December 6th, 1907, however, seem to have been generally accepted — 
ar _ all professional men and railroads making a study of the subject, 
and so far as sctions of rail made we believe they are 
os a cepted as good and being adhered to, and it is gratifying to your 
We may add that since our last Report the American Railway Asso- 


Engineers of Railway and Maintenance of 
cat Way Association of Chicago, and asked that Committee to report on a 
oa eee 8 rail section, this report to be returned to the American Railway Asso- | 
ciation to be considered for adoption. Three members of your Com- 
Say re mittee are members of the Committee of the American Railway En- 
a gineering and Maintenance of Way Association, and a greater number 
of them are members of the American Railway Association. — 
the American Society for Testing Materials has a Committee, 
of the members of which are members of your Committee, so that the 
work of the several is interwoven to ‘such | an that 


“The ‘American Society. for Testing since our has 

ade some important changes in its specifications, bringing them more 
into harmony with the specifications-proposed by this Committee. _ 

We also desire to call attention to the increased use of open- -hearth | 


; hearth steel 1 rails in the future, 
These Associations have also joined i in 
rail failures, and have adopted a uniform blank for reporting rail 
aS failures, which will give information much more in detail and more _ 
_ accurate than the information that has generally been collected by the 
- They have also joined in having tests made in ingots, blooms, rails 
and rail joints, under the supervision of the United States Arsenal at 
Watertown, Mass. All this work will add very ‘much to the data avail- — 
_ able in the study | of the making of rails at the mills, and the wear and 
a3 failure of them on the railroads; and, considering the situation as it | = 
stands, your Committee would deem it wise to make os a Report of 
Progress, ask to be continued. 3 
E. C. Carter, K. 
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-What i is your pleasure i in regard to this report? ee 

the Report be received and 


‘ Preswent—You have heard the motion that ‘the Report b be 


Wied 


es and the Committee continued. Pa All in favor signify by saying 


THe SECRETARY. —Mr. President, from the Chairman of the Com- 
mitteeon 
Committee on Engineering ‘Education, Mr. Desmond FitzGerald, 
“Brox 


“My DEAR Mr. Hunt 
ing Education has been formed consisting of the following members: 
; “Representing Com. of Am. Soc. C. E.D mond FitzGerald 
‘Inst. Mining Engi neers Dr. Henry M. Howe 


= "Electrical Samuel Sheldon 


ngrs. Prof, Alex. C. Humphreys, 
Dugald C. Jackson 


-Foundation......... 


organized: and have d done me 


wat was determined to begin the work of the ‘Committee by making 
and this work 


Preswent.—The next busines is t 

Herschel and other members of the Society, was considered by the 
Meeting of the Annual Convention ‘Denver, J une 23d, 


— 
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[Society 

ws Instead of the word 
“twenty” in the fifth line thereof, insert the words “one- fifth” ; and 


fter the word “votes” in the same line, insert the words: “of all the 


Be nerd otes cast”. So that the new sentence shall read: : “One- -fifth o1 or ‘more 
negative votes of all the votes cast shall exclude from election.” a 


ual 
as fo 


report ‘at this Meeting. “The | so appointed 
= Messrs. George H. ‘Pegram, J ohn W. Ellis and R. ‘Leonard. 


Mr. Proram. —I hand you a 
THE SECRETARY. —Do you want me to read oe _ 


Report of To THE AMERICAN or ENGINEERS: 
Committee on 


Proposed. __s«L-OUr Committee, appointed pursuant to a resolution of the Business 
Amendment at Denver, .J une 28d, 1908, to consider an amendment to the 
Constitution. 


“Amend Section 4 of Article IIT as follows: 
mers “Tnstead of the word ‘twenty’ in the 5th line thereof insert the 
“Swords: ‘One-fifth’; and after the word ‘votes’ in the same line, insert 
. s the words: ‘of all ‘the votes cast.’ So that the new sentence shall read: _ 
“‘One- fifth or ‘more negative votes of all the votes cast shall exclude 


This was by the Denver Meeting by “One 


The amendment, ‘together with two to the 
eis same subject, was considered by a Committee which reported to the 
a Denver Meeting at which the matter was discussed, and the. majority 
report of the Committee together with the expressions of the views 
of the other members were printed and sent out with the letter-ballots 


on the amendment placing of in the Board of 
Direction, which was adopted. 
oe report referred to, and the question has been so generally comet and 
apparently settled by the adoption of the amendment placing the 
, election of members in the Board of Direction, , that the duty of your 
ommittee would to be to advise how the proposed amendment 
~The purpose of this to correct a defect 
pee hom which has been corrected, and it might appear that it is 
ee therefore void; but the Constitution requires that proposed amend- : 
ments shall be v d upon by letter-ballot after having been n con- 
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_ sidered by a general meeting which has power ai to auaiaiea in 
a manner pertinent to the original amendment, and if not amended it | 
shall be voted upon by letter-ballot in the original form. 
There would, therefore, seem to be no power to declare the 
_ amendment void, and it would be a dangerous precedent to assume it 
go, because there might be proposed amendments which, while antici- 
pated in part by amendments adopted since their presentation, would 
still have desirable features not affected by such action. 
Be On the other hand, the discussions: and action in this matter would 
indicate that the adoption of this proposed amendment i is not sing al 
or, in fact, advisable until the Constitution as amended October eae 
Your Committee, therefore, ‘recommends that the proposed amend- 
a ment be re-worded by the Secretary to apply to the Constitution ie 
it now exists, and sent out to letter-ballot with an accompanying state- 
ment that it must be voted upon by letter-ballot to meet the require- ut 
ments of the Constitution ; but that in- view of the adoption of an 
‘amendment : since its presentation placing the election of members 
‘the hands of the Board of Direction, it is the opinion of ssa Com: ae 


mittee that it should be Respectfully submitted, 


A. Benset, M. Am. Soc. C. E—I move that. the Report of 


Committee be received y the and its 


ded. 


« 


contrary, “ is a vote. 


announcement to om programme. 
has been made by placards, which are posted the House, but 
: somebody may not have seen them. 
excursion this afternoon is by of 
people who said they would come ‘this meeting—some 1100—mz 
— it somewhat uncertain as to how many can be taken on that trip, ‘and 
the limit of possibility in that direction is about 500 persons. 
A _“ So it was determined to issue tickets, and to ask the resident 
who can at at a all times see. the bridges, to wait until the 
ca non-residents have secured the tickets they need before applying for 


addition to this, the courtesy y of the Commissioner of 


“the Department of Charities, | a steamer which will hold : at least 250 
people, will be in at the foot 0 of East Sixtieth Street, and wil 
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as far as ond = been in the times of trains 


or. in anything else. The special | train: to the Ashokan: Reservoir, 


‘Morrow, W will stop at Newburg to take on “passengers, and will also 
*. stop at Kingston. ~The time of arrival at Kingston is 12.05, and. at a 
_ Newburg about an hour earlier, so that those in that + vicinity need — 


ie “not come to New York to take the special train. 


do not think I have anything else to say, Mr. President. 
no other business at the present moment. 
ta PRESIDENT. —If there is any new business to be considered we 


~ 
= have ample time, as the ballot does not close until 12 o’clock. 
N 


of SAMUEL Wuinery, M. Am. Soc. C. E.—Mr. President, it has been 


evident for many years that the method now ‘in vogue for choosing the 


“of the membership has any part: whatever in very 
question of selecting the Committee, and that a similar 


had any part in selecting the persons who have been to- 


tt appears that Nominating of this Society, 

the nomination of the officers of the Society—a most 

; dete important function—that the members of the N ominating Committee 
have been elected upon the basis of of the membership of the 

Bociety. other words, 7 of the « corporate membership of the 


935 


Society, ‘upon the “average in the last five years, have dictated the 
election of the officers of this Society. ae | has appeared i in that time that 


in a number of cases, as few : as two (I won’t say within this period 


= few as two, but previous to that I remember a case where only two 
—— voted in a District) voted for the } person who was se 


T 0 the Nominating Committee. 
has often occurred that five or less’ 
eh _ have dictated the 1 member of the Nominating Committee. “2 appears ] 


—I might : say to begin v with that the “method of electing the q 
Nominating Committee of the | Society is probably familiar to you, 


but the | provisions of the Constitution are very. short, a and it ; will take 


a moment to read you, 


: 
— «Ct nnounce- 
we ments | 
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not officers of the Society, one from each the 
Be shall be appointed by the meeting to serve for two years; who, with a 
x the five living last Past-Presidents of the Society, shall be a committee — ms 
to nominate officers for the Society, = 


: Same Board of Direction may prescribe the mode of of procedure for 


The Committee so appointed shall meet at the Annual Convention Ge 
: the Society, and nominate candidates to fill the offices » named in 


a Article V, so as to provide, with the officers holding over, a Vice- 
President and six Directors residing in District No. 1, and twelve 
Directors, divided equally, with regard to number ‘residence, 


among the remaining districts, Nos. 2, 3, 4, 5,6 and 


procedure has been that about two months before the Annual 
of the the Secretary out blanks to the 


collated by the has been ‘done ‘to- It will appear 
that some one person: votes than another usually. — 


sionally — two or three will have the same number, but usually one 
member has a larger number of votes; but be that number two, three, ae “ 


or four or it been the universal < custom, I think, in this 
Society, with | one or two exceptions—one_ of which oceurred to- 

to elect that person as a member of the Nominating Committee who 


has the largest number of votes. 


Now, that is certainly not the basis. on which the American Society _ o 
a of Civil Engineers should proceed to elect the officers of the Society, a 
and it seems to me that while the matter has worked fairly well so ae 
far, it is high time that the Society, should make some change in that whe 
respect. There is no criticism be offered with reference to the 
personnel or the work of past Nominating Committees. We have been on ae 
very fortunate, I think, in that respect. — That good fortune, however ey 
is due to the high character r of the e men who have happened to be ee 
elected to Nominating» Committee—I_ say “happened”, ‘because 
that is precisely the fact—and - to the good s sense of the none mond ee 
and the absence the Society of any disposition of selfishness o 
political action. To that alone has been due the fact that ig aa 
The facts show that 74 Corporate “Members, int ected 
majority of the one- “half of the Nominating Committee clected that 
year. Of course, you understand that the Nominating Committee 
now of 19 persons, 14 of ‘whom are. elected. Of the 19, 10° 
form a majority, and would be able under any to veontrol 


‘the 1 nominations or of the ‘Committee. 
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Method of in ‘the next ye 


pointing Be, 
Nominating 


about 75 members in two years: controlling 
the Nominating Committee. In the next year, 1905, only 50 Cor-_ 


porate Members elected five of the seven I members elected | that year. 
The next year, 1906, a more fortunate year, 120 then were 


elect the five members. In the next year, 1907, only 65 Corporate 
‘ 


Members elected five members of the Committee. CT 


ae It oapeene, therefore » from these figures, that if it were true in 


interests prevailed, or political methods, it would be entirely practicable 
for a bunch of say half a dozen members of the Society in the course 7 
_ of two years to secure absolute control of the Nominating Committee. 
ee while we have had no bad results from this in the past, and 


= z while there is no reason to anticipate that we shall in the future, still 


itisa condition of affairs that we ought to remedy. It ought not to be ] 
possible in the American Society of Civil Engineers for a bunch of 


- than one ee men to dictate who shall be the officers of the a 


or that and the Annual Meeting can only do practically 

The trouble seems to lie with the apathy or the neglect of the 

to reply to the ireular letter « of the Secretary. But there 


must be some cause antecedent to this “Surely. on a matter 


importance mo more than 200 or 300 members will | take su sufficient interest 
<3 the welfare of this Society to fill out and s sign a simple blank. . The 
Ray. fact is, however, that these circular letters: go to the _members, many 
Ae of whom are busy y. They lay them aside. There is nothing to call 
ae their ‘special attention to the matter or to the importance of it. Ina a 
- great many cases they are never filled out, or. only returned in very. 
SS few cases. Is there in the districts any consideration, any means, any 7 
‘method or attempt to” concentrate views of the ‘membership upon 
ae some one person, who would form a suitable member of the Nominat- ; 
‘ing Committee? It seems to that this is a defect in in the present 
: methods of the Society, and an important we should take 
some means to remedy. That remedy, _according to to the 
placed in the hands of the Board of Direction. 


gene The present method of appointing the Nominating Com- 
mites of the Society has, in practice, proved to be -unrepres ntativ 
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‘iat 2 of Article VII of the Consti 
‘that the Board of Direction may prescribe the mode of 
appointing the Nominating Committee, therefore be it 
“Resolved: That the Board of Direction be requested to give further 
consideration to the whole subject of the method of nominating officers. os; 


_ the Society; and particularly to the present mode of procedure in oi 


L 
3 


Ta 


ascertaining and recording an expression of the corporate membership ts 
with regard to the choice of members of the Nominating Committee _ 
in the several geographical districts; and to report its conclusions and — 


recommendations to the next Annual Convention of the 
President, I move the adoption 1 of that resolution. 


THE PREsIDENT.— hove heard the motion, gentlemen. 
favor of it signify by saying “aye”; 3 contrary, “no 10.” is a vote. 
> “Ss THE Srorerary.—The Tellers are not ready to report, but they are 


ve ery nearly ready, and I have no doubt from what I T have seen that they 


—If there i is no further business, it would be desir- 


able to take a recess until the Tellers report. 


G ARDNER Ww miaMs, M. AM. Soc. E—I ‘move that we take 


a until five minutes of twelve. 


Tue Preswent.—You have heard the motion. All n favor of that Recess. 


signify it by saying “aye” 
Tue —Before you rise, would: like to suggest the 


5 


a that we will have to serve luncheon to a number of you fis 
this room, so that it will not necessary 4 for you to go 


THE ‘PRESIDENT. —The an of the Tellers will now be read. 
THE ‘SECRETARY. President, the Tellers: have had a very hard 


“Shane, the results are here. Tellers, Messrs. G. W. 
‘Hulse, and Herbert E. Cantwell, the total number of 


“votes received and counted as 1 


ve 
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ort THE ANNUAL MEETING [Society 


THe Presipent.—In accordance with the vote which have 
heard read there have been elected for ‘President, | Onward Bates; Vice- 
‘aes Presidents, George H. Pegram and E. Swensson; for Treasurer, Joseph — 
Knap; for Directors, Stuart, S. C. Thompson, Ww. G. ‘Wilkins, 
M. Gardner, AL Sumner; I declare ‘these 


will ask Mr. Benzenberg if ow will be 
enough to escort the new President tothe 


‘Mr. Benzenserc.—I do not think Mr. Noble is in the room. 
THE PRESIDENT.— —Is Mr. ‘Stearns here? 


ie Bates w: was 18 escorted to the Chair by Past- -Presidents Benzenberg 


ira ti Be: Tue Present. —It is my gr great. . pleasure, sir, to ar announce your 
ele 


hee 


ction as President for the ensuing year, and to present you with 
this | gavel, and - to wish y you a every success i in your new position. ee 
Mr. Bates. —-Gentlemen, and members of the American Society of 
Civil Engineers, an engineer should always be prepared to 
a _ promotion to. higher and better work. be. am very well aware that the 
American Society of Civil in me its President 


‘on the: 


trust which has been given tc to me | by my brethren until I 


my term of office and have n my “name added to the list of honored Past- q 
many then rejoice in a the honor, which will be a lasting one. 


can add is 


= 


= that a es the eek: of ‘Sinise will be held ¢ as soon 
as this meeting adjourns, and to ask all members "he the Board = 


= 


= 


sgh in favor of djournment will please say 
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: SPECIAL COMMITTEE ON ‘TESTS or (CEMENT | 


SPECIAL COMMITTEES. 


: 


_ PRESENTED TED A 


Your Committee on Uniform Tests of Cement has devoted much > 


q ‘time, and given very careful consideration, to the subject. . Frequent 

of which cannot be finally reported at this time. 
several matters | which have been considered, such as the | substi- 
‘tution of a natural send for ‘the standard quartz, and the tests for fe 


normal consistency and d constancy 0: of volume, the Committee has 1 not ey 


While not prepared t to submit a fina a final report, the ‘Committee feels Is 

that it should present a report of pro progress in order that the Society may > 

“be informed of the results of its investigations and conclusions. = 
work of tho Committee hes been confined entirely to the 


b. In order to do full justice e to the ities consideration, it ; will 
be pr noe’ to compile and report the results of the experiments | now | 


der way, and your Committee asks, therefore, : that it be continued. a 


SAMPLING. 
1— -Selection af Sample.—The selection of the sample for testing is fae x 
a - detail that: must be left to the discretion of f the engineer; the number ar 


the quantity to be taken: from each package 1 will depend largely o 


the importance of the work, 


facilities for making them. 
-—The sample shall be a fair a 
& age; it is recommended that, wher 


3.— —Samples should | a passed through a sieve inion: twenty mesh 
per er linear _inch, in order to break up lumps and remove foreign 


- material; this i is also” a very effective method for mixing them together 


order to obtain For determining characteristics 


number of tests to be made and eee 
ontents s of the pack- — 


i 
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of Sampling.—Cement in barrels should be sample 
say through a hole made in the center of one of the ‘staves, 


: 


heads, or in in the means of an iron 
similar to that cused by sugar inspectors. in bags, it should 


taken from surface to center, 


5.—Significance.— Chemical valuable service in 
detection of adulteration o: of cement with considerable amounts of 
: oe inert material, such as s slag or or ground limestone. _ It is of use, also, i in 


‘of character of ‘cement results more frequently fom 
| imperfect preparation n of the Taw material or defective burning than 


ted "very finely- material, thoroughly may contain: 
an more lime than the amount usually present, and still be perfectly s sound. 
On the other hand, | cements low in lime may, on account of careless 
preparation of the raw material, be of dangerous character. Further, 
the ash of the fuel used in burning may so greatly modify the composi- 
a tion of the product as largely to destroy the significance of the results 


ow _—Method.—As a method to be followed for the analysis of cement, 
proposed the Committee on Uniformity in the. Analysis of 


oe Materials for the Portland Cement Industry, of the New York Section © 
of the Society for Chemical Industry, and published in Engineering 

a ews, Vol. 50, p. 60, 1903; and in . The Engineering Record, _— 48, 


Significance —The ‘specific gravity y of cement is 


adulteration and d hydration, | but the sieRiovidion must be i in ‘comer 


Pet. s 4 33 9. —Inasmuch as the differences i in specific gravity a are usuall y ey 


small, great care must be exercised in making the determination. ae Ei 


10. —Apparatus and M ethod. —The determination of ‘specific gravity 
: eS q sists of 4 a flask (D), Fig. 1, of 120 cu. em. (7.32 cu. in.) capacity, the | 
‘en neck of which is about 20 em. (7.87 in.) long; in the m iddle of this 
a. neck i is a bulb (C), above and below which are two marks (F) and (F); 
the volume between these marks i is 20 cu. em 22 cu. in.). The 
ee has a diameter of about 9 mm. (0.35 in.), and is : graduated into —-_— 


11.—Benzine_ (62° Baumé naphtha), or + kerosene from 


im 
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resent in inadmissible p 1 constituents of 
— anhydride, are p ination of the principal ¢ 
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"Affairs. ] SPECIAL COMMITTEE ‘ON TESTS OF CEMENT 
—The specific gravity can be determined in two. ways: 
we ‘The flask is filled with either of these liquids to the lower mark 
and 64 (2.25 oz.) of ‘powder, cooled to the temperature of 
liquid, is gradually introduced through the funnel (B) [the stem of 
which ¢ extends into the» flask to the top of the bulb (C)], , until the 
upper mark (F) is reached. The difference in weight b between 
cement remaining and the original (64 g.) is the weig ht 


= 


a! 


30 cm 


LE CHATELIER S SPECIFIC GRAVITY APPARATUS. 


_(9) The whole quantity: of the is introduced, and the 
level of the liquid : rises to some division of the graduated neck, This 
7 reading plus | 20 cu. em. is the volume displaced by 64 g. of t the powdee. 


— 14—The : specific gravity is then obtained from the formula: 


be) we eight of Cement, in grammes, 
Gravit iy = 


tes 


| 
x 
| 
| 
this 


§ SPECIAL COMMITTEE OF CEMENT 
—The a. during the operation, is kept immersed in water in 


results should agree within | 0.01. ‘The determination of 
gravity should be made on the cement as received; and, should it fall 


below 3. 10 se 

flask ‘is inverted over ra large v vessel, a glass 

Shalem vertically until the liquid starts to flow iti is s then 


eles in cement are practically inert, and it is only the extremely : fine 


= that } possesses adhesive or see qualities. ‘The 1 more — 


place of manufacture is by measuring the 
retained on certain sieves. Those known as the No. 100 and No. 200 
sieves are recommended for this purpose. 


20. —Apparatus. —The sieves should be about 20 cm. 87 
in.) in diameter, 6 em. (2.3 36 in.) high, and with pan, 
:21.—The wire cloth should be of brass wire having the following 


100, 0 0. 0045 in in.; No. 200, 0. 0024 i in. 
Ro eee a —This cloth should be mounted on ‘the frames 1 without distortion; 


eg the mesh should be regular in spacing and be within the following 


es No. . 100, 96 to 100 ‘meshes to the linear inch. 


‘ 


23. —Fifty grammes (1.76 oz. -) or 100 g. (3.52 oz.) be used for 
the: test, and dried at a temperature of 100° cent. Fahr.) to 


24. —Method. —The Committee, after eareful i 
: reached the that mechanical | sieving i is not as or 


is held in one hand i in a alightly i position, and moved forward 
tact Bae Powis backward, at the same time striking the side gently with the palm 
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operation is continued ur ntil not more than one-tenth of 1% passes a 5 
through after one minute of continuous sieving. The residue is 


weighed, then placed on the No. 100 sieve and the operation repeated. 
The work may be expedited by placing in the sieve a small quantity 
7 of large steel shot. i The results should be : reported to the nearest tenth bie 


making the pastes* from which pats, tests of setting, and briquettes ae 


made, is exceedingly affects s vitally 


7A. requisell to reduce the cement to a given state of —— or to what 

—Various methods have been proposed for this 

mination, none of which has been found 


Fig. ), Fig. 2, a movable rod (L), with the | cap at t one end, end, 


= *The term term “ paste”’ is used in this report to designate a mixture of cement nt and water water : 


—The_ use of a proper percentage of _water in 


of the other hand, at the rate of about 200 strokes per minite. ‘The 
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and at the cylinder 1 cm. 39 in. in di diameter, the cap, 


—@. 76 in. 3 in diameter at the base, 4 stn (1. 57 in.) high, ronal a 
giass plate (J), about 10 cm. (3.94 in.) square. 
making | the determination, the of cement as 

will be subsequently used for each batch in making the briquettes, but _ 

less than 500 g., is kneaded into a paste, described in Para- 
graph 56, and quickly formed into a ball ‘with the hands, ‘completing 


ne 


‘tained 6 in. apart; the ball is then pressed into the rubber ring, through 
the larger opening, smoothed off, and placed (on its large end) on a 


glass plate and the smaller end smoothed off with a a trowel; the paste, 


en 


confined i in the ring, , resting on the plate, is. placed under the rod 


bearing the cylinder, which is brought in ‘contact with the ‘surface 
BL —The paste is of normal consistency when the glider pene- 


trates to a point in the mass 10 mm. (0. 39 in.) below the top of the 
= _ Great care must be taken to fill the ring e exactly to the top. a 
: 32. —The trial pastes are made with varying percentages of water 7 


— 
until the correct consistency is obtained. 


Committee recommended, as normal, a paste, 

xy of which is rather wet, because it believes that variations 

in the amount of compression to which the briquette is subjected in 

are likely to be less with such a paste. 
—Having determined i in manner the proper _peremtage 


"percentage ‘Tequired 


36. 

which elapses from the moment water is added until the paste ‘ceases 

to be fluid and plastic (called the ~“nitial set”), and ‘also the time 

for it ito acquire a ‘certain degree of hardness (called the 

: “final” or “hard set”). The former of these is the more important, 

gm a since, with the commencement of setting, the process of crystallization 

— hardening ; is said to. begin. % As a disturbance of this process may 


is a loss of strength, it is desirable to complete the operation of — 


| 
in any desired position by screw carries 
| _ which moves over a scale (graduated to centimeters) attached to 
L | = 
= 
— 
— 
— 
— 
. hss 
TO he 8 very One and althouon the tommitt as a 
— 
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7 and moulding or incorporating the mortar into the 


R 


“a  37.—It is usual to measure arBitrarily the and end 
the setting by the penetration of weighted wires of given diameters. a 
a ia —Method.—For this purpose the Vicat Needle, which has already — 
been described in Paragraph 29, should be used. 
Tn making the test, a paste of normal consistency is moulded 
and ‘Placed under the he rod (L), Fig. 2, as described in Paragraph 30; 
this rod, bearing the cap (D) at one end and the needle (H), 1 ‘oe. 7 
(0. 039 An, ) in diameter, at the other, weighing 300 g. (10. 58 oz. 7 
“needle is then carefully brought in contact with the surface of the 


40.— —The setting is said to commenced when ceases 
to pass a point 5 mm. (0. 20° in. ) above the upper surface of the _ ;: 


not 


“a 41 —The test pieces s should be stored in moist air ~~ the test; — 
this is accomplished by “placing them on a rack over water contained — 
in a pan and covered wit ith a damp_ cloth, the cloth to be kept away 
from them by 'n means of a wire screen; or they may be stored i in a moist 
42.—Care should be taken to keep. the collec 
tion of cement the sides of the needle retards the “penetration, 
while cement on the point reduces the area and tends to increase e the 
48. —The determination of the time of setting is s only approximate, a 
“bohaes materially affected by the temperature of the mixing water, the 
_ temperature and humidity « of the air during the test, the percentage of es 


water used, and the amount of moulding the paste receives. aia 


—The Committee 1 recognizes the objections to the standard 
‘< quartz now generally used, especially on account of its high ‘percent- _ My 
_ age of voids, the difficulty of compacting in in the moulds, and its | lack of pa = cd 
uniformity; it has spent much time in investigating the various s natural Ae J 


which appeared to available and suitable for use. 


e natural sand 
from Ottawa, screened pass a sieve having 20 meshes per linear 
inch and retained | ona sieve having 30 meshes per linear inch; the © 
wires to have diameters of. 0.0165 and 0.0112 in., respectively, i. a é 
half the width of the opening in each case. | Sand | having passed the 


No. 20° sieve shall be considered standard when not more than 1% 


passes a No. 30 sieve after one minute's continuous sifting of a a 500- 


“a 
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46. —While the form of the briquette ‘recommend ed by former 


- Committee of ‘the Society is not wholly ‘satisfactory, this Committee _ =, 


= prepared to suggest any change, other than | rounding o: off the 


he 


“he 


BRIQUETTE. 


—The be made of brass, bronze, or some ‘equally 
non-corrodible material, having sufficient metal i in the sides. to ‘Prevent 


4 


—Gang 1 moulds, which p moulding a number of 
one ne time, are b 


ie 

+ 


; 


— 
— 
7 
| a 
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—All proportions should be stated by 


cS to be used should be stated as a percentage of f the dry material. a 


_ 51—The metric system is recommended because of the convenient = 
‘relation of the gramme and the cubic centimeter. 


near 21° cent. (70° Fahr. ) as it is practicable to it. 
53.—The sand and cement should be thoroughly mixed dry. ‘The 
mixing should be done on some non- absorbing surface, preferably plate 

the mixing must be done on an surface it should 


55.—The Committee, after investigation of of the various 
decided ‘not to recommend any machine that has 
thus far been devised, for the following Teasons: ict 
(1) The tendency of most cement is to “ball up” in the machine, 


into the by t the aid trowel. 
i absorbed, which should not require more > than one , minute, the 


quantity — 

formity im the results. e type shown in Fig. 4 1s recommende 
49-The moulds should be wiped with an oily cloth before using. 

i 
4 
§ 
— 
d 3 
— 
56.—Method—The material is weighed and placed on the mixing 
table, and a crater formed in the center, into which the proper 
4 
nally 
1ettes additional one minute, the process being similar to that used in knead- 
— ient guide for the time of 
eater dough. A sand-glass affords a convenient guide for — 


kneading. 


—Having worked the paste or mortar to. the proper consiste ency, 
‘it is at once placed in the moulds by hand. Sais a ee 
«8. —The Committee has | been. _ unable to se secure e satisfactory results 
with the present moulding machines; the operation n of machine mould- 
ing is very slow, and the present types permit of moulding but one 


briquette at ten and are not practicable with the pastes” or mortars 
«9. —Method. —The m moulds should be filled immediately after the 
“mixing is completed, the material pressed in firmly with the fingers and : 
- gmoothed off with a trowel without mechanical ramming; the material 
_ should be heaped up on the upper surface of the mould, and, in smooth- — 
ing off, the trowel should be drawn over the mould it in such a manner 
as to exert a moderate pressure on the excess material. The ‘mould 
should be turned over and the operation repeated. Wiles 


—A check upon the of ‘the mixing and | moulin 


62.—A moist closet or chamber is so easily that use 
“the damp cloth should be abandoned if ‘possible. Covering the 
pieces with a damp cloth is objectionable, as s commonly “used, because 
si the eloth may dry out unequally, and, in consequence, the test” pieces 


not all maintained under the same condition. ‘Where a moist 


immersing the ends water. be kept from direct contact 
with _— test pieces by means of a wire | screen or some similar arrange- 

“a lined wooden box—the metal lining being | covered with felt and this 


- — kept wet. — The bottom of the box is so constructed as to hold — 


water, and sides are provided with cleats for holding glass shelves 
2 ae on which to place the briquettes. p- ‘Care should be taken to keep the air 

in the closet uniformly moist. 

mi 64. —After 24 hours in moist : air, the test pieces for longer ‘periods — 


: ‘of time should be immersed in water maintained as near 21° cent. a 


(70° Fahr.) a as practicable; they n may be: stored i in or pans, 
should be of non-corrodible material, 
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tests may on any standar machine. 
metal clip, as shown in Fig. 5, is 
recommended. This clip” is to be 
j used 1 without cushioning at the 
points of contact with the test 
“specimen. The bearing at each 
point of contact should be 
ae and the distance between the 
center of contact on the same clip 
66.—Test. pieces should 
broken’ as soon as they are vias 7 
‘from the water. Care should be 
observed centering bri- 
quettes in the testing machine, as 
_eross- strains, produced im- | One 
‘proper centering ‘tend to lower 
the breaking strength. The load 
- should not be applied too suddenly, 
as it may produce vibration, the 
shock from which often breaks the 
is reached. Cc are must be 


Ww ould prevent a good bearing. , The 
—t load should be applied at the rate 
of 600 Ib. per min. The average 
of the briquettes « of each 
tested should be taken as the test 
any results which are manifestly 


Constancy or VOLUME. 


cance. —The object is to develop those which 
the strength and durab ility of a cement. As it is 


y highly essential to determine such qualities at. once, tests of this char- 
acter are for the most part made i in a very short time, and are known, _ 
_ therefore, as accelerated tests. Failure is revealed by cracking, check- ol 
ce ing, swelling, or disintegration, or all of these phenomena. A cement ~~ 
_ which remains perfectly sound is said to be of constant volume. — fer 
—M ethods.—Tests for constancy of volume are divided into” 
; two classes : : (1) normal tests, or those mode: in either | air or water 
anita’ at about 21° cent. (70° Fahr.), and (2) accelerated tests, 
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RATUS FOR MAKING ACCELERATED TEST FOR SOUNDNESS 


vy Copper 


on 
N TESTS 


ber stopper | 


A 
~ 


‘Shelf to be made of ¥, gal 


wire formed on a rim piece of 
izeofmesh¥ 


Flexible rubber tube 


\ 
\ 


= 


- Boiler'to be mad ng 22 oz. per sq..ft., tinned inside 
aie a ms to be lapped where possible.Hard solder to be used only © 
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or those made in air, steam » or water at a enenctein - 45° 
‘Fahr.) and upward, 


©. 49 in.) thick at the and tapering to a edge, should 
‘made, upon a clean glass plate [about 10 cm. 94 in.) equare], 
from cement paste of normal consistency. 


70. —Normal Test. —A pat is immersed in water maintained as near 
oe cent. (70° Fahr.) as possible for 28 days, and ¢ observed at intervals. 7 re 

A similar ‘pat, after 24 hours i in moist air, is maintained in air at — 


ordinary, temperature ‘and observed at intervals. 
By 1— —Accelerated Test. —A pat is exposed i 


in any convenient way | in Base 
an atmosphere of steam, above boiling water, in a loosely closed vessel, 


for 5 hours. _ The apparatus recommended for making these | /determina-— 
tions is shown Fig. 6. 


12.—To pass these tests satisfactorily, the p ats should ren remain 
firm and hard, and show no signs of cracking, distortion or disinte- ee 
gration. 


—Should the pat leave the plate, distortion may be detected best 


with a straight- edge applied to the s surface which was in contact with fe 
a —In the present state » of our knowledge it car cannot be said that © 
cement should necessarily be ‘condemned simply for failure to | pass the eS 


— tests ; nor can a cement be considered entirely satisfactory a 


and 


the changes have since gested to time. 


Matters under investigation, therein referred to, have 


The determination of the size, and shape of grai 


ins 
“necessary for uniformity in Standard Sand; 


The form of briquette ar and clips to be used in roe and a 
form of test pieces in ‘compression tests ; 


a (3) The proper method ¢ of making compression tests ; 


(4) The determination of the | proper of water 


or use 
im sand mixtures ; 


The best method for the 4 of soundness or con- 


AS; 
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— 
" 
iim 
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named subjects at this time. 
confident that it will be able to present a report at the nt er 
Meeting, and asks to be continved. 
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TO rue ANNUAL ARY 200K, 1909. 
This Report has not yet been Placed Boetore By 
the Society. _ Its Discussion has: been made an | Order of Business for 
the Next. ‘Annual Gonvention, July 6th. oth, 1 1909, and Written Com- 
a a concerning it Received Before that Date, will be Published 
‘ Proceedings” to Publication are 


d. 
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Special Committees were appointed by the American Society, of 
Civil E ngineers, ‘American Society for ‘Testing Materials, American 
Railway Engineering and Maintenance of W ay Association, and the | 
Association ‘of American Portland Cement Manufacturers, for” the 
of investigating current practice and providing definite in- 
formation concerning the properties | of ‘conerete and reinforced con- 
crete ¢ and to recommend necessary factors and formulas required in K 
the design of structures in which these materials are used. 
(At the Annual Convention of the American Society of Civil: 
Engineers held at June 11th, 1903, the foll owing 
a is the sense of 7 that a a Special Committee be ap- a 
pointed to take up the question of conerete and steel-concrete, 
that such ‘committee co-operate » with the American Society for Test- a> 
ing Materials, and the American 


tenance of Way Association. 
firs 


on May ‘des Meeting, held 18th, 1908, 
ihe title of this special committee was, at the request of the Com- © 
“mittee, changed to “Special Committee on Conerete and Reinforced © 


At the annual m eeting of Society for Testing 


held July Ist, 1908, at the Water Gap, the following 


_ bility of appointing a | committee on “Reinforced Concrete,” with a 
view of co- with the of other societies in the 


At the meeting of the Executive Committe of that “Societ 


December 5th, 1903, a special | committee on “Reinforced Concrete” 
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‘instructions, as a part of its duties, to prepare con-— 
crete masonry. A preliminary ‘set of, specifications 
cement concrete was reported to and adopted by the Association on 
March 19th, 1903. the meeting held in Chicago on March 17th, 
1904, the Committee on Masonry ws as authorized “to co- -operate with 
the Special Committee on Concrete and Reinforced Conerete of ._ 


the 


several committees “through of the 
mittee on Concrete and Reinforced Concrete. Mr. C. C. Schneider 
elected temporary chairman and Professor ALN. Talbot was 
elected temporary secretary. The ‘proposed plan of | action of the 
Special committee of American Society Civil Engineers was 
outlined, involving the | appointment of subcommittees on Plan 
n Tests, and on Ways and Means. 
S schne 
ee Committee of the American Society of Civil Engineers, were 
elected. permanent Chairman: and Secretary of the Joint ‘Committee 
on Conerete and Reinforced Conerete. Mr. Emil Swe ensson was 


ider and Mr. Schaub, as Chairman and Secretary of > 


Vice- 


ME 
Civil “Special Committee « on Concrete 


Greiner, J. E., and Ohio Rail- 


University, | 


Humphrey, L. Consulting: Engineer, Engineer in 
= Charge, Structural Materials Testing Laboratories, U. S. Geo- 
_ logical Survey, Philadelphia, Pan 
Lesley, R. W., President, American Cement Company, Phila- 


Consulting Engineer, Chie: 


American Railway Engineering : 
il 
aye 
— 
— 4 
— 
— ¥ ial committees representing 
— a meeting of the several ic City, N. J., June 
— gocieties, held at Atlantic Sity, N. J.. 
above-mentioned societies, | 
— 
— 
— 
— 
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Schneider, C. C., Consulting Engineer, Philadelphia, Pa. 
Swenson, Emil, Consulting Engineer, Pittsburg, 
nd Talbot, A. N., Professor of Municipal and Sanitary Engineering, — 
Charge of Theoretical and Applied Mechanics 
4 
Worcester, Consulting Engineer, Boston, Mass. 


American, Society: for (Committee on Reinforced 


Fuller, William B., Consulting Engineer, New York, N. Y. 
- Heidenreich, E. ‘Lee, Consulting Engineer, New York, N. Y 
Humphrey, Richard Consulting Engineer, Engineer 
Charge, Structural Materials Testing Laboratories, U. 8. 
logical Survey, Philadelphia, Pa. 
Johnson, Albert L., Consulting Engineer, St. Louis, Mo. "oe : 
Lanza, Gaetano, Professor of Theoretical and Applied a 
Massachusetts Institute of Technology, Boston, Mass. 
a Lesley, R. W., , President, American Cement Company, Philadel- 
a Marburg, Edgar, Professor of Civil Engineering, University of — 
Pennsylvania, Philadelphia, Pan 
4 Mills, Charles M., Principal © Assistant Engineer, Philadelphia 
Rapid Transit Company, Philadelphia, Pa. 
 Moisseiff, Leon S S. Assistant Engineer, Department of Bridges, Pe 
Quimby, Henry H., Assistant Engineer of Bridges, Bureau of ; 
Taylor, W. P. , Engineer in Charge of Testing Phila- 
Thompson, Sanford E., Consulting Engineer, Newton Highlands, 


‘Turneaure, F. E, of of Mechanics and Engineer- 


Webster, C hief Engineer, of Survey, 


American Railway and Way Association 
(Subcommittee on Reinforced Concrete) : 

Boynton, C. W., Tnspecting Engineer, Universa 

A. 0., C hief E tngineer, W abash Railroad, § 


Swain, George F., Professor of Civil ‘Engineering, Massachu- 


setts Institute. of Technology, Boston, Mass. 


of American Portland Cement Manufacturers 
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REPORT SPECIAL co OMMITTEE ON CONCRETE 


Edward M. Universal Portland Cement 


The report, herein presented, embodies the present jodement of the 


IL. ITY CoNncRETE AND REINFORCED CONCRETE. 


ee T hie adaptability of concrete and reinforced concrete for engineering 
_ structures, or parts thereof, i is now so well established that it “may be 
"considered one of the recognized materials of construction. It on 
Proved to be a w hen for those 


‘sustaining but tensile deformations without rupture; 
value as a structural material depends chiefly upon its. durability, its 
- -§ fire- resisting qualities, its strength in n compression and its relatively 


cost. “Its s strength increases generally with age. 
Plain concrete or massive concrete is well adapted for. 
ms forms in which the principal stresses are compressive. _ These include 
foundations, dams, retaining and other walls, piers, abutments, : short | 
columns and, in many cases, the design of massive concrete, 
~ the tensile strength of the material men generally be neglected. a 
| the use of metal reinforcement to resist the principal sii 
stresses, concrete becomes: available for general use ina a great variety 
of structures and structural forms. _ This combination of concrete and 
metal is particularly advantageous i in the e beam, where both 1 compression 
and | tension exist; it is also advantageous in the column, where the 
“main stresses are compressive, but where cross- bending may exist. In 
structures resisting: lateral forces. it ‘possesses advantages over plain 
_ concrete in that it may be so designed as to utilize more fully the 


Failures of reinforced concrete structures usually due to any 
one or a combination of the following ¢ causes: defective design, poor 

defects in a design may be many and various. The computa-— 

and assumptions on which they are based may faulty and 
the established principles of statics and mechanics; the 


— stresses used | may be be excessive, or the details of the —_— defec- 
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The "design of reinforced concrete structures should receive at at 
least the same careful consideration as those of ; steel, and. only engineers. 
ith sufficient experience and good judgment should be intrusted with © 


— computations should include all minor t de tails, w which are some- 


“connections. betw een the component so that cannot 
placed. As the connections between reinforced conerete_members are 
_ frequently a source of weakness, the design should include a detailed 
study: of such connections, “accompanied by computations prove 
7” The use of high unit stresses, approaching the danger line, is . 
defect in the design of reinforced concrete structures. 
Articulated conerete | structures, desig ned imitation of s pine 
trusses, may be mentioned as illustrating a ammeneed use of rein- 


i Poor material is sometimes used for the concrete, as well as for ir 
reinforcement. T he ui use concrete is due to a 


An unsuitable quality of steel for is sometimes p pre- 
scribed in specifications, for the purpose of reducing the cost. For 
= structures, a of material is while the ‘steel 


tributed to unintelligent or insufficient supervision. 
Ww hile other e1 engineering g¢ structures, ‘upon the safety of which om 
lives depend, are generally d designed by engineers employed by the 
. "owner, and the contracts let on the engineer’s design and specifications, 
in accordance with legitimate practice, reinforced concrete structures 
frequently designed by contractors or by 
interested, and the contract let. for a lump sum. 
_ The The construction of buildings in large cities is regulated by  ondi- 
nanees building laws, and the work i is inspected by municipal 
authorities. reinforced concrete work, , however, the limited 
inspectors are able to give ds not suf- 


= 


= Responsibility ‘and Supervision. 


‘The execution of the work should not be separated from the de 


Sign, since intelligent supervision and successful execution can be 


Bbvpares only when both functions are combined. T he engineer who 
os the design and specifications | should. therefore h have the sais 
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a. Before is ‘complete sh tall 
specifications, static computations and descriptions 
showing the general arrangement and all details. T he static computa-_ 
tions 1s shall g give the loads assumed separately, such as dead and live 

loads, wind and impact, if any, , and the resulting stresses. 


The shall state the qualities of the materials to be > 


ties shall not relieve the engineer nor the contractor of responsibility. 
Inspection. during construction shall be made competent 
spectors employed by, al 


1. The materials. 


3. The sizes, shapes and arrangement of the 
q 


_ 4, The proportioning, mixing and placing of the concrete. 
‘The strength of the tests of standard test 
Whether the concrete is sufficiently hardened before 


7. Prevention of injury to. ‘any part « of the structure by 
y 


after the removal of the fi forms. 


8 Comparison « of dimensions of all parts of the 


wil, 


= ‘there i is reasonable that the Ww work has not 
performed, or that, through influences of some kind, the strength has 
‘been impaired. — _ Loading shall be carried to such a point that twice me 


a. Corrosion of Metal 
proved that steel embedded in will not corrode, no mat- 


ter whether located above or below fresh or s Be ts the 
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reinforced concrete. for the purpose of fixing the responsibili y a 
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The strength which the cone | 
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hardened it satisfactorily resists such action, 


Affairs.] COMMITTEE ON CONCRETE 


conerete is porous, so as to be readily permeable to water, r, as, where 
the concrete is laid with very dry consistency, the metal may be 


corroded in the pre presence of moisture j= = 
Electrolysis.—Th here i is little accurate information available as t to 
Pag 
the effect of electrolysis on concrete. The few experiments that 
available seem to indicate concrete be the 


leakage of _electr ‘ical 


structures subject to the action of electrolysis, in which the metal and © 
concrete are in perfect condition, would seem to indicate | that the de- So. 
str uctive action reported was due to abnormal conditions which do pe 
Water—The available concerning the effect of si sea 


tegration prove at to be due entirely to ‘ea water. he 
that has been reported manifests itself in a number of 1 ways; in some 
eases the mortar softens and crumbles ; in others, a crust forms which 
in time comes off. Ais It has been found, however, that where concrete is 
proportioned in such a way as to secure a maximum density and is 


mixed thoroughly it makes an i impervious concrete, upon which 
water has apparently little effect. ioe Sea- walls have been standing for 
considerable lengths of time without apparent injury. _ In many of our | 
harbors where the water has been rendered brackish through ‘the rivers - 
discharging — into them, the action that has been reported has been at | 


the water line and was probably due in part to freezing. 
oe _d. Acids. —Concrete of first-class quality, thoroughly hardened, is 
affected appreci iably only | by ‘strong acids Ww yhich seriously injure other 
materials » A substance like manure, because of the acid in its compo- 
is injurious to green ‘concrete, but after the conerete has thor-— 
Oils—When concrete is properly made and the surface -care- 
— fully finished and hardened it resists the action of such oils as petro- i 
leum and ordinary engine e oils. _ Certain oils: which contain fatty acids 
appear to produce 1 injurious effects. 4 
f. Alkalies. —The action of alkalies concrete is. problematical. 
In the reclamation of arid land, where the soil is heavily charged : 
with alkaline salts, it has been found that concrete, stone, brick, iron 
: and other materials are injured © under certain conditions. It would © 
seem that at the level of the ground- -water § such structures are i . 
tegrated, possibly due in part to the effect of formation of crystals re- 


sulting from alternate wetting. eying: of the | of ‘the 


use of an 
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_ i knowledge of the properties | of the materials entering into con- 
 erete and reinforced concrete is the first essential. The importance of | 
- the quality of the mater ials used cannot he over-estimated, and, not only 
the cement, but also the aggregates, should be subject to such definite — 


requirements and tests as will insure a concrete of the ‘required quality. e 


Cement. 


purposes, Portland, 


proportioned argillaceous and. ‘calcareous It has 
chemical composition varying within comparatively n narrow limits. ae 
Portland cement should be used in reinforced concrete construction 


Natural Cement is the finely pulverized product resulting from 
calcination of an -_argillaceous limestone at a temperature only 
sufficient to drive off the carbonic acid gas. While the limestone must 
a certain composition, , this composition may vary in n much wider 
limits than in the case of Portland cement. Natural cement does. not 


de 
pit. the use of Natural « ‘cement ‘and a leaner mixture of Portland 


al Gott 
work; it be only for under- 
ground \ where it exposed to air or running water. 


‘lle Specifications. The cement should meet the requirements of 
eae! Specifications for Cement (see Appendix, p. 108). A number 


a societies have been working ng on methods for testing , and ‘specifica- ; 


tions for cement. The best practice seems to be represented in the 
34 standard methods o: of testing and specifications for cement which are 


the result of the joint labors of Special Committees of the American — 


Society of Civil ‘Engineers, “American Testing Materials, 


— 
il 
— 
There are available, for construction 
Puzzolan or Slag cements. Only P 
Portland Cement is the finely nulverized nroduct resulting from 
— 
— 
— 
— tom 
4 
— ee Natural cement may be used in massive masonry where weight 7 _ 
from grinding a mechanical mixture of granulated basic blast-. 
sag and hydrated Hine 
— 
— 
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American Railway | Engineering and Maintenance ay, 
merican of Architects, , and others. 


-eare should be in the aggregates 

mortar and. concrete, and ¢: careful tests made of the materials for the 

Purpose | of determining their qualities: and the grading necessary to 

secure maximum density* or ‘a minimum percentage of voids. 
Fine Aggregate consists of sand, crushed | stone, or gravel screen- 

ings, passing when dry a screen -in. diameter holes. It should 

_ be preferably of silicious material, clean, coarse, free from vegetable 
loam or other deleterious matter. 


A gradation the to generally 
Mortars composed | of one part Portland cement and three parts | fine 
aggregate by weight when made into briquettes. should show a tensile 
strength of at least 10% of the strength of 1:3 mortar of the same 
consistency ma made ¥ with the same cement and standard Ottawa sand. : 
Coarse e Aggregate consists of inert material, such 
pang 
stone, or gravel, which is retained on a screen having - j-in. 
holes. The particles should be clean, hard , durable, and free from all 
material. Aggregates containing soft, flat or elongated par- 


aggregate may be such as to. pass a 3-in. reinforced 


= to pass a 1- in. ring, or a smaller size, may be used. 


- Cinder concrete is not suitable for reinforced concrete structures, spe 


and may be safely used only i in mass for very light loads or for fire- 


__ Where cinder concrete is permissible, the cinders used as the coarse 
aggregate should be ‘composed of hard, clean, vitreous clinker, free 


om sulphides, unburned coal, or 


34 = * A convenient coefficient of aaa’ is the ratio of the sum of the volumes of materials 
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‘ment, “steel filling the of adopted 
the | American Railway Engineering a and Maintenance of Way Associa- 


vere! For the reinforcement of ‘slabs, smali beams, or minor details, or for 
the p prevention of shrinkage cracks where v wire or small rods are. ‘suit- 
ws able, material conforming to the requirements of either segnemrwgueall 
fm A or B given in the Appendix (pages 113 and 114) may be used. oe 
_ The reinforcement should be free from rust, scale, or coatings “a 
any character would to reduce or destroy the bond. 


IV. PREPARATION AND Pt ACING OF Mortar AND CONCRETE. 


‘The: paren to be used in concrete should be carefully selected, 
= of uniform quality, and proportioned with a view to ee as oe 
Measure.—The unit of measure should ‘the barrel, 7 


ing 94 Ib. “of cement be ‘the 
one barrel. Fine and coarse aggregate should be 
thet 


a: Relation of Fine and Coarse Aggregates.— —The fine and coarse 
pesos should be used in such relative proportions as will insure 
maximum density. Ih unimportant work it is sufficient to nt to do this by 
individual judgment, using correspondingly higher proportions of 
-eement; for important work these proportions should be oe 
determined by density experiments, and the sizing of the fine and 
coarse aggregates should be uniformly maintained, or the ‘proportions 
¢. Relation of Cement and Aggregates. —For reinforced 


eonstruetion, a density proportion based on 1:6 should generally be 


used, i. e., one part of cement to a total of six parts of fine and coarse a. 
In columns, richer mixtures are. often required, while for massive 
masonry or rubble concrete a leaner mixture, of 1:9 or even 1: 12, may : 
be used. proportions should be determined by the strength or 
wearing qualities required in the construction at the critical period of 
ae its use. _ Experienced judgment based on individual observation and 
tests of similar conditions in similar localities i is the best guide as to 


The ingredients of conerete » should be thoroughly to 


2 sired. consistency, and the mixing should continue until the cement 
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CONCRETE 
wise 
‘is sii distributed and the mass is uniform in ¢ eolor. and Si 
geneous, since the maximum density and therefore | the greatest strength - 
ofa a given mixture depends largely on . thorough an and ‘complete m mixing g. ad 
“ee! Measuring Ingredients. —Methods of measurement of the pro- 


of the v arious in ere edients, including the water, should | be 


Be b. Machine Mixing. —Ww hen the conditions will | pern nit, a machine — 


mixer of a type which insures the uniform of the mate- 
‘rials throughout the mass should be used, since a more thorough and © 


“uniform consistency can be thus obtained. 


a a Hand Mixing.— —W hen it is necessary to mix by hand, the mixing 


should be on a water- tight platform, and especial pees: should be 
_ taken to turn the materials until they are hor omogeneous in appearance _ 


"Consistency. > materials should wet enough to pro- 


duce a concrete of : such a consistency | as will flow into the forms and 
about the metal reinforcement, and, at ‘the same time, can be conveyed 
from: the mixer to the forms without separation of the coarse aggregate 
-Retempering- —Retempering mortar or concrete, @., , remixing 
with water after it has partially set, should not be: permitted. 


a Concrete. 
—Concerete, after the addition w water to the mix, 


should rapidly, _and in as s small as is 


cement should be time is 
likely to oceur between mixing and final placing. are 
- The concrete should be deposited in such a manner as: will permit t 


“the: “most thorough compaeting, such as can 


all the ingredients have | in proper by gravity 

the surplus water has been forced to the surface. Pte hee eS 
In depositing the concrete under water, special care should be exer- fe i. 
¢€ ase to prevent the cement from being floated away, and to prevent the : ae 


faces on n which to fresh concrete. 7 Laitance is formed in both 
ite and water, and ‘before fresh 


by the concrete is free from débris. the of the 


crete is suspended, all necessary grooves for 3 joining future work should : 
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ete, care should be taken to see that the 
nent 
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When work i is resumed, concrete previously placed should be 
ened, thoroughly cleansed of foreign material and laitance, drenched 
and sheibel with a mortar consisting of one part Portland cement and 


The faces of concrete exposed to premature drying ‘should be kept 


Freezing Weather.—Conerete for reinforced s structures 
be mixed or deposited at a freezing temperature, unless special 


precautions a are taken to the use of materials frost or or 


met: Rubble Concrete-—Where the concrete is to be deposited in mas- 
give work, its value may be improved and its cost materially reduced 
through the use of clean stones thoroughly embedded in the conerete_ 


as near as is possible and surrounded by conerete. “4 


ee time for removal of forms is one of the most important steps 
n the erection of a structare of concrete or reinforced concrete. Care 
rant be taken to inspect ne and | ascertain its hardness before 
many ¢ conditions affect the of concrete that the proper 
time’ for the removal of the forms should be decided by some com-— 
ae  petent and responsible p person, especially where the nes condi- 
in tension reinforcement is neces- 
sary to ‘Splice the reinforcing bars, the length of lap shall be deter- 
mined on the basis | of the sa fe bond stress and the stress in the bar at 
the point of splice; or a ct connection _— be made between the bars of 
sufficient strength to carry the. stress. -Splices at points of maximum 


stress should be avoided. In lares bars should be properly 
butted and as small bars may be treated as indicated for tension 


bi 


for lovee bars or structural forms, 
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s desirable to cast t 
entire structure at one operatic nis 1s not always possible. 
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pecially in large structures, it is necessary to stop thew ae ‘some 
convenient point. This point should be selected so that the resulting 
joint may have the na — effect on the strength of the structure. . 


at this point, “the joint should be offset a distance equal | to twice the 
width of the beam; that the joints: in the members of a floor system | 
should in general be made at or near the center of the span. fe ae ae 
a Joints in columns should be perpendicular to the axis of the column, — 
in girders, beams and floor slabs the of 


2. ‘Shrinkage. | 


ould never be constructed over freshly formed —colu 


Ww ork, the top of the column should be thoroughly denied of foreign 
matter and laitance. If the concrete in the column has become hard, 

‘the top should.also be drenched and slushed with a mortar consisting 


of one part Portland | cement and not more ‘than two ‘Parts fine agere- 7 


. Temperature Changes. 


Got is sensitive to temperature changes, and it is necessary to 
take this fact into account in designing and erecting concrete struc- 


The frequency of these joints will depend, first, upon. ‘the 
range of temperature to which concrete will be subjected; second, - upon 
the quantity and position of the reinforeement. These points should 
be determined and provided for in the design. In m massive work, such 
as retaining walls, abutments, ete., built without reinforcement, , joints 
should be provided, approximately, every 50° ft. throughout the —. 


of the structure. To against the structures thrown out 


= but experience, iugithiee with the results of tests so far a. 
indicate that concrete may be safely used for fire- proofing eal 
~ Conerete itself is incombustible and reasonably proof against fire when 


4 
with the iower side of the girders; that the joints 1 Tr 
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Fora a ya ha covering, these same materials may be used, or lean 
io burned cinders may be substituted for the coarse ageregate. 
‘The low rate of heat conductivity of concrete is one reason of its 
value for fire- proofing. _ The dehydration of the water of ee 
of concrete | probably begins at about 500° Fahr., and is completed at 
about 900° Fahr., but experience indicates that the volatilization of 
eat absorbs heat from the surrounding mass, which, together x 
= resistance e of the air cells, tends to increase the heat resistance of 


4 
It is recommended that in monolithic concrete columns, the con- 


crete to a depth of 14 in. be as and 
inclu ded in the effective section. 


The thickness of the protective coating upon 
a probable duration of a fire which is likely to occur in the structure, and 


should be based on the rate of heat conductivity. ‘The question of the a 
conductivity of concrete is one which requires further study and 


vestigation before a definite rate for different classes of concrete can 
be fully established. However, | for ordinary conditions it is recom- 


mended that the metal i in girders and columns be protected by a mini - 


in. of concrete, and that the metal in floor slabs be 
_ protected by a minimum of 1 in. of concrete. 
. Bi is recommended that the corners of columns, girders and beams" 


an ; be beveled or rounded, , as a sharp corner is more seriously affected by 
expedients have been used to impervious to 
water under normal conditions, and also under pressure conditions that 
exist. in reservoirs, dams, and conduits of various kinds. Experience 
eee shows, however, that where mortar or concrete is | proportioned to obtain 
the greatest practicable density and is mixed to a rather wet consist- 
ency, t the resulting mortar or concrete is impervious under ordinary 
: conditions. — A concrete of dry consistency is more or less pervious to 
water, and of various kinds have been mixed with the con 
—_— or applied as a wash to the surface for the 1 purpose of making 
water-tight. Many of these compounds are of b but temporary value, 
in time lose their power of of imparting to con- 
the case of subways, long r retaining walls, leakage 
cracks may be prevented by horizontal and vertical reinforcement, 
bs 
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Such reinforcement distributes t the stretch due ‘to contraction 
settlement so” that the cracks are too minute to permit or 
Asphaltic or coal-tar preparations, applied | either or as 
ne coating on on felt or cloth fabric, are used for water- -proofing, » and shor uld | 


be proof injury by liquids or gases, = 


Surface Finish. 


al 


requently he 
‘iin ‘a the boards and the flat dead ‘surface a are hate and make 
some special treatment desirable. A treatment of the surface which 
removes the film of mortar and brings the coarser particles of the con- 
“erete into relief is frequently used to remove e the form markings, 
break the ‘monotonous appearance of ‘the surface, and ‘make it more 
pleasing. Plastering of. surfaces should ‘be avoided, for the other 

methods of treatment are more reliable and usually much more satis- 
factory. _ Plastering, even if carefully applied, is likely to peel off under 
the action of frost or temperature changes. 


VII. . Desiey. 


be taken of the tensile strength of the sections 


should 1 usually be so ) proportioned : as to avoid tensile stresses. si ‘This will 
generally be accomplished, in the case of rectangular : shapes, if the line | 
of ¥ pressure is kept within ‘the middle third of the section, but in very 
large structures, such as high masonry dams, a more exact analysis may 
he required. Structures | of massive concrete are able to sn eel 
balanced lateral forces by reason of their weight, hence the element of rg 
weight rather than strength often determines the design. ‘Telatively 
cheap and weak concrete will therefore often be suitable for “massive 


conerete structures. Owing to its low extensibility, contraction due 


5 


to hardening and to temperature changes requires special consideration, 2? 
and, except in the case of very massive walls such as dams, it is desira- 
ble to provide joints at interv als to localize the effect of such, ‘contrac: 


self is im- 

in 

problems connected with the use of concrete is the character of the 
q finish of exposed surfaces. The finish of the surface should be deter- — = " = 
: & mined before the concrete is placed, and the work conducted so as to = = 
make nossihle the finish desired War many forme of annctriuction the _ 
be 
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sions of the structure its degree of exposure. 


Massive concrete may well be used for piers and short columns, | 


central sopleation of of the load i is assured, a higher value may 
“se 


the use of metal reinforcement to the tensile 


is particularly advantageous i in the ongh both 

7 and tension exist; it , is also” advantageous in the column, where the 
ae: main stresses are compressive, but where cross- bending may exist. The 
A theory of design will therefore relate mainly — analysis of beams 


and columns. 


and fixed loads and forces. 

lo 2. The live load, or the loads and forces which are va ’ 

naa he dynamic effect: of the live load will | often re require con- 

sideration. Any allowance for dynamic effect is 

preferably taken into account by adding the desired 
amount to the live load. or to the live-load stresses. The 4 

orking stresses recommended are intended 

= to apply to the equivalent static stresses so _ determined. a 

In the case of high buildings the live load on columns 


‘may be reduced in accordance with the usual practice. ¢ 
‘ie b. ee of. Beams and Columns. —The span length for beams many 
slabs shall be taken as the distance from center to center of supports, 
3 a Se but shall not be taken to exceed the clear span plus the depth of beam 


slab. Brackets shall not be considered as clear i 
The length of columns shall be taken as the 1 maximum _unsupporte 


asis -_ealculations relating the 
strength of of struetur es, “th f following assumptions are recommended 


stresses and safe loads rather than with reference to ulti- 
strength and ultimate loads, 
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The modulus of elasticity of concrete in ¢ compression, within 
the usual limits of working stresses, is constant. The 

— distribution of compressive st1 stresses in beams is therefore — 


In calculating the ‘moment of resistance of 
tensile stresses in the concrete shall be e neglected 
f 5. Per fect adhesion i is assumed between concrete and 1 reinforce- 
ment. Under « compressiv ve stresses the two materials 
are therefore stressed in proportion their moduli of 
a 6. The ratio of ‘the modulus of iii of steel to the modu- 
jus of elasticity of concr ete may | be taken at 


Initial stress in the ‘reinforcement due to contraction 0 


data. are given in n the interest 
re uniformity, and variations from exact conditions | are 
taken into account in the selection of formulas and w wwiibions stresses. 

i For calculations ‘relative to deflections, the tensile strength of the 
concrete should be taken into account. — For such calculations, also, = 


value of 8 ‘to 12 for the ratio of the moduli corresponds more > nearly 
to the actual conditions ar and | may well be | used. — 


4. Tee- 


is p to the beam, should be 
used extending over the beam and well into the slab. eae et Pe 
_ Where adequate bond | between s! slab a1 and web of beam i is provided, the se 
msi: tb m may -be considered as an integral pa: part of the beam, but its ‘effective — a is 
width shall be determined by the following rules: 


a. It shall not exceed one- fourth of the | length of the 


n in 


orted 


ration should be. 


‘Floor slabe should be designed as continuous 
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the entire load should be | carried by 
we 


will not be uniformly distributed to 
and may be assumed to vary in accordance with the ordinates of a tri- 


moments in the beams should be calculated accordingly. 4 
Continuous Beams and Slabs. 

W When the. beam or slab is continuous over its supports, a 


should be fully provided at points of negative moment. In 

puting the positive and negative moments in beams and slabs con- 

tinuous over several supports, due distributed the 

following rules are recommended: 


loads, 


port ‘for interior spans be taken nd for 
it be taken at for center adjoining 


In the case of beams continuous | for two spans or 
of ‘spans of unusual length, more exact calculations | should be made. 
Special consideration is also required in the case of concentrated loads. 
Where beams | are reinforced on the compression side, the steel 
ay be assumed carry its” proportion of stress in accordance with 


s, ery, * The exact distribution of load on square and rectangular slabs, supported on four sides — 

and reinforced in both directions cannot readily be determined. The following method of : 
calculation is recognized to be faulty, but it is offered as a tentative method which will ll 

em results on the safe side. The distribution of load i is first: to be determined by the formula * 
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the provisions of Chap. VIL, Section 3, 7 % paragragh 6. In the case 
continuous yd tensile and | compressive reinforcement over sup- 


bond strength be provided in accordance the 


end of a beam, stress iz in the remaining straight 
bars will be less than is represented by the theoretical formula. Eon. 
here high bond resistance is required, the deformed bar is a suit- 
able means of supplying the necessary strength. Adequate “bond 
strength throughout the length of a bar is te end 
but such anchorage may properly be used i in Special cases. * nchorage 
furnished by short bends at a right angle is less | effective than hooks 
consisting of turns through 180 degrees. = | | 
‘The lateral spacing of parallel bars should not be less than two _ <a 
one-half diameters, center to center, nor should the distance from the __ 


side of the beam to ‘the center of the nearest bar be less than two e “§ 
diameters. ‘The clear spacing» “between two layers of bars 


8. Shear and ‘Diagonal ' Tension. 
9 -Caleulations for web resistance shall be made on the basis of m: maxi- Be 


= n the maximum n shearing stresses exceed the value allowed for the - 


concrete alone, web reinforcement must be provided to aid in carrying 

the diagonal tension stresses. This web reinforcement may consist of Se 

bent bars, or inclined or vertical members attached to or looped about — 
horizontal reinforcement. Where inclined members used, the 


connection to reinforcement shall be such as to insure 


Experiments. of details of web reinforce- 


a few bars bent 1 up ‘at small 
of a beam. against 1 failure by tension to: a considerable 
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tative recommendations to be made. It is well established, 

three or more — 
vided to increase the shearing resistance to b reinf, 
times that found when the bars are all horizontal and no web re 
same — 
ment 


For horizontal bars, only 40 Ib. per sq. in, 
For beams in which a » part of the horizontal reinforcement 
respect to the shearing a higher v value 
lowed, but not to exceed 60 Ib. per sq. in. 
For beams: thoroughly reinforced for shear, a 
exceeding 120 Ib. per sq. in. 


required under ¢ above, the concrete may be counted upon as carrying 
one-third of the shear. The remainder is to be provided for by endl : 
: of metal reinforcement consisting of bent rods or stirrups, but prefer- 
ably both. requisite amount of ‘such reinforcement may be e esti- 
pes on the assumption that the entire shear on a section, less the - 
amount assumed to be carried by the concrete, is carried by the 
inforcement i in a length of beam equal to its depth. 


‘The longitudinal spacing of stirrups | or ‘bent rods shall not exceed 
three-fo -fourths the depth of the beam. 


It is important that adequate bond strength to develop 
fully the : assumed strength of all shear reinforcement. 
Inasmuch as small deformations in the horizontal steel tends” to 
"prevent the formation of diagonal cracks, a beam will be » strengthened 


diagonal tension failure by so arranging the horizontal rein- 


| 


“Ibis: recommended that the ratio. of the of a 
column to its least width be limited to 15. 


7 mer: The effective ar area of the column shall be taken as the area ell 
“the protective covering, as defined in Chap. VI, ection 4; or, in the 
ease of hooped columns. or columns reinforced with structural | sane, 
+ = it shall be taken as the area within the hooping or structural shapes. 4 

Columns be reinforced by means of longitudinal rods, by 


ar bands or hoops, by bands or hoops together with longitudinal bars, or 


S ae by structural forms which in themselves are sufficiently rigid to act 


ap as columns. The general effect of bands or hoops is to increase greatly 


the “toughness” of the column and its ultimate strength, but hooping — 
has little effect” upon its behavior within: the limit of elasticity. 
thus renders the concrete a safer and more reliable material, and should 
did permit. the use of a somewhat higher working stress. The beneficial 
_ effects of “ “toughening” s are adequately provided by an moderate amount 
of hooping, a larger amount: serving mainly to increase the ultimate 
and the possible before ulti — failure. 
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‘a The are made for the relative 

stresses in the concrete for ‘several types of columns: 


stress recommended for axial compression in Vit. 


€ 


coal c. Columns reinforced with not less than 1% and not more 
Pr me than 4% of longitudinal bars and with bands or | 
"stresses 45% higher than given 
d. Columns reinforced with structural steel cel column units” 


ike, ‘stresses 20% given for a. 


which thoroughly encase the oncrete core, stresses 
higher than given for a. 


a in accordance with Section 3. The chee or bands are not to be 


counted upon directly as adding he: strength of the colum 
Bars composing longitudinal reinforcement shall straight, 
‘shal have sufficient lateral support to be securely held i in place until | 


Where bands or hoops: are used, the total amount of ai reinforce- 


ment shall not be less than 1% "of the volume of the column dis- 
closed. The clear spacing of such bands or hoops shall not be greater 
-fourth | the diameter of the enclosed column. 

- means must be provided to hold bands or hoops i in place so as to form — 


ee of which shall be | straight and well centered hi ES 


Where large areas of concrete are exposed to 2 
the changes of form due to shrinkage (resulting from hardening) and — : 
to action of temperature are euch Lage large cracks will occur: in th 


Thee size of the cracks: will  proportioual to 
the: reinforcing” bars and inversely proportional to the percentage of 
reinforcement and also to its bond resistance p per unit of surface ares a. 
‘To be most effective, therefore, reinforcement : should be placed near the 
surface and well distributed, and a form. of reinforcement used which 
‘wil develop a high bond resistance. _ rape 
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The stresses are recommended for static loads. 
Sencinaitiaaanen for vibration and impact are to be added to live loads 
where necessary to produce an equivalent: static load before applying — 
the unit stresses in proportioning parts. 
oa In selecting the permissible working stress to be allowed on concrete, 
we should be guided by the working stresses usually allowed { for other 
- materials of construction, so that all structures of the same class but 


average compressive strength of 2 000 ib. sq. in. at 98 
when tested in cylinders | 8 in in diameter and 16 in. long, under 
laboratory conditions of manufacture and storage, using the ‘same 
consistency as is used in the field. Py In considering the factors recom-— 
mended with relation to this strength, it is to be borne in mind that 


strength ¢ at 28 days i is s by no me means the ultimate which will be 


the real factor of safety. 3 On concretes, in which the material of 
the aggregate is inferior, all stresses should be proportionally reduced, , 
: and ey reduction should be made when leaner mixes are to be ; 


rease may he made ca “working 


_ stresses spebtoxys to the j increase in n compressive s strength at 98 days, 
this increase shall not exceed 25. per 


is applied to a surface of concrete larger than 

“0 the loaded area, a stress ¢ of 32.5% | of the compressive strength at 28 days, 

or 650 Ib. per sq. in. on the above- described concrete, may be allowed. 


For on a plain concrete column or pier, the 


: 


at 98 days, 0 450 Ib. per in. on 2 000- Tb. concrete, may 


For other forms of stresses obtained from the ratios 
given in Chapter VII, Section 9, may 
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Compression i: in Extreme F iber. 


‘The | stress of a beam, , calculated on the assumption of 
a constant modulus of elasticity for concrete under working stresses, 
“may be allowed | to ) reach 32. 5% of the compressive strength | at 28 days, 
or 650 Ib. per sq. in. for 2 — Ib. concrete. Adjacent to the oa of 


continuous beams, 15% higher may be used. 


5. Diagonal Tension. 


Where pure shearing stress occurs, that is, -uncombined with 


‘pression normal to the shearing surface, and with all tension norma 


to the shearing plane provided for reinforcement, a shearing stress of | 
6% of the compressive strength at 28 days, or 120 lb. per sq. in. on 2 000-— 
concrete, may be allowed. Ww here the shear is combined with an 
equal ‘compression, as on a section of a column at 45° with the axis, — 
the stress may equal -half the compressive stress allowed. <q 
ratios of compressive stress to shear intermediate 0 and 1 
proportionate shearing stresses shall be used. 
In calculations on beams in | which diagonal tension | 


e bonding stress between concrete and plain: reinforcing bars 
z= be assumed at AY of the. compressive strength at 28 days, or 80 Ib. x 


‘per sq. in. for 2 000-Ib. concrete; in the case of drawn wire, 2% or os lb. : 


on 2000- lb. concrete. Reinforcement. 


rican Railway Engineering and Maintenance of Way Association Pres 


| The value of the modulus of elasticity of concrete nerete has a a whet range, me 


_ depending» upon the materials used, the age, the range of stresses be- 
tween which it is considered, as well as other conditions. It is recom- 
mended that in all computations it be assumed as one-fifteenth that of i 


steel, as, while not rigorously accurate, this assumption will give safe 


-Tesults. Ricuarp L. 
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SPECIFICAT IONS 


“Adopted Angust. 


the pertinent féatures of the various requirements aa the — 

to be observed in the interpretation of the results of the test, 

2. The Committee would suggest that the acceptance or rejection. 

under these specifications be based on tests made by an — 
the proper means for making the tests. 


rane SPECIFIC GRAVITY. 


at 


of tests of ‘specific gravity are not necessarily conclusive as an — 
nt, Pans when in combination with the 


6. Each consumer must fix the minimum requirements for tensile 


to. suit his own conditions. They shall, however, be within 


1. The tests for constancy of are divided into 

*s the first normal, the second accelerated. The latter should be se nl 


> i as a ‘precautionary test - only, and not infallible. So n many e 
a. enter into the e making and interpreting of it that it should be used with 


= In the pats the care sh should be to 


[Socket 
| 
— 
| 
Be 
= 
he test pieces under 
| sudden change or wide Fange of b 
| uniform conditions as hich the tests are made, a very dry or 
temperature in the room in which . 
| 
f 
— 
itm Bo 


oe SPE ECIAL COMMITTEE ON CONCRETE 
due to molding or to or to too 0 rapid drying- out 
a twenty- four hours. The pats should be preserved under the most ei 
uniform conditions possible, and rapid changes of temperature should 
The’ failure to meet the requirements of the accelerated tests 
not be sufficient cause for r rejection. cement may, however, 
be held for twenty- eight days, 2 and a retest made at the end of that 
7 4 period using a new sample. Failure to meet the requirements at this 
a should be considered sufficient cause for rejection, although in the 
i "present. state of our knowledge it cannot be said that such failure 
necessarily indicates unsoundness, nor can the cement be considered 
satisfactory simply because it the tests. 
SPECIFICATIONS, 


GENERAL ‘Conprions. 


In order to allow ample time inspecting and testing, ‘the 
‘coment should be stored in a suitable: weather- tight bu: building 
the floor properly blocked o: or ‘raised from the ground. 


4, The cement shall be stored in such a manner as to permit easy 
access for ‘proper inspection and identification of each shipment. 
a 5. Every facility shall be provided by the Contractor and a a 
of at least twelve days allowed for the inspection and necessary tests. — 
: _ 6. Cement shall be delivered in suitable packages with the brand ~ 
and_ name of manufacturer plainly marked thereon. 
ts A bag of cement shall contain 94 ‘pounds of cement a ~ Each 
: of of Portland cement shall contain 4 bags, and each barrel 
- natural ‘cement shall contain 3 bags of the above net weight. Misc. 
- | Cement failing to meet the seven-day requirements may be held 
awaiting: the results of the tw enty- -eight day tests before. rejection. 


a) All tests shall be made in accordance with the methods proposed 
the on Uniform Tests of Cement of the _ 


amended | January 20, 1904, and January 15, 1908, with all 


ame ndments thereto. (See addendum to these specifications.) 

a acceptance or rejection | shall be ba be baeed on the following 


ays. 


— 
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— 
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9 
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 product_resulting from the calcination of an argillaceous limestone 

void to drive off the carbonic acid gas. 


= PORT 


a wiginasis of not more e than 10 per cent. 
the No. 100, and 30 per cent. on the No. 200 sieve. 


TIME OF SETTING. 


It shall develop initial in than ten and 


er not develop hard set in less than thirty minntes, oF i in more than — 


The minimum requirements for tensile strength for briquettes 
| one inch. square in cross section shall be within the following limits, 
shall show no strength within the periods specified." 


hours i in moist air. 50-100 Ibs. 
(1 ad moist air, ate) 200 ‘ 
One Three Parts | Sand. 
7 days (1 day in moist air, 6 days i in 1 water). 


28 
If the strength As not specified, mean the shove 
values ‘shall n minimum strength 1 required. 


of neat “cement t about three 


These pats are observed at intervals for at | ] 
o satisfactorily p pass the tests, s, should remain firm a 


signs of distortion, cracking or disintegrating. 


17. Definition. This term is applied to the finely | erized product 
resulting from the calcination to incipient fusion of an intimate 


1ixture of properly | proportioned argillaceous and calcareous materials, 


to which “no addition greater than 3 per cent. made 


example, the minimum for the twenty-four hour neat cement 
test should be some specified value cael ‘the ‘Wits of 50 and 100 pounds, and so _ 
on for each period stated, : 


> 

4 

| 

| 
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SE E CIFIC GRAV 


. The specific gravity of the cement, ignited lata low 3 red heat, 


not t than 3. 10, and th cement shall not show a loss” 


of more than 4 per cent. 


shall leave by weight ar re 


e 


on the and not more than’ 95 pe 


- Tt shall not develop initial set in less than thirty minutes, eal 
develop hard set - haa) less than one | hour, 1 nor more than t ten n 


one square in section ‘shall be within the following limits, and 


24 hours i in moist 


2 s a day 3 in ‘moist air, in 


OF VOLUME, 


thick at to a thin edge, ‘shall be 
in moist air for a period of _twenty- -four hours. 
(a) pat i is then kept in air ‘at normal. “temperatu 
intervals for at least 28 
Another pat is kept in water maintained as near 70° F. 
practicable, and observed at intervals for at least 28 days. ba i a 
no & A third pat is exposed in any convenient way in an atmosphere 
of steam, above boiling water, in a loosely closed vessel for five hours. Bs 


23, These pats, to satisfactorily pass the requirements, ‘shall remain 


tines and hard and sho no signs of distortion, checking, cracki 


ure 


 * For example, the minimum requirement for the twenty-four hour neat cement test 
should be some value the of and 200 pounds, and so on for each 


Period stated. 


& 
| 
re than per ent. 
| cent. on the No. 200 sieve. 
| 
q 
| 
| 
e One | rts Standard Sand. 
| d, the mean of the above 
iy values shall be taken ¢ as the minimum strength required. 
as — 
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MENT FROM THE STAND ATIONS FOR Srevcrurat STEEL. 
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AY ENGINEERING AND Mamren: ANCE or Way 


84. chemical shall conform to the 


si pe per cent. | 


_— per square inch 50 000 = 
Elongation, minimum, percentage in 8 in. / 500 1500000 
racter 0 racture... Si Silky 


* See graph nh. See paragraphs 1 12, 13 and and tt See paragray 1. 
2 


~ 


Allowable ‘85. If the ultimate strength varies more than 4 000 Tb. from that 
* desired, a retest shall be made on the same gauge, which, to be | accept- 


able, shall be within 5 000 Tb. of the desired ultimate 


Chemical determinations of the p of carbon, phos- 


Ka 


«| SULPHURIC ACID AND MAGNESIA. 

24. The cement shall not co ain more than 1.75 per cent. of 
r more than 4 per cent. of magnesia 
— 
— ; 
aa 
— iu 
— 
a 
- 
corde! 
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a rom a test ingot taken at the time of the pouring wet each m melt of ‘steel, 


and a correct. copy of such analysis shall be furnished to y the engineer or 
his inspector. Check analyses shall be made from finished material, 


if called for by the purchaser, in an excess of 25% ‘above 


Number of 
Teste. 


sized material for steel 1 in. thick and over, as Thick Material. 

shall bend, cold, 180° around a ‘pin, the diameter of which 4 
is equal to twice the thickness of the bar, without fracture on the -out- t 4 


“Finished material shall be free from injurious seams, flaws, 


cracks, defective edges or other defects, and have a smooth, uniform | 3 
and workmanlike finish. Plates 36 in. in width and have 
Every finished piece | of steel shall have the melt number and 3 
the name of the manufacturer stamped or rolled upon it. 
“3 100. Material which, subsequent to the above tests at the mills, ea Defective 


M 
hi of its acceptance there, develops weak spots, brittleness, cracks, or other | Fa — 


imperfections, or is found to have i injurious defects, will be ejected 


ALTERNATIVE SPECIFICATIONS: ror Metat 


=; 


Oo. For wire and rod reinforcements, the steel may be manufactured se 
from (not re-rolled rails) and shall meet the 


trength, in pounds per square inch, wk ten 
c= point, | in pounds per square inch, not than 52 
nor more than 90% of the tensile strength. 
Elongation in 8 not less than 10%, with the following 
For each i in diameter of 4 in. in. a 
tion of 1% shall be made from the the specified 
For materials from i in. to, but not including, , .* 
diameter the elongation shall be 8 per « cent. ae 
in. to 2 in., elongation 7 per cent. 
material 3 in. to 3, in, elongation 6 per cent. 
For material less than in., elongation 5 per er cent. 


q 
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Process 
Schedule of 


Allowable 
Var iations. 


Chemical 


Requirements. followi ing limits: 
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PHURIC AclD AND MAGNESIA. 

4 

24. The cement shall not cor more nore than 1.7 75 per 


anhydrous acid (SO,) 
MgO). 


nor more 4 per cent. of magnesia 


Assrracr E MBODYING ‘Portions: PLICABLE TO ‘Concre re RE INFORCE - 
MENT FROM THE STANDARD SPE CIF ICATIONS FOR SrructuraL STEEL. 


ADOPTED Marcu, 1906, by by the | 
Aer RICAN “Ramway [NEERING AND M. AINTE NANCE 


AT ION. 


e made by the cpen- -hearth p process. 
mical and phy sical ‘properties: ‘shall confor m to the 


83. ‘Steel shall b 


84. he cher £ 


Rivet Steel. 


E 


4 


Elements Considered. | Structural Steel. 


— 

= Basic. 
) Acid 


Phosphor us, max.. 


0.04 per. cont. 
0.04 
0.04 


0.04 per cent. 


(0.05 


Sulphur, maximu 


Ultimate tensile strengt | Desired | 


Pounds per square inch 60.000 
minimum, 1500 000*- 
Ult. ‘tensile strength 


“Fig. 
Silky 


Desired 


1500000 
1 


500 000 
‘Ult. . tensile 

Silky 


flat} 


‘ 


percentage in & in. / 


ter of fracture.. 
Cold bet ids without fracture 


* See paragraph 11. 


tSee paragra yh 15, 


q 


Naga yield point, as indicated by the a 


rop of beam, shall be recor 


wr 


led 


aries more than 4.000 that 

ade on the s sae gauge, which, to be accept 

able, shall be within 5 Ib. of the desired ultimate. 

= 86. Chemical dete the percentages of ¢ » phos- 

phorus, sulphur, and manganese shall be made by the manufacturer” 


in the tes st reports. 
If the ultim: 


desired, -a retest shall be 


me 
000 


rmination 


‘arbon, 


ses. 


- 


— 
- 
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a 2. « 
| 
ou. 
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rallel section not less than 
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from a test ingot om at the time of the pouring of each melt of steel, a 


and a correct copy of such analysis shall be furnished to the engineer or 


his inspector. Check analyses shall be made from finished material, 
if called for by the purchaser, in which case an excess of 25% above — 


the required limits will be allowed. 


; 92. At least one tensile and one bending test shall be made from Number. of 

. Full-sized material for steel 1 in. thick and over, tested ; as ‘Thick Material. * 
aa bend, cold, 180° around a pin, the diameter 


is equal to twice the thickness of the bar, without - fracture on the out- 


98. material shall be free injurious seams, flaws, Finish. 


cracks , defective edges or other defects, and have a smooth, uniform — 
and workmanlike finish. — ‘Plates: 36 in. in width - under shal have 


the of the manufacturer or rolled upon it. 
100. Material which, subsequent to the above tests at ‘the mills, 
“its acceptance there, develops weak spots, brittleness, cracks, or other 


or is found to have injurious defects, will be rejected at 


the shop and shall be replaced by the manufacturer at his own cost. 


( 


ie . For y wire and rod reinforcements, the steel m: may be er 


from Bessemer b billets — re- -rolled rails) and shall meet the following 


requirements: 


q Tensile strength, i in pounds per square inch, not less 

0 


Yield point, in pounds per square inch, not less than 52 50 


nor more than 90% of the tensile strength. 


- Elongation in 8 in., not less than 10%, with the following 


“modifications 
a. For each increase in diameter of 4 in. above # in. a deduc- 


tion of (1% shall be made from the specified 
For ‘materials from 4 in. “to, but “not including, im 


4 


that 4 


te elongation shall be 8 per cent. 
ce 


te material ;° tir in. to 4 in., elongation 7 per cent. 
For material 4 in. to - fy in, i pene 6 per cent. 


phi 


turer 
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3. Bending Tests. 
mos, 
Test specimens for bending shall be bent, cold, soda the Sellow- e 
ing conditions, fracture outside bent 
portion: 


ound tw ice own diame Around their own ‘diameter: 
1 in. diameter, 80 degrees. in. diameter, 130 degrees. 
in. diameter, 90 degrees. in, diameter 140 degrees. 

4 in. diameter, 110 degrees. 3 in, diameter or less, 180 

degrees. 
B 


Steel w wire used fc for reinforcement should be drawn bars of 


‘basic of open- -hearth steel of the same quality a as that specified for rivet 
stele 


aia Test 1 pieces of v wire shall bend 180° around their own own diameter 

| FormMuLas. FOR ReINrorcep Construction. 
_ These formulas are based upon the assumptions and principles: 


given in the chapter on Design. 


a ‘Standard Note ition. 


Rectangular “Beam ms. 


he following notation is 


t= = tensile unit stress in steel. 
Te = compressive unit. stress. in concrete. 


= modulus of elasticity of steel. 


= modulus of. elasticity of concrete. 


moment a ihe, or or bending mi moment i in general. 


steel area. 
breadth of beam. 
depth of beam to ‘center o: of steel. 
he ratio of depth of neutral axis to effective depth, d. 
= = depth of resultant compression below top.” 


aout ratio of Ie lever arm of resisting couple to depth, a. 
— z= arm of resisting couple. 


» 


-b = width of flange. 
width of stem. 


t thickness of 


A’ = area of ‘compressive 


go steel ratio for compressive ‘steel. 


— 
— 
4440 
ee q 
— 
) 
: 
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= unit compressive stress in n steel. a 
C = total compressive stress in concrete. 7 


total compressive stress | in steel. 
= depth to « center of compressive pr 


vear and Bond. 
= total shear. 
shearing unit stress. 
t= bond stress per unit area of bar. 
o= circumference or perimeter of bar. 


sum of the perime ters of all bars, 
Columns. 


A = total net area. 

A= = area . of longitudinal steel. 
re area of concrete. 
P= = total safe load. 


= 4st 


Position of neutral mead 
2p Qpnt+ (pn) (p ny? — —p n. 


tind, . 


or 15.000 to 16 000 and 
Fiber stresses, 


Fa? 


low- 4 | 
i} 
== depth to resultant of C and C’. 
ees. 
ees. 
: 
rivet 
neter 
| c= 
| 
H 
l. | = 
| 
4 q 
600 to 650, may be taken at 
_ 2M pf, ‘ 
h=a = cae = 


4 [Society 
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Case Wi hen the neutral axis lies ‘in the flange, use the formulas 


rectangular bea 
When the neutr al axis lies in the stem. 


following formul as negle ct t compression in the sten 
Position of neutral axis, 


— 


Arm of resisting couple, 


iber stresses, 


J 
(For approximate ‘results, th the form mulas for recta ngular beams 


be used.) | 
_ The following formulas take into account in 


Position of neutral axis, 


Position of resultant compression 


Ar rm of resisting ¢ couple, 

Fiber stresses, 


M 
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Beams 1 reinforced for « ession, 


—n(p+p'). 


osition of resultant compression, 

rPd+2p' nd’ 


Arm of resisting couple, 


iber s stresses, 


»—*) 


4, Shear, Bond, and We b Reinforcement. 
| ‘In the following formula, = = refers” only» bars constituting 
the tension reinforcement at the section in question and j d is the lever 
. of the resisting couple at the section. *= 

7) 

[For approximate e results, j may be taken at a1] _ 


« 
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Tew 
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‘The stresses in web reinforce t may be . estimated by using the the 
following formulas: 


ertical re reinforcement, 


15°. 


R einforcement inclined at 15°, 


in which P = stress | in ‘single reinforcing v= proportion | 


of total shear wr assumed as carried by the reinforcement, a and s = hori- 


zontal spé spacing of the reinforcing members. 
The same formulas apply to beams reinforced for compres sio n as” 


regards shear and bond stress for te nsile steel. 
For T- “beams, 


[For a approximate results, ; e taken at $.] 


5. Columns. 
Total safe load, 


A) =. fA + (n—1)p). 


Unit stre asses, f.= 


4 
— 
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MINORITY REPORT. 


To THE Members OF THE AMERICAN: Society oF Crvin ENGINEERS: 


‘The undersigned, members of Committee on Concrete 
7 


wil Reinforced | Concrete, who did not indorse the majority report of 
+ the Committee as submitted to the American Society of Civil Engi- 

neers, beg leave to present their reasons for dissenting in some very _ 
essential points from the views of the majority of the members | of the © 


17 


Committee. 


 & - Form of Report—We 4 do not consider the report as presented to 
shape for a document to be submitted to a society com- 
posed of engineers. J As we understand th the duty of your Committee to 
be e “to im inv restigate and report”, we are of the opinion 1 that the report 


in proper | 


clusions deriv therefrom. of this - report are more in 

. the shape of specifications or arbitrary rules, such as an engineer might 
prepare for the» use of his “subordinates. We c consider the report as a 


whole ‘to be hastily prepared, and neither carefully considered, nor 


2. Design—The chapter on ‘design is limited to a description of 
minor details of a particular kind of constr uction, generally, and some-— 
times improperly, used in reinforced concrete work of buildings, to the — 
exclusion of other types; to which limitations a designer with 
advanced ideas, who does not follow traditions, would naturally object. — 
As the art of reinforced concrete construction is yet 3 in its infancy, the 
tentative designs and methods adopted by the ] pioneers, in their 
to utilize a new material cannot be expected to be perfect, but more - 
‘ or less erude and ‘unscientific, : as has been the case in ‘structures built 
of other materials, which, by natural process of evolution, have 
gradually developed into more rational forms. 
Had the report been prepared at the time your Committee was: 
appointed, about four years ago, when this so- -called progress report 
could have been made just as well as now, it would probably have been : 
considered as giving a fair résumé of the state of the art at that time. 
The ] progress made and the experience gained in the last four years 
have not b been sufficient attention, and we consider the ‘Tecom- 


“They should be from experimental "data 
perience, and should appeal to reason and 
strains on concrete, as recommended, are arbitrarily assumed, without 
reference to any tests, or facts established | by | experience, and without 
ceiving any reason for departing from the practice established by years 
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who are responsible for this 
: ‘The properties | of reinforced conerete are are not yet as we well ‘tdliiiea 
: as those of nearly all other building materials, owing” to the lack of 
conclusive tests. No recognized theory for ‘computing the internal 
_ forces in reinforced concrete is in existence at the present time, and as 


the data which are. now available have not “yet. been sufficiently 


The number of disasters in concrete structures has not diminished, et 
rather increased ; a word of warning, therefore, would be appropriate at 


present shape would have a ‘tendency to encourage e questionable practice, : 

which ist not in harmony with the aims and d objects of this Society. 
Is may be said that the Society disclaime all responsibility for state- 
ments and opinions expressed | in any of its publications ; nevertheless, | 

“the : statements embodied in a report of a Special Committee appointed 
— to report: on a special subject by the American Society of Civil Engi-— 


neers, if printed i in its Transactions, will be quoted as being indorsed 


The members forming the minority of the Special Committee on 


Concrete and Reinforced Concrete are of the opinion that the majority 


es should be referred back to the Committee for revision. _ 


submitted, 


4 Js AN vat ary, 1909. ©. ‘Scuxeen, C Chairman, 


We are of the opinion that the acceptance > of the report in its : 


J. EZ E. GREINER, 
Horr. 


3 
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EXCURSIONS AND 
EXCURSIONS AND ENTERTAINMENTS AT THE FIFTY-SIXTH | 


Wednesday, January 20th, 1909. Business Meoting, 
lunch for over 700 members was as serv rved | at 1 P.M , at the Society 
House. 
At 8 3 P. » by invitation of. the Commissioner of ~ Department 
of Bridges and of the Commissioner of the Department of Docks and 
Ferries, there was an excursion to” to the Queensboro (Blackwell's Island) 
Bridge and the Williamsburg Bridge, and then to the Chelsea Section 
ot Docks, North River. The party “conve veyed automobiles 
furnished through the courtesy of the Pennsy lvania § Steel Company 
and of Messrs. Snare and Triest and Messrs. R. P. and J. H. Staats. - 
Those who could not be accommodated in the automobiles were taken | 
by steamer, provided through the courtesy of the Commissioner of | 
Charities, from the pier at the foot of East Sixtieth Street, down the 
East River, around the Battery and up the North River to” the 
Chelsea Piers, where refreshments were served. 


“=a 9 p. M., there was a reception, with dancing, n the Society 
Hou: 


Stops being made at Newburgh « and Kingston. 


use, at which the hpsumaneies was about 350. 


Thursday, January 21st, 1909. —The day was devoted to an excur- —_ 
sion to the Ashokan Reservoir by invitation of the Board of Water 


‘Supply. | party took | the ferry at foot of F orty- -second 


‘The excursion afforded an excellent opportunity to view a number 
of historic points on the Hudson, and to_ inspect the basin of the 
Ashokan Reservoir and Olive Bridge Dam and the sites of the several 
dams | and dikes, as well as the contractors’ plant. a oe 


On the arrival of the party lunch was served | at the contractors’ 
‘eamp by invitation of Messrs. MacArthur Bros. Co. and Winston 


sand Con 


The train ret returning left Olive Bridge Dam at 3 p. mM. and reached 
New York City at 6. 30 P. M. 

In the ev vening, at the Society House, there was a a social and 
informal “Smoker,’ at which there was an attendance of more 
than 700. 

The following list contains the names of 726 ‘members, of various. 
grades, who registered as being in attendance at the Annual Meeting. — 
The list is incomplete, : as some members failed to register, and it does 
not contain the “names of any of guests of the Society or of 

The number of guests is is estimated at 400. 


por. New York ity Alderson, Boo 


Pa. _ West Conn. 
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AT THE ANNUAL MEETING - [Society 


Allardice, R. B..Clinton, Mass. Beugler, E. .New York City 
Allen, | ©. Frank. '...Boston, Mass. Bieler, A. H.. inglewood, N. J. 
Allen, Henry C.. Syracuse, N. -Y. Bissell, Medford, Mass. 
Allen, Kenneth. . --New York City Blakeslee, C. . Haven, 
Andrews, Horace. ..Albany, N. Y. Blanchard, A. 
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ANNOUNCEMENTS 
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MEETINGS 

Wednesday, March 3d, 1909.- 8.30. P. M. —Two "papers ers will be 
presented for discussion, as “The Action of Frost Cement 


Cement Mortar, Together with Other Experiments on These 

Materials,” by Messrs. Ernest R. Matthews, and James Watson; | and 7 

> ‘The of Old by E. P. Goodrich, M. 


These papers: = wee in Proceedings January, 2000 


will be presented fi for discussion. 


This paper i is printed in this number of Proceedings. 
= Wednesday, April 7th, 1909 -—8.30 P.M.—A paper on “The a 
Soc. 


Street Viaduct of Kansas City,” by E. E. Howard, _ Assoc. M. Am 


C. E., will be presented for discussion. 
_ ‘This s paper is printed i in this number of Proceedings. 
Wednesday, April 21st, 1909.—8. P. M. be 
for discussion, as follows: “The Maximum Weights of Slow 
“Freight Trains,” by ©. S. Bissell, M. Am. Soc. C. E.; and “Sampittic 
Surfacing, ” by W. Crosby, M. Am. Soc. a 
These papers are printed in this “number of Proceedings. 
ANNUAL. CONVENTION 


The general neeenenente for the Convention are in the hands of © 


the 
the following Committees: 


COMMITTEE OF THE BOARD OF DIRECTION. 


F. W. Hovepon, 
G. W. TILLSON, Cuas. ‘Warren Hoyt. 


“LOCAL COMMITTEE. 
Haves, 
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_ The Board of Direction has decided to issue Transactions in 
‘There seems to. some about this matter, 
several members having protested on the ground that the present 
Wa volumes | are not too large, and that it making them smaller would make 
eference to them more difficult, as well as increase the cost of binding. 
seems, therefore, necessary to explain that the ‘decision of the 
Board i is based on the fact that the amount of valuable material offered 
the Society for publication has so incre eased of late that a large part 
oof it would have to be refused if. only two were 
_ issued, and on the belief that the most effective way of increasing the 
usefulness of the Society to its Members and the Engineering Profes- 
sion is to increase the volume of its Publications. Se 
‘The decision was arrived at only after most careful consideration 
the matter from every point of view, it is hoped the result will 
«Tt is also hoped that members and hin who take part in the 
- discussion of the papers presented will revise their remarks promptly, 
that all written communications from those who cannot attend 
the meetings will be sent in at earliest possible date after 
issue ¢ of the paper in P roceedings. ~The issue e of volumes: of 
is. dependent on the closing of f discussions, and the co- 
operation of membership | will now be e more necessary, 
matter than heretofore, because four volumes are to be issued during 
the “year instead of two, and, to a accomplish this, a definite date of 
issue for each must established. It is expected that. the first 
~ volume for 1909 will be issued on or about March 31st, the second a 
P June 30th, and the third and fourth on 1 September 30th and December 


All papers accepted b by the Publication Committee are classified by the 
— with we to their availability for discussion at meetings. -. 


Society, and, on these, oral discussion, as well as written communica 


All papers which do not come under this heading, that is Say, 
those which, from their mathematical or technical nature, in the 
opinion of the Committee, are e not adapted to oral discussion, w will not — 

be scheduled for presentation | to any meeting. Such p ‘papers will be 

_ published in ‘Proceedings in the same manner as those which. are to 

presented at meetings, but written discussions, only, will be 

quested for subsequent publication in 1 Proceedings and with the paper 


in the volumes of Transactions. 
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|! Streets, H Harrisburg, Pa. 


PRIVILEGES OF ENGINEERING SOCIETIES ae 
EXTENDED TO MEMBERS OF THE 
_ AMERICAN SOCIETY OF CIVIL ENGINEERS 
Members of the American Society « of Civil be 
comed by the following Engineering Societies, both to the use of their 
Reading Rooms: and at all Meetings: 


‘American Institute of Mining Engineers, 29 We st Thirty y-ninth 


Associagio dos Civis Portuguezes, Lisbon, Portugal. 


Canada. 
Civil Engineers Club of Cleveland, 718 Caxton Building, Cleveland, 


Engineers’ and Architects’ Club of Louisville, Ky., Norton 
Fourth and Jefferson Streets, ile, Ky. 


Engineers’ Club of Philadelphia, 41317 Spruce Street, Pa. 
- ‘Engineers’ Club of St. _ Louis, 3817 Olive Street, St. Louis, Mo. =e 
‘Engineers’ Club of Toronto, 96 King Street, W West, Toronto, Ont Ont., 


Engineers’ ” Society of Western n Pennsylvania, 803 Fulton Siting, 
Institute of Marine Engineers, 58 Romford Road, “Stratford, Lon 
Institution of Engineers of the the River ver Plate, B Buenos “Aires, Ar 
Institution of Naval "Architects, Adelphi Terrace, 
Junior Institution of 39 Victoria Street, Westminster 


Koninklijk Instituut va nn urs, The Hague, The Netherlands. 
Loulstena Eagincering 604 ‘Tulane-New veomb Building. 


Engineering Memphis, Tenn. 
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Australia, 
the Boston Society of Civil Engineer 
rofee | 
Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, a 
ration Canadian Society of Civil Engineers, 877 Dorchester Street, Mon- 
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Midland Institute of ‘Mining, Civil” and Mechanical Engineers, 


Montana § Society of Engineers, Butte, 


North of England Institute. of Mining and Mechanical Engineers, 
Newcastle-upon- Tyne, England. 


— 


Rochester Engineering Society, Rochester, N. 
Sachsischer Ingenieur- ‘und Architekten-Verein, Dresden, 


Sociedad | de Ingenieros, Bogota, Colombia. 
des Ingenieurs Civils de ‘France, 194 Rue Paris, 


Society of Engineers, Street, Ww estminster, 
England. 
Teknologforeningen, Br ‘unkebergstorg: 


‘Tekniske Forening, Vestre Boulevard Denmark. 


~ = 


‘Victoria 


_ SEARCHES” IN THE L LIBRARY 


1902, the was authorized make ‘searches 


In J: anuary, 
in the Library, upon request, and to charge therefor the actual cost to ® 
the Society for the extra work required. Since that time many searches _ 
have been made, and bibliographies and other information on special | 

_ The resulting satisfaction, to the monhers, who have made use 2 of 
» the resources of the Society in this manner, has been expressed. fre- 
+e _ quently, and leaves little doubt that, if it were generally known to the 
membership that ‘such work: would be undertaken, ‘many would: avail 


themselves of ‘it. 
‘The cost is trifling compared with the v. value of the - time of an 
gineeer who looks up such matters himself, the work can be per- 
a _ formed quite as well, and much more quickly, by persons familiar with 


the Library, 
In asking that such work be undertaken, members should 
the subject to be ‘covered, and whether references to general 
books only | are desired, or whether a complete bibliography, 
search through periodical literature, is desired. Wad 
In reference to this: work the Appendix* to ) the Annual Re Report of 
- the Board of Direction for the year ending December 31st, 1906, con- 


“tains a summary of all searches made to that date. 
Proceedings, Vol. XXXII, p 
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CCESSIONS TO THE LIBRARY 
ACCESSIONS TO THE LIBRARY 


cial January 13th to ‘February 9th, a. 


-DONATIONS* 
‘The Elements of ee of Water Flowing in 
Sewers, ete., as Determined by the Hazen and 
Williams Formula and the Flow of Water over Sharp- Edged and © 
Irregular Weirs, and the Quantity - Discharged as Determined by 
Bazin’s Formula and Investigations upon Large Models. 
By Gardner S. Williams and Allen Hazen, Members, Am. Soc. C. E. 
Second Edition, Revised and Enlarged. Cloth, 9 x 6 in, -illus., oan 
6 + 104 pp. New York, John Wiley. & Sons, 1909. $1.50. 


In this edition all errors in the original text and tables, developed by the con- 
_ tinuous use of the book for over three years are stated to have been corrected. The 


preface also states that, the changes in this edition are nearly all confined to that 
part of the book devoted to the flow of water over weirs, where some new matter 
en submerged weirs is presented in the text and the table of discharge by Bazin’s — 
formula has been extended to cover variations of head by 0.01 ft. from zero to 6 ft. 
A table of discharge of high weirs has also been added and these additions, with 
a new and more correct title-page and an extended table of contents, are intended 
_ to increase materially the usefulness of the work. The Contents are : Introduction ; : 
_ Formula Used; Increasing Friction with Age, How Computed and Indicated in the 
Tables ; Observations of Flow in Cast-Iron Pipe; Observations of Flow in Riveted 
‘Steel Pipe; ; Observations of Flow in Wooden-Stave Pipe; Observations of Flow in 
Rectangular Wooden Pipe; Observations of Flow in Cement Pipe; Observations of | 
Flow in Wrought-Iron Pipe; Observations of Flow in Galvanized-Iron Pipe; Obser- 
-yations of Flow in Brass Pipe; Observations of Flow in Lead Pipe; Observations 
of Flow in Glass Pipe; Observations of Flow in Fire-Hose; — “Observations of Flow — 
in Open Conduits ; Observations of Flow in Aqueducts; Observations of Flow in 
Brick Sewers; Observations of Flow in Canals; Table of Flow in Small Brass ~ 
Pipes; Table of Flow in Wrought-Iron Pipes; ‘Table of Flow in Hose and Pipes; ~- 
Table of Flow in Pipes, 4 to 144 in. Diameter. Relative Discharging Capacity of 
Aqueducts. Table of Flow in Aqueducts; Sewers, Table of Slopes Required to 
ee ae Produce Certain Velocities; Tile Sewer Table 4 Circular Brick Sewer Table; De- 
ches crease in Carrying Capacity of Cast-Iron Pipe with Age; Comparison of Results - 
t to with those of Coffin and Weston; Metric Pipe Table. Loss of Head in Venturi — 
OSt 10 z Meter; Underdrains, for Sand-Filters; Flow Over Weirs; Sharp-Edged Weirs, Dis- 
wches cussion ; Sharp- Edged Weirs, Tables ‘of Discharge ; Low Heads, and Contractions 
and Very High Weirs, Discussion ; High Heads, Table of Discharge ; High Weirs, 
Table of Discharge; Fiat Crest and Other Weirs, Discussion; Submerged Weirs, 
Discussion; Multipliers for Flat Crest Weirs; Multipliers for Trapezoidal Weirs; 


(With History of the Erie Canal.) By A. Barton Hepburn 


Cloth, 74 x 5 in., 7 + 115 pp. _ New York, The sseeeitiliitiaiica 


‘The: purpose of this. volume, as declared by the author, is to place ‘before the 
public, in concise form, the salient facts as to artificial waterways and their rela- 
tion to commercial development. A general review of the canal systems of the world — nm 
is given, with the history of the Erie Canal as typical of all. The Contents are: 

The World’s Canals; The Canal System of New York, I, The Period of Inception, 
II, The Period of Development, III, The Present Conditions, IV, The Competition 
7 against New York City; The Panama Canal ; The Waterways Question and Con- 
servation of Our Resources ; Appendix (Statistical Tables) A, Relating to New York — 
Canals, B, , Relating to Commerce of New York City, in “Miscellaneous ; Index. 


APPL IED MECHANICS FOR ENGINEERS. 


Text-Book for Engineering Students. E. 


Cloth, 73 x 5 i in., illus. il. 385 pp. ‘New York, ~The Macmillan 
work is intended as a text- book for engineering of the Junior year, 
the subject-matter, except that contained in a few chapters, is _ Stated to be 7 


“Unless otherwise specified, ‘books in this list have been donated by the publisher. 7 


| 
sers, ff 
| 
hen- 
ling, 
i 
> 
a 
Ger- q 
= | 
| 
avail | 
7 
per- 
pecify § 
eneral 
olving 
ort of 3 
5, con- 


ACCESSIONS THE “LIBRARY 


- such as is usually covered in one semester. Each new principle developed is fol- 
lowed, it is stated, by a number of applications and each problem deals with matters 
that directly concern the engineer, and constitute practical engineering work. The 
Chapter headings are: ‘Definitions; Concurrent Forces; Parallel Forces; ; Center 
of Gravity; Couples; Non- concurrent Forces; Moment of Inertia ; Flexible Cords ; 
Rectilinear Motion; Curvilinear Motion; Rotary Motion ; Dynamics of Machinery ; 
Work and Energy ; Friction; Impact; Appendix I, Hyperbolic Functions, Tables : 
Appendix II, Logarithms of Numbers ; Appendix’ III, Trigonometric | Functions, 


Tables ; Appendix IV, Squares, Cubes, Square Roots, etc., of Numbers; Appendix V; 


10 + 351 pp. 
Archibald & Co., tid. 1908. shillings net. 


p= The author states that this book is intended to be aieaieiailie a practical work, 
with botany only incidentally touched upon. — Only those timbers most generally 
used, either in their native districts, or in the general timber trade, are discussed, 
together with some likely to come into the market before long. Those timbers most 
used have been dealt with at greatest length. No information is given, the preface. 
states, of which the author is not either certain from his own knowledge or has 
not gained from authentic sources. There is an appendix, | giving sample cargoes 
of timber and showing the great variety and large quantities of timber landed in 
_ Great Britain, and a bibliography of one and one-half pages. The Contents are: : 
Timber; The World’s Forest Supply; Quantities of Timber Used; Timber Imports 
into Great Britain; European Timber; Timber of United States and Canada; Tim- 

_ bers of South America, Central America, and West India Islands; Timbers of India, 
Burma, and Andaman Islands; Timber of the Straits Settlements, Malay Peninsula, 
Japan, and South and West Africa a; Australian Timbers; Timbers of New Zealand 
and Tasmania; Causes of Decay and Destruction of Timber; Seasoning and Im- 

- pregnation of Timber ; Defects in Timber, and General Notes; Strength and ‘venting 

of Timber; “Figure” in Timber; Appendix ; Bibliography; Index. _ 


have also been received from the he following: ‘ 
Am. Inst. of Elec. bound vol. ‘Inter. Assoc. of Mun. “Blectricians. 
Am. Mathematical Soc. 1 pam bound vol, 1 pam. 
Am. Soc. for Testing Materials. _ a vol.  Iepan- Imperial Govt. Rys. 2 pam., 
Am. Soc. Mech. Engrs. 1 bound vo map. a ee " 
Architectural Inst. of Canada. 1 pam, Johnson, G. A. 4 same, aiden 
Atlantic City, N. J.-Water Dept. _ Lake Mohonk Conference of Friends of 
Belgium-Ministére des Sena de Fer ples. 1 pam. a 
Postes et Telégraphes. vol. Liverpool Eng. Soc. 1 bound vol. 
Bengal, India-Irrig. Dept. 1 ‘Liverpool Overhead Ry. 2 
_Bombay-Public Works bound London, Brighton & South Coast Ry. Co. 
Buck, H. R. 1 bound pam. 4 London, & Southend Ry. Co. 1 
‘Central London Ry. Co. 1 pam. 
Colorado-Agri. Exper. Station. 2 pam. ‘Madras, India- Works 
Connecticut-R. R. Commrs. 1 bound spam. 


_ Connecticut-Shell- fish Comm. 1 pam. Met. Ry. Co. | pam. 
Cornell Univ. 1 vol. Min. Soc. of Scotia. 
-Cuba-Secretaria de ‘Obras Publicas. New York City-Art Comm. 1 pam. 
Delft Technische -Hoogeschool. 2 “pam. 
Deutsch-Amer. Tech. Verband. 2 pam. - New York City-Comptroller. . pam. 7 
_ Fall River, Mass. -City Engr. 6 pam. a York City-Dept. of Health. 1 pam. 
Ferraz, L. C. 1 pam. | 7 New York State- Public Service Comm. < 
der — Eisenbahnen in Elsass-Loth- New York- State Engr. and Surv. 1 bound - 
ingen. 1 vol. ‘ 
Great Eastern Ry. ‘Co. Ontario, Canada- Bureau of Mines. 40 
Great Northern & City Ry. Co. 1 pam. 
Harvard Univ. 1 bound vol. Ontario, Canada- Registrar- Gen. 1 
Hodgdon, Frank W. 1 bound vol. ‘eee -Conservation Comm. 1 pam. | 
Herschel, Clemens. 2 pam. Peru-Ministerio de Fomento. | 
Illinois-State Water Survey. 1 pam. Rensselaer Inst. 1 vol. 
Institution of Civ. Engrs. 1 bound me 8 Rochester, N. -City Engr. 1 pam. as 
Institution of Engrs. and Shipbuilders of cazione per gl’Inge 
Scotland. 1 bound vol. _ Sherrerd, M. R. 1 pam. 
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‘south Dakota-State Engr. 1 bound vol. U. S.-Naval Observatory. 1 pam. 
South Eastern Ry. Co. 2 pam. U. §S.-Office of Exper. Stations. 
Southern Pacific Co. 1 pam. 


“ier Taff Vale Ry. Co. 1 pam. S.-Office of the ‘Library and Naval 
rds: Thomes, E. H. q pam. Records. 1 bound vol., 7 pam. 

ery; Thomson, T. K. 1 pam. S.-Weather Bureau. 1 bound vol. | 
bles ; U. S.-Bureau of the Census. 1 ae vol. Univ. of Illinois-Agri. Exper. Station. 3 


U. S.-Chief of Engrs. 7 pam. 
Ix ‘Univ. of Pennsylvania. 1 vol. 


bound 
School. 1 pam. ‘Univ. of Texas. 2 pam., 1 map. 


U. S.-Geol. Survey. 13 pam. Australia-Ry. Commrs. 1 vol. 
Interstate Commerce pam. Webster, W. R. 1 pam. 
S.-Lighthouse Board. bound vol. Univ. 1 


st — Report with Regard to Civic Affairs in the City of Cedar Rapids, - 
most Iowa, with Recommendations for City Improvement and Beautification. 
C. M. Robinson. The Torch Press. Rapids, 1908. 
rgoes 
in Repertorium der Technischen Journal-literatur.  Herausgegeben 
im Kaise rlichen Patentamt, Jahrgang 1907. Carl Heymanns 
sland 
— ‘SUMMARY OF ACCESSIONS 


From January 13th to February, 9th, 1909. 


‘Donations | (ine luding 7 duplice ates)... 
By purchase. . 
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ADDITIONS” ws 


(January 13th to ‘February 9th, 1909. ) 


of Sewers, Jerome Ave. and Assoc. M. Mar. 


“Macombs Rd., of the Bronx, 1909. 
Www 


2, 1909 


‘The Virginian Ry. Co., National Bank of 


__ Commerce Bldg., Norfolk, Va 


ROBERT WRIGHT. Casilla 162, Valparaiso, Chili.. Nov. 4, 1908 
“RICHARD W ARREN. Contr. Engr., McClintic- Mar- 08 
ghall Constr. Co., Park Bldg., Pa 4 
Gove. With Hering & Ful- 4 Assoc.M. Oct. 7, 1903 
170 Broadway, New York City..... 1909 


Feb 
SERGIUS PAVLOVITCH. Engr. to ‘the 
Imperial Russian Govt. ; the Im- 
perial Inst. of Public Ways at St. Peters- sc. 
burg, Zabalkanski pr. 21, St. Petersburg, Sept. 
Moore, JouNn 831 St., , Rushville, Ind. 2, 1909 
NEWTON, RALPH -EELLs. Newton Engi- ( 
.Assoc.M. Jan. 


‘neering Co., Jackeon ‘St, 


-BLAMPHIN, MERRICK ‘NEWBEEEY. _ Asst. 


New Assoc. M. eb. 


or of the Brom, Cor. 177th St. and - 


-Epwanps, CHARLES Maxton. Engr, Dat 


NY 


Feb. 2, 1909 | 


‘April 1 1903 


nbership. 
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way, razil.... Dec. 1, 1908 

1909 
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Fowrer, Rosert Lampert. 155 State St., Perth Amboy, 


MEMBERS 


Gopparp, HERBERT Engr. and Contr. 


Cessna & Goddard 17 8 hi  St., Jun, Jan. +8, 1905 
ddard), 178 Devonshire ‘Assoc. M. 
LAMBERT, BYRON ‘Prof. of Structural Eng. ‘State 


Paice, JASON. Bridge Oa. of N. 'Y. , 1308 5, 
e 


East Chureh St., Urbana, Ohio 

Sancer, E DMUND Puurps. 301 S. 4th “Ave, ‘Mt. ‘Vernon, 

SMITH, ALBERT Orance. Civ. and Landscape yd Jun May 2, 1905 
_Engr., Port Jefferson, N. Y..............] Assoc. Feb. 2, 1909 
TAYLOR, GRANVILLE Lewis. Engr. Pittsburg =P! Plant, Me- 

|... -Clintie- Marshall Const. Co.; Res. Trenton 
"Wilkinsburg, 


“Camp: P. O., Jamaic 


b. 2, 1909 
-‘Hallingbury, 
1908 


Sept. 1, 1908 


P RITCHARD, _Joun CHARLES. “Deputy State te Highway Engr. 
of Mo., Columbia, i Mo. Sept. 

RUSSELL, ALEXANDER Stuart. Asst. Engr., Bureau of Pub- | aoe 

Works, Manila, Philippine 6, 

PEDRO Ernesto. P. O. Box 1207, Lima, Peru...... Oost. 6, 1908 

lak ... Sept. 1, 1908 

Tames of Washington, D. C. Sept. 1, 
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1903 
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BRoMLEY, ALBERT HENRY, JR 113 Market 

1909. BRENNAN, JOSEPH LAWRENCE. Jan. 5, 1909 

1908 GREEN, CLARENCE JasPeR. 907 Monroe St., Ann Arbor 

GRINDROD, IRVIN Sutton. 33d and Clearfield Sts., Phila 

1909 HATHAWAY. CLIFFORD Murray. Draftsman, R. I. State 

1904 ; 
i908 

1909 

— 


SHIP—RESIGNA A'TIONS—DEATHS 
RESIGNATIONS 
“MEMBER 


1 MICHELL, THEOPHILUS US December 31, 1908 


february 2, 1909 


JUNIORS 
I February 2 2, 1909 


BRASLOW, E 


QO’ NEAL, Moore, JR 


‘lee April Ist, 18965 died January 25th, 1909. 


Elected Member, April | 4th, 1888; 


March Sth, 1907 ; 


CRAIGHILL, Ww ILLIAM PRICE (Past- P) pside nt). Klected Member, October 7th, i. 
died 


‘et ‘Honorary Member, Mareh 2 23d, 1896; January 18th, 1909. | 


lie 


JOSEPH lected Member, 4th, 1900; died Feb- 


ary 4th, 1909, 
TE DE ROCHE EMILE THE ODORE. lected Member, Janu- 

Bd, 1894; died December 8 8th, 1908, 
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Affairs.] CURRENT ENGINEERING LITERATURE 


MONTHLY L LIST OF F RECENT ENGINE ERING ARTICLES” oF 


January 12th, to F ebruary. 8th, 1909. ) 


Nore.— This | list is published for the purpose of ‘placing before the 
‘members 0} the Society, the titles of ‘current engineering articles, 
w hich can be referred to in any available engineering library, or can be 
procured by addressing the p publication directly, the — and price — 


being gwen wher ever possible, 


In the subjoined | list of articles, given by the number 
prefiwed to each journal 7 in this list: 


Journal, = Assoc. Eng. Soc., (28) Journal, New England 
St., Boston, Mass., 30c. Works Assoc., Boston, ‘Mass., $1. 
2 ) Proc eedings, Engrs. Club. - (29) Journal, Royal. Society of Arts, 
delphia, Pa. (30) Annales des Travaux ‘Publics de 
Journal, Franklin Inst., Philadel- Belgique, Brussels, Belgium. 
Pa., 50c. (31) Annales de l’Assoc. des Ing. Sortis 
(4) Journal, Western Soc. ot Engis. des Ecoles Spéciales de Gand, 
Monadnock BIk., Brussels, Belgium. | 
Transactions, Can. Soc. (32) Mémoires et Compte Rendu des 
Montreal, Que., Canada. Travaux, Soe. Ing. oy Civ. 
(6) School of Mines Quarterly, France, Paris, France. 


U Univ., » New York City, (33) Le Génie Civil, Paris, France. 


(34) Portefeuille Economiques des 
(7) Technology Quarterly, Mass. Inst. chines, Paris, France. 
Tech., Boston, Mass., 75c. (35) Nouvelles Annales de la 
(8) Stevens Institute Indicator, Stevens tion, Paris, France. 
-Inst., Hoboken, N. J., 50c. (37) Revue de Mécanique, Paris, ‘France. 
(9) Engineering Magazine, New York (38) Revue Générale des Chemins— de 
(10) Cassier’s Magazine, New York C ity, — France. | 
Wiley, New York City, 25c. Proceedings, Am. Inst. Elec. 
The. Engineer (London), Inter- Engrs., New York City, 50c. 
national News New York (43) Annales des Ponts Chaussées, 
City, 35c. “Paris, France. 
(13) Engineering News, New ‘York City, (44) Journal, Military Institu- 


tion, Governors Island, 
(14) The Engineering Record, New Yo York Harbor, 50c. 


rk 
(18) Railroad Age Gaz ette, New York 


(16) Engineering and Mining Jour nal, City, 8c. 
New York City, 15e. an hanical Engineer, Manchester, 
( 17) I Electric Railway Journal, New England. 
York City, 10c. Leitschrift, Verein: Deutscher | In- 
(18)— Railway ‘and Engineering Review, genieure, Berlin, Germany. 
Chic ago, Ill. » 10c. Zeitse hrift fiir Bauw wesen, erlin in, 
(19) Se “ientific American “Supplement, yermany. 
New York City, 10c. 
Age, New York City, 10c. (50) Eisen, 
(21) Railway Engineer, London, 
Bulletin, American Iron and Steel (53). Zeitschrift, 
 Assoc., Philadelphia, Pa. 
American Gas Light Journal, New Architekten Verein, 
(25) American "Enginee New York C. New 
(26) Electrical Review, London, 5) Transactions, Am. Soc. E., 


f Electrical “World, New York City, (56) Transactions, Inst. Min. 
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(81) Zeitschrift fiir “Architektur und In- 
land, privy genieurwesen, Wiesbaden, Ger-— 
Municipal Engineering, Indian- (82) Polytechnisches Journal, 
(61) Proceedings, “Western Railway Progressive Age, New York City, 
Ill, 25e. (84) Le Ciment, Paris, France. 
(62) Industrial World, a, 59 Ninth » (85) Proceedings, Am. Ry. Eng. and M. 
(63) Minutes of Inst. C. (86) Engineering- -Contracting, Chicago, 
— (64) Power, New York City, 20c. : aes (87) Roadmaster and Foreman, Chicago, 
(65) Official Proceedings, New York IIL, 10c. Ry 
Railroad Club, Brooklyn, N. Y., (88) Bulletin of the International — 
(66) Journal of Gas gium. 


(00) Pransactions, 


(71) Journal, Iron and Steel City 

(73) Electrician, London, England, 18c. “pour l’Industrie Paris, 
(74) Transactions, Inst. of Min. France 

 Metal., London, England. (93) sou Paris, 
(75) Proceedings, Inst. of Mech. Engrs., "s Bpance, 4 fr. 50. 

 Lendon, England. | (94) Boiler Maker, York City, 
Brick, Chicago, 10c. 
(77) Journal, Inst. Elec. Engrs., Lon- (95) International Marine Engineering, 


don, England. “Rew rors City, 20c. 


Curzon Bridge at Allahabad.* Robert Richard Gales, M. Inst. E. (63) 
Netravati Bridge at Mangalore.* - Archibald Scott Napier, M. Inst. C. EB. (63) 
King Edward VII Bridge, Newcastle-on-Tyne.* Frank William Davis and 
Cyril Reginald Sutton Kirkpatrick, Assoc. MM. Inst. C. E. (63) Vol, 174. 
New Bridge Crossing the Mississippi River at Clinton, Ia.; Chicago & North- 
western Ry.* F. H. Bainbridge. (13) Jan. 21. 
Rio Conchos Bridge of the Kansas City, Mexico & Orient.* W. W. Colpitts, 
The Rocky River Concrete Bridge near Cleveland , O.* (14) an. 23. _ 
Cost of Concrete Bridges. Henry H. Quimby. (Paper read before the National 
Assoc. of Cement Users.) (14) Jan. 23. 
Cost of Small Concrete Piers.* (14) Jan. 23, _ 
The Footwalks of the Blackwell’s Island Bridge.* F. W. Soc. 
and. J. Ferry. Jan. 23. 


Live Loads and Working Stresses in Railway Bridges.* os Gribble, A. M. 
A Comparison of Bridge Waterways.* B. Luten. before the 

‘Ind. Eng. Soc.) (60) Feb. 

Methods and Cost of a Plate Giréer Bridge ‘with Concrete. Piers.* 

An Bascule Bridge; Bascule across Creek, at Federal 

Camden, N. J.* (13). Feb. 4. 
Live-Load Positions for Maximum ‘Stresses in Arches. Wm. 
M. Am. Soc. C. (13) Feb. 4. 

Central of New Jersey Bridge Renewal at Bethlehem. (15) “Feb. 5. 

Les Ponts Modernes.* José-Eugenio Ribera. (From Revista de Obras Publicas.) 

Le Pont Neuf, Pont- Levant & Manceuvre Electrique au Port de Cette. * Herrmann. 
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Bridge— —(Continued). 


Pont sur la Maumee (Ohio). * (84) Dec. 
‘Ponts en Poutrelles Enrobées.* Siegler. (38) Jan. 
Pont en Béton Armé sur le Rhone, a vimout (Ain et Haute- 
Sspitallier. (33) Jan. 
Strassenbriicke iiber die Memel bei ‘Tilsit, Kénigin-Lu Luisen- Briicke.* D 
(49) ~=Vol. 1-3, 1909. 
Eine neue -Graphische ‘Berechnungsmethode fiir Beiderseits Eingespannte Trager 


7 mit Verinderlichem Tragheitsmoment. Rich. Wuczkowski. (78) a Jan. ball 
Re 


port of Committee on the Magnetic Testing of Tron and Steel. (Amer. Soc. for 
Testing Materials.)* (89) Vol. 8. 
niformity in Magnetic 17 resting and in Specification of Magnetic Properties.* 
Chas. W. Burrows. (89) Vol. 8. 
he Development of the Electric Piano Player.* Kelly. (3) Jan. 
The Telegraphone. Charles K. Fankhauser. (3) | 
The Electrical Qualities of Porcelain, with Special to Dislectric 
F. Haworth. (Abstract of paper read before Soc. (73) 


The Hemsjé Power Company, Sweden.* P. Frenell. (73) Serial beginning Jan. 8. 
The Post Office Radio-Telegraph Station at Bolt Head.* (27) Jan. 8. 
System of the Rochester Railway & Lighting Company.* (27) Jan. 14. re 
Factors Governing the Space Utilization of Electro-magnetic Windings.* Charles 
A Directive System of Wireless Telegraphy. EB. Bellini and A. Tosi. (Abstract 
paper read before the Physical Soc. (73) 
Deformation of Pressure Curves due to Load in Alternating Current Generators. 7 
Egon Siedek. (Abstract from Elek. u. Maschinenbau.) (73) Jan. 15. | ae 
Insulation of High-Tension Transmission Lines.* *, S. Denneen. (Abstract of 
ss spaper read before the Central Elec. Club.) (73) Jan. 15. an 
Station No. 3 of the Rochester Railway & Light Company.* (27) Jan. 21. “ 
The Influence of Frequency on the Equivalent Circuits of Alternating- “Current 
Transmission Lines.* A. Kennelly. (27) Jan. 21 
Representation of Synchronous Converter Phenomena.’ ‘Olin Fergus 


Jan. 21. 
The ‘improvement of Power Factor in Alternating- Current Systems. Miles 
‘Walker of paper read before the Inst. Elec. 
 Korn’s Apparatus for Photographic Transmission.* Louis” Dubois (73). Jan. 
Electricity and its Application to the Reduction of Waste.* A. B. Gridley. (Ab- 
stract of paper the Durham Eng. Boe.) (73) 
Metallic Filament Lamps.* W. AL Barnes. of paper read the 
Manchester Assoc. of Engrs.) (47) Serial beginning Jan. 22. 
The Power System of the Rochester Railway & Light Company. ‘Jan, 28; 
(27) Jan. 28. 
Fluctuations in the Speed of the Rotors of Alternators Operating in Parallel.* 
__ George H. Shepard. (27) Jan. 28. 
A New System of Wireless Telephony.* A. Carletti. (73) Jan. 29. 
Parallel Operation of Alternators. an E. Rosenberg. (Abstract of paper read before 
_ the Inst. Elec. Engrs.) (73) Serial beginning Jan. 29, = =  ~— 
Sending Pictures by Wireless.* Alfred Gradenwitz. Jan. 30. 
Prime Movers. * P. Steinmetz. (42) Feb. 
Electric Heating. W. S. Hadaway, Jr. (42) | Feb. a 
Length and Voltage of Transmission Lines.* Alton “Adams. ‘Feb. 
Electric Motors in a Brewery.* William Keily. (27) Feb. 4. 
Comparative Tests of Transformers.* A. C. Scott. (27) Feb. 4. 
Cost of Energy Stations Operating Mixed Equipment. 


Feb. 4. 
_ Electrique Pivotante Fixe de 30-10 Tonnes du Port de Nice. .* Ch. Dantin. — 
Die Gleichstrom-Querfeldmaschine und Ihre Anwendungen, Insbesondere fiir Blek-— 
trische Zugbeleuchtung.* Richard Neumann. (48) “Jan. 2s: 


The Two-Tone Vibrating ‘Transmitter and Inductive 

Barker. (73) Jan. 15. 
The of ‘Marine and ‘Propeliers.* Hamilton Gibson. (12) 
an 

Magnetic Survey Yacht Carnegie. (95) Fe Wes 
Piping up a Merchant Vessel for Steam Heat.* Dale. 
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CURRENT ENGINEERING LITERATURE | 


H. A. Everett. (95) Feb. 
A New Reversing ia ee Launches and Yac hts.* G. O. M. Olsson. b. (Comp 
from Teknisk Tidskrift.) (95) Feb. 
Application du Moteur Diesel a la Navigation.* A. Bochet. (32) Noy, 
La Traction Electrique des Bateaux sur les Canaux.* du Bousquet. 428) Nov. 
Der Doppelschrauben-Personen- und Prinz Friedr ‘ich Wilhelm. 


‘The Development and Status of the Experimental Model Basin. 


The Temper rature Gradient in Laval Steam-Nozzles.* (63) 
Method of Obtaining a Truly Circular Rolls. Thomas D. 
The Influence of Fine Grinding on the Limes Pr roperties of ‘Portland | ‘Cement. 
_ Richard K. Meade. (89) Vol. 
Lubricating Oils. Henry Souther. (89) Vol. 8. 
Special Features of a Recently = 600 000- Lb. Universal Testing ee 
New Forms of Pendulum Testing: Thorsten Y. Olsen. (89) Vol. 8. 
‘ommere in the Purchase of Coal on Specifications.* E. _Woodwell. 
Jol 
~The Use of the Extensometer ‘Commercial Work. D. Lynch. = (89), 8. 
_ The Direct Production of Copper Tubes, Sheets and Wire.* Sherard O. Cowper- — 
Evolution and Methods of Manufacture of Spur-Gearing.* Humpage. 
Inclined Retort Coal- and Coke- Handling Plant at Bristol. William Stagg. (75) 
The Destructive Agencies Acting upon Refractories. Bleininger. (76) Jan. 
Salt-Glazed Blue Brick. D. Cobb, A. M. I. M. E. (G6) ‘Jan. ining (76) 
Modern Practice in Making Dry Press-Brick. John J. Moroney. (76) Jan. ‘ 
An “Up-to-the-Minute” Yard, Scott System and Gas- ‘Kiln at Spinks Plant, 
Covington, Kentucky.* (76) Jan, 


- Gasification of Coal in the P roducer. a William Young. (66) ) Serial beginning 7 


The Collapse of Tubes under External Pressure.* §. E. Slocum. | (it ) aie 8. 
Yemperley Transporters.* (11) Serial beginning Jan. 8; (57) Jan. 15. | 
Rock Drill Making and Sharpening by Machine and Treatment of Drill Steel.* | 
Kimber. _ (Paper read before the Transvaal Inst. of Mech. 
(22) Jan. 8. > 
The Coal-Screening and Conveying Plant at the Collieries of Messrs. Burn-Yeat 
Brown and Co., Nine Mile Point, near Newport, Monmouth.* (57) Jan. 8. 
New Power Plant of Carnegie Institute.* Thomas Wilson. (64) Jan. 12. | 
A. B. CG. of Combustion in Boiler-Settings. Jacques Abady, M. inst. M. BE. (Paper 
before the Soc. Mec h. and Elec. Engrs.) (66) Jan. 
London Sliding Scale for Gas. Wm. D. Marks. (83) Jan. —" 
~The Commercial Truck vs. the Horse. * Benjamin Rogers. (46) ‘Jan. 
High Tension Ignition by Muagnets es * Roger B. Whitman. 
Hampton Power Plant of the D., L. & WR. R.* * Warren O. Rogers. (64) Jan 


Ferro-Concrete Coal Storage P lant. (87) J Jan. 
A Modern Coke-Oven Gas Plant; the urgoed Installatio 


Duffryn Steam Coal Co.* Jan. 22. 


The Laws of Heat Transmission in Steam Boilers, as pee from Experiment. ._ 


John 'Y. Nicolson. (Paper read before the Jun. Inst. Engrs.) (47) Seria 
beginning Jan. 2z. 


A Heavy Oil Motor Wagon.*” (12) Jam. 2200 


The Gréndal-Kjellin and Récbling- Rodenhauser Electric Steel Furnaces. 
5.000-Ton Press for Dynamic Compression of Fluid Steel. . (11) Jan. 22. 
Proportions of Diameter and Stroke in Petrol-Engines.* (11) | Jan. 22. 
Coal Briquetting, with Special Reference the Machine Built and 
Used by the Standard Fuel Company, Birmingham, M. Hale. (20) 
Jan. 2s. 
‘A Comparison of American ‘High- ‘Speed “Water Turbines 
Group of Reinforce ‘ed-Conc Wood ‘Distillation Plant, 
Ont? (13) Jan. 28. 
Coal | Shipping Arrangements at St. John’s Normanton.* (22) Jan. 29. 


the I Powell 


| 
= 
4 | 145 
a 
7 
4 q 
] 
q 
“i 
4 
q 
q 
4 


| 
= 

| 
| 
| 
pes 
| 
| 
| 
| &§ 
| 
| 
| 

5 

4 | 

: 
4 
4 

| 
| 

— | 
4 
— 
| 


met CURRENT ENGINEERING LITERATURE | 

= 


- The Utilisation of Exhaust Steam in Low-Pressure Turbines.* R. P.. Halliwell. 
(Paper read before the Rugby Eng. Soc.) (47) 


Serial beginning Jan. 2. 
Trials of Two Pairs of Compound Engines.* Michael Longridge, M. Inst. Cc. E. 
othe a of Chf. Engr., the Brit. Engine, Boiler and Elec. Insurance Co., 


Serial beginning Jan. 29. 
Experiments with Rolling Mill Plant.* F. Carleton Anderson. (Abstract of ———s 


read before the Manchester Assoc. of Engrs.) (47) Serial beginning Jan. 29. _ 
Form and Stability of Aeroplanes; 


“researches those of Lilienthal 
and Langley.* W. R. Turnbull. (From Physical Review. ) (19) Jan. 30. © 
The Manufacture of High-Speed Steel.* 


M. Becker. Feb. 
Prime Movers.* Charles P. Steinmetz. (42) Feb. ea 


Lay Out of a Horizontal Return Tubular Boiler 18 Feet Long by 72 Inchés — 
eter.* R. R. Sturgeon. (94) Feb. 
Reinforced Openings in Boiler Shells.* S. F. Jeter. 


Energy in a Pound of Steam.* Fred R. Low. (o4) | Feb. 2. eo _ 


Surface Condensation for Steam Turbines.* E. Josse. of paper read 
before the Schiffsbautechnische Gesellschaft.) (64) at ot 


Le Carborundum.* L. Baraduc-Muller. (32) Nov. 


Sur une Cause de Rupture des Sieges de Soupapes. L. -Lecornu. GF). Dec. 
le Travail Dépensé dans le Laminage de la Tole Mince.* De Loisy. (93) 
Développement du Procedé de Compression de l’Acier par Tréfilage. Beutter. 


Les Mati@res abrasives Industrielles.* Jean Escard. (34) Serial beginning Jan. 
‘Grille Articulée pour Chaudiéres a Vapeur systéme E. 


La Nouvelle Aciére | Thomas des Usines Métallurgiques 
_  Yhénane).* (33) Jan. 2 
Le Salon de l’Aéronautique et des Véhicules (Paris, 24- 30 décembre 
1908).* G. Espitallier. (33) Jan. 9. 
Les Progrés de l’Automobilisme en 1908.* Drouin. (33) Serial beginning 
Abdampfverwertung una Neuere Abdampfanlagen. Hugo Weinberger. (53) Jan. 
Dampfmesser.* F, Bendemann. (48) Serial beginning Jan. 2. 
iiber die der Kommission zur Ermittlung an 
Walzwerken.* . Ortmann. (Paper read before the Verein Deutscher — 


Metallgegenstinden in Alter und Neuer Zeit. Otto “Vogel. 


Das Verzinnen von 
_ (Paper read before the Deutsche Giessereifachleute.) (50) Jan. ee 
mit Trockenem und Nassem Koks.* 


Betrac htungen tiber -Kupolofenschmelzen 
Deutsche Giessereifachleute. ) (50) 


Cc. Geiger. "(Paper read before’ the 


Elektrisch Betriebener Bockkran fiir die Ve rladung von Ingots.* R. Dub. (48) 


Feuerungskontrolle und Maercks. (48) Jan. 23 


Tests on the Metallurgy being conducted at Arsenal, Mass. 
Can Ingotism be Cured by Pena ‘Exposure to the Temperature at which Over-. 
heating is Cured?* Henry M. 


(89) Vol. 8 


Some Practical Applications of Metallography. - William Campbell. (89) Vol. | 
‘Repent of the Sub-Committee on Metallography. (Amer. Soc. for Testing oo. 

Some American Blast Furnace Plants. (12) Serial beginning 

The Manufacture of Steel for Castings. * Bradley Stoughton. — (Abstract of paper 

read before the Pittsburg Foundrymen’s Assoc.) (47) | Jan. 8. 

‘Slag Car used at the Cananea Smelting Works.* Charles F. ‘Shelby. (16) Jan. 23. 
The Central Zinc Company’s Works at Seaton Carew.* (11) Jan. 29. 
The Mysteries of Metals. J. Arnold. ¢ (Paper test.) 


The Carrying the ‘Results of some Experiments with 


Launders of and at Grades.* Brown- 
(45) Fe.  —_ 


Goldschmidt. 
30. 
Untersuchungen iiber den Einfluss der auf die 
Kiirth. (48) Serial beginning Jan. 
Experimentelle Untersuchung des _ Thomasprozesses. 
(50) Jan. ‘St. 
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CURREN T ENGINEE RING LITERA 


‘Unsolved Problems in Metal- * Henry Louis, M. Inst. (63) ¥ 
0 


Appliances for g with Dust at the Pit Mouth. From (22) 


Jan. 


Spraying Coal Dust as a Colliery * ‘Harrington. Jan. 23. 
The Cardiff Coal Washery. (57) Jan.29. 


Dev and Cage Guides. . (From Glickauf. (57) 
an 
(16) 
7 Methods of Mining the Pc Orebodies. * C. M. Campbell. a2 
The Delagua Mines of the Victor Fuel Co.* F. W. Whiteside. (45) | Feb. 
The Jenner Mine of the Somerset Coal Co.* John L. Wagner. 4 (45) Feb. 
Maschinenwirtschaft in Bergwerken.* 4H. Hoffmann. (48) Serial» beginning» 
2 


Maintenance and ‘Defect Clauses. (12) Serial t beginning Jan. 
Standardisation and its Relation to the Trade of the Country. “ ‘Sir_ John Wolfe 


Barry. paper read the Engrs. and Shipbuilders in Scot- 
land.) (11) Jan. 29. 


Carborundum. _L. Baraduc- -Muller. (32) 
34 


) Serial beginning Jan. 


(33) Serial 


American ‘ees for Te Testing Materials, Philadelphia, Pa.. U. S. A. Affiliated with — 
the International Association for Testing ‘Materials: Standard ‘Toughness Test 
for Macadam Rock. (89) Vol. 8 

American Society for Testing Materials, Philadelphia, Pa., Affiliated with 

the International Association for Testing Materials: ‘Stenaara 
for Road Material. (89) Vol. 8. 


An Improved Paving Brick; Wire- Cut Brick made | Cheaper ar and Better than Re- 
pressed Brick.* (76) Jan. 
Recent Developments in the Street Lighting of Berlin. and Comparison with 
_ Former Methods of Illumination.* L. Bloch. (73) Serial beginning Jan. 1. 
Standard Specifications for Portland Cement Roads and Portland Cement Side- 
walks. (Abstract from report to the National Assoc. of Cement Users.) (86) 
‘Report on the Recent First International Road M. 

Am, Soc. C. E. (13) Jan. 21. — 
The Latest Advances in Street Lighting in Berlin. (Abstract 
Journal fiir Gasbeleuchtung.) (66) Serial beginning Jan. 26. 
‘The Bitulithic — by the U. S. Circuit Court of Appeals. 
(13) Jan. 23 

Reinforced Concrete Retaining Wall at St. George, Staten” Island. * “Louis 
Tribus. (Abstract of paper read before the Mun. Engrs. City of N. Y.) (60) 


Cost of Street Paving in Fifty American Cities. (86) Feb. b. 3. a ae 
Le ‘Congrés de la Route, _Compte- ‘Rendu. Nov. 
Some_ of the “Test ‘ts of Steel at Watertown Arsenal.* 
James E. Howard. (89) Vol. 
A Microscopic ‘Investigation of Broken Steel Rails ; Manganese as. a source of 
Danger.* Henry Fay. (89) Vol. 
‘Rail Failures, Mashed and Split Heads. M. H. Wickhorst. (89) 
Some Notes on the Rail Situation. E. F. Kenney. (89) Vol. 8. 
‘fome Results, Showing the Behavior of Rails under the Drop Test, and Proposed — 
Va. 
Features of the Present Steel Rail Question Charles B. Dudley. 


American Society for Testing Materials, ‘Philadelphia, Pa., U. Affiliated with 


International Association for Testing Materials: "Standard 
for Steel Rails. (89) Vol. 8 
Tests of Reinforced Concrete Block Sewer and Railway Culvcrts.* Burton Lowther. 
ced Lubrication for Axle- Boxes.* T. Hurry Riches and Bertie (75) 
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*Tllustrated. ed. 
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CURRENT 
Railroad—(Continued). 


Engine Terminal the Wabash Railroad _ Company at 
Decatur, Ill.* A. O. Cunningham. (Paper read before the Engrs.’ Club « 


ITERATURE 


The Life of Side Sheets of Wide Fire boxes (Locomotive). * ¢ C. A. "Seley. ; oD 
Continuous Brakes on Goods Trains.* J. Doyen. (88) Jan. ee sti 


Vacuum-Brake Trials (Hardy “System) on the Lines of the ‘Austrian State Rall- 
 ways.* (88) Jan. 
Electric. Traction by Simple Europe; Locarno- Pontebrolla- 
Bignasco Railway.* H. Marchand-Thiriar. (88) Jan. 
Experiments with Safety Appliances for Preventing Trains from Over- “Running 
‘Signals Standing at ‘““‘Danger’.* Gonell. (From Zeit. d. Ver. deutsch. Hisen- 
bahnverwalt.) (88) Jan. 
Iron Sleepers and Wooden Sleepers; Their Relative Economy. (From Zeit. a. Ver. iS 
deutsch. Eisenbahnverwalt.) (88) Jan. 
w Rail Section and Specifications, Canadian ‘Pacific F. 
of paper read before the Canadian Ry. Club.) (18) > Jan, 9. 
New Rail Specifications of the Pennsylvania R. R. System. (13) Jan. 14; 7 
Block Signal and Contr ol: First Annual Report to the iadeaniiati Commerce > Com- 
mission.* (13) Jan. 14; (18) Jan. 16; Janu; 15: 
The Life and Wear of Rolling- Stock. M. Stahl. (Report to Genl. . Mer. of ‘munte- 
ipal tramways at Diisseldorf.) | (73) Serial Jan. 15. 
The Baker-Pilliod Valve Gear.* (15) Jan. 15. 
Useful Devices at Silvis‘‘Shops of the Rock Island.* (15) Jan. 15. 
Flange Lubrication on Southern Pacific System.* (15) Jan. 15. 
Electric Locomotives for the Great Northern.* (15) Jan. 15. a os 
‘Pittsburg, Harmony, Butler & New Castle 1200-Volt, D. C. Railway.* John R. 
Methods and Cost of Constructing T-Rail Track with Carnegie Steel Ties, “Utica . 
Mohawk Valley Ry. M. J. French. baad sata before the N. Y. State St. Ry 
The Carolina, Clinchfield & Ohio Ry.* | (43) Jan. 21. es eo eae 
Electric Traction on Urban and _ Inter- Urban Steam Railways. H. E. O’Brien. 
(Abstract from Proceedings, Liverpool Eng. Soc.) (73) Jan. 22. — 
Mallet Type Locomotive, Denver, Northwestern & Pacific Ry.* (18) Jan. 23... 
Structural Details in the New Grand Central Station, (14) Jan. 
Electricity in an Indian Railway Workshop. (26) Jan. 2 
The Wilmslow and Levenshulme Railway.* (12) Jan. a 
~The Connection between the ‘Westerly Approach 1 and the -Subaqueous Sections the 
‘Detroit River Tunnel.* (14) Jan. 30. 
New Interlocking Work on the Baltimore & Ohio R. R.* (18) ‘Jan. 30. ; 
The Hammer Blow from Incorrect Counterbalance (Action of a wheel on the rail).* . 
 H. H. Vaughan. (25) Feb. 
Summers’ Steel Hopper Car.* (25) Feb. 
Weight Distribution of Mallet Articulated Locomotives.* H. M. Sloat. (25) Feb. 
Balanced Compound Passenger Nashville, Chattanooga and St. Louis 
Railway.* (25) _ Feb. 
Articulated Compound Locomotive 0- 6- -6-0 Type, Denver, rthwestern & Pacific 
Railway.* (25) _ Feb. 
_ Comparative Tests of Run-of-Min 
Failure of Side Sheets on Wide Fir ebo x Locomotives.* Vv 
Narrow Gauge Mallet Articulated Locomotive.* (25) Feb. 
Effect of Brick Arches and Blowers on Smoke from Locomotives. ai mm Feb. 
a Differential Joint for Railway Car Axles.* (13) Feb. 4. 
The Automatic Signals on the Boston & Albany.* (15) Fob. 


He 
3 


F. 


Johnston. (25) 


The Allfree Locomotive Valve.* Feb. 5. 

Valuation of Railways in Minnesota. Feb. 5. 
Tests of Llovydell Coal and Briquets on the ‘Locomotive Testing Plant 4 Altoona. 
. (as) 5S; (8S) Jama. . ..... 
Financial Problems confronting Elevated Railway s. 

-Practicability of Light and Power from Electric Railway Transmission Circuits.* 
H. Kelsay. (Abstract of paper read the Central By. Assoc.) 


Notes sur la Signalisation des Chemins de rer Beletque, Suisse, Italie) ; 
Mémoire de Mission 4 ]’Etranger.* Ed. Epinay. (43) Mar., 1908. ee 
Etude des Joints des Rails: Mission a l'Etranger, Selstens, Italie, Suisse, Hollande, 
Rapport d’Ensemble.* Pellarin. (43) May. 1908. 
Etude du Service Télégraphique dans les Chemins de Fer; Mission a V'Btranger. 
_ Belgique, Italie, Suisse, Hollande, Rapport d’Ensemble ‘et de Détail. Pellarin. a 
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CURRENT ENGINEERING LITERATURE» 


Note sur le Joint Asymétrique.* _ -H. Bouchard. (38) Jan. 
Ueber den Gegenwartigen Bauwerkes. 
Jan. 5. 
in _Nordamerika. * Dr. Blum and 
beginning Jan. 9. 


The of Tramway and Railway World. 

an 

The “G. B.” Syste em Tramway Manager’s Point of View. Stanley | 
(Abstract of paper read before the Inst. Elec. Engrs.) (73) Jan. 15. 

r: ombination Closed and Open Car of Pay-as-ycu- -Enter Type for the | Third Avenu 
‘Railroad Company, New York.* (17) Jan. 23. 
Arnold Report on New York Subway Traffic.* (17). 
Factors Determining the Efficiency of Trolley Wire. Carl F. Woods. (Abstract. of 
Paper read before the Amer. Chem. Soc. alla Jan. - 30. 


‘Sanitary. Wossitale aud Agvtume 1 
Some Methods of Heating adopted ‘Hospitals and Asylums ‘recently Built.* 
«Ernest Richard Dolby, M. Inst. C. Vou. = 
Tests of Reinforced Concrete Block Sewer and Railway Culverts.* Burton Lowther. 
An Electrically-Driven Sewage Sy stem.* (73) Jan. 
Pumping Station for Flood-Water at Southsea.* 7.22. 
> Methods and Cost of Constructing a Concrete Sewer in Freezing Weather.* ~ (86), 
Some Sewer Gaugings.* Delmar EB “(Paper read before the ‘Mich. Soe.) 
Structural Details and "Methods of Consteuctinan of the Lawrence Avenue 
Tunnel, Chicago Intercepting Sewer System.* (86) ‘Feb 3. 
_ Construction of a Concrete Block Sewer in Toledo, Ohio.* | Frank’ I. Consaul. 3) 
The Reclamation of the the Beach City 
Fe a 
Recent Improve ements of Stony Feb. 6. 
Filtrage de l’Air.* J.-J. Pillet. (92) Dec. 
Fours pour l’Incinération des Ordures Menageres.* (35) _ Serial beginning Jan. 
-Einfihrung in die oo der Abwasserreinigung.* A. Liibbert. (48) Serial be- 
Report of Committee on Standard Seecttentions for Cast Iron and Finished Castings 7 
(Amer. Soc. for Testing Materials). (89) Vol. 8. 
The Influence of the Absorptive Capacity of Brick upon the Adhesion of Mortar. ul 
D. E. Douty and H. C. Gibson. (89) Vol. 8. 
Forest Service Tests to Determine the Influence of Different Methods and pues a 
of Loading on the Strength and Stiffness of Timber.* McGarvey Cline. (89) 
“The Effect of the Speed of Testing upon the Strength of Wood and the a 
of Tests for Speed.* Harry D. Tiemann. (89) Vol. 8 
The Analysis of Oil Varnishes. Parker C. MclIlhiney. Vol. 
Certain Solubility Tests on ‘Protective Coatings. Gustave W. 89) 
= Inhibitive Power of Certain Pigments on the Corrosion of Tron. and Steel.* 
Allerton S. Cushman. (89) Vol. 8 
Lime and Cement Mortars. E. W. Lazell. (89) Vol. 8. 
Standards for Portland Cement, ‘Especially the Tensile ‘Strength. Ww. 
Maclay. (89) Vol. 8. 
‘Sands: their Relation to Mortar and Concrete.® Henry 8. Spackman_ ont Robert 
Lesley. (89) Vol. 8 | 
Tests of Reinforced Concrete under Oft- Repeated Loadings. 


Report of Committee on the Tempering and ome of Steel Springs and Standard 
7 


of Committee on the of Iron and Steel. (Amer. Soc. for Testing 
Electrolysis and Corrosion. Allerton S. Cushman. (89) 
The Relative Corrosion of Steel and Wrought Iron Tubing.* Henry M. Howe and ~ — — 
‘Bradley Stoughton. (89) Vol. 8 
- Preliminary Program of Tests of Steel Columns to be Executed at U. S. Watertown — 


ustrated. 
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ENG INEE WING LITERATURE 


Structural— (Continued). 


Supplementary Program of Tests of Ste Steel ‘Columns.* * (89) Vol. 
Some Results of the Tests of Steel Columns, in Progress at the Watertown Arsenal. - a 
Tests of Bond in Reinforced Concrete Beams.* Morton O. Withey. (89) Vol. 8. 
‘Cement and Concrete Work of United States Reclamation Service, with Notes on 
of Concrete bd Action of Alkali Water. J. Jewett. (89) 
Shearing Values of Stone and ‘Henry H. (89) “Vol. 
Permeability Tests of Concrete with the Addition of ‘Hydrated ‘Lime. .° ‘Sanford 
Tests of Staybolts.* E. L, Hancock. (89) Vol. 8. A 
Materials Subjected to Combined Stresses. E. L. Hancock. 
( 
Charac teristic Results of Endurance on Wrought Iron, Steel ‘and Alloys.* 
Henry Souther. (89) Vol. 8. 
Manganese Bronze. Cc. R. Spare. Vol. 8. 
Paint Analysis. Percy H. Walker. (89) Vol. 8. 
Paint Analysis. P. C. Mcllhiney. (89) Vol. 
Report of the Director Tests (Paint). Hobert Be Potter. 
VO 
American Society for Testing Materials, Philadelphia, U. Affiliated with 
= International Association for Testing Materials: ‘Standard Test for Fire- | 
Proof Floor Construction. (89) Vol. 8 (0 
American Society for Testing Materials, Philadelphia, Pa., s. "Affiliated 


the International Association for Testing Materials : : Standard Specifications 
for Cement.* (89) Vol. 
Method of Detecting the Bending ; Including | ‘Description of the 
mp, SPhingometer.* C. A. M. Smith. (75) July. | 
The Use of Asphaltum. Harry a. (Paper read before the Tech. ‘Soc. of the 
of Concrete as Applied to Buildings.* Leonard Cc. Wason. 
read before the National Assoc. of Cement Users.) (14) Jan. 
(13) Jan. 14; (86) Jan. 13; (60) Feb.; (67) Jan, 
Progress of Construction on the Cathedral of St. "din the Div ine.* (14) Jan. 23. 
A Three-and-a-Half Million — Guided Holder at Newcastle- -on-Tyne.*. (66) 
- Method of Underpinning a Building Wall with a 55- Ft. Span Reinforced Concrete 
 Girder.* (86) Jan. 27. 
The Philadelphia Opera House.* 4) Jan. 30. n. 30. 
Cold Storage Warehouses of Concrete Construction. ‘Perry. 
(Paper read before the National Assoc. of Cement Users.) (14) “Jan. —_ 
The Majestic Theatre Building at Los Angeles.* (14) Jan. 30. | a 
The Cost of Cement Block Walls compared with the Cost of Brick | Walls. ¥ * si 
= Smith. (Abstract of paper read before the National Assoc. of Cement Users.) 
Expériences sur pea Jonctions de | aed Tendues dans les Poutres en Béton Armé.* 
Mesnager. (43) Mar., 190 
Les Supports Extensibles, systéme A. Quillery.* (84) pe. ain 
Importante Découverte d dans VIndustrie Chaux et Ciment. 
Dec. 
Expériences | sur VEssai_ au Choe a Variable.* Guillet et 
Révillon. (93) Jan. 
-Empergers Versuche mit Saulen. Max R.. ¥- ‘Thullie. (53) 25. 
des Rathauses in Frankfurt am Main.* Fr. Hoven und L. 
Serial beginning Jan. 5. 
Entwurf fiir eine Luftschiffbauhalle in ‘Eisenbeton. * Mees. (78) 8. 
Ueber einige W6lb- und Kuppelbauwerke in Eisenbeton.* Karl W. Mautner. 7 (51) 7 
Siulenversuche Sachs & Pohlmann, Hamburg.* (78) Serial beginning 


A. Tichy. 


Topographical. 


Trigonometrische Lingenbestimmung Geoditischer Grundlinien., 
Serial beginning . Jam. 0 


‘Water Supply, 


Survey for Port + Elizabeth ‘Wa ater- Supply. —— Dimond Horatio Braine. — 

Inst. C. E. (63) Vol. 174. 
Port Elizabeth Water-Supply.* W illiam Ingham, M. Inst. | E. (63) Vol. 174. 7 
Water Supply of Hythe (Kent). Chris. Jones (Abstract of paper read before the © - 
Assoc. of W. W. Engrs.) (66) Jan. 5. 
The Failure under Test Load of Reinforced- -Concrete Reservoir, Annapolis, 
_ Mae R. H. Danforth. (13) 
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CURRENT ENGINEERING LITERATURE 


Water Supply—(Continued), 


The New Covered Filters for Yonkers, N. 16. 
Irrigation in Victoria. H. G. McKinney, M. Inst. C. BE. (14) Jan. 16. 

Progress on the Ashokan Reservoir.* (14) Jan.16 — | 
Cost of Reinforced Concrete Siphon for the Belle Fourche Irrigation Works. | (From 
Reclamation Record.) (86) Jan. 20; (14) Jan. 30. 

Toronto Waterworks Tunnel.* (12) Jan. 

“Pipe Supports.* A. Hculson. (47) Jan. 22. 

The New High Pressure Service Reservoir of the Baltimore Water System.’ 

Administration’s Position regarding Water Power Development. Jan. 

“The. Gate-House of the New High Service Reservoir at Baltimore. ib (14) ieee 20 

The White Coal of Sweden ; a Study of the of Power 

of Scandinavia.* John George Leigh. (10) Feb. a 

Boiler Feedwater and its Treatment. J. R. Campbell. (45) 

San s Efforts to Obtain Municipal of its W Supply. * (43) 
Feb. 4 

Methods ‘and Cost Data on an Irriga zation 
Young, Assoc. M. Am. Soc. C. E. (13) Feb. 4. To 

Epuration des Eaux Usées. Michel. (Abstract of paper re 

Marseilles.) (43) May, 1908. 

Les Distribution d’Eau au Japon, en 1907. Ed. Imbeaux. ory May, 190 

Usine Hydro-Electrique de ‘Vis a (Hérault). Michel 

La Vente de Potable les Villes ‘Compteurs divers et Appareils Limi- 

 tateurs de Débit. P. Juppont. (33) Jan. 23. 

Der Bad eines Zuwasserungskanales- fiir ‘Stadland ‘und Butjadingen und die 


und Entwiasserung.* Kuhlmann. (49) ‘Vol. 1- 8, 1908. 
aterway, 
"Dredging and the Removal of Submarine Rock at Malta.* Arthur Langtry Bell, 
The Removal of Submarine Rock. Harold M. Inst. c. E. 
§ 
Iron Ore at Aguilas, (Abridged), Gueteve ‘Inst. ©. E. 


Recent Improvements to the Harbor at Cleveland, Ohio.* (14) Jan. 16. 
Method of Making and Placing Pile Protection at Everett, Wash.* (14) © Jan - 16. 
~The Improvement of Manitowoc Harbor, Wisconsin.* (14) Jan. 23. 
i. he Training of Divers, the Work of the British Naval School.* (19) 
Report of the Waterways Commissioner of Jan. 28. 
New Harbour Works at Baltimore.* (12) Jan. 29 Cee 
The Lock in the Mississippi River at Moline, IIl.* ‘Jan. 30.. 
A New Sub-Aqueous Rock-Breaking Machine with Chisel eanes in Air Chamber.* 


Barton H. Coffey. (13) Feb. 4. 
The Core Wall in a River Wing Dam at a Tll.* (14) Feb. 6. 
La Nouvelle Entrée et les Travaux de Transformation du Port: de Saint-Nazaire. -_ 7 


Mallet. (43) May, 1908. 

sur la Réfection de la Rigole de Chazilly du Canal de Bourgogne au Moyen de 

Chapes en Béton Armé.* Hégly. (43) May, 1908. ner 

- Fondations sur Massif de Béton immergé dans les Caissons sans Fond reposant | 

Lit d@’ dans un Courant Rapide. * Armand. 
190 

Les, Glaces de Mer, Glaces de iéres ; res de Préservation et de Déelacase 

Der Neubau der St. Pauli- Landungsbriicken Hamburg. Schacht. (51) 


Die Ausfiihrung von Seesenkwerken aus Hisenbeton.* Robert de Muralt. (78) 


’ 


d 
‘The New Piers for ‘Transatlantic Steamships, Improvement, New York 
Gity.* (13) Jan. 14. 
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PROCEEDINGS 


This Society | is not responsible, as a body, for the facts and opinions advanced 


_in any of its publications. 


SOCIETY A 
CONTENTS | 
Minutes of Meetings: 


Of the Soe iety, F Februar y March 34d, 1909, 


P rivileges of E ngineer ing $ Societies Ex xtended t to Members. Bes Ene ane 
Searches in the Library............. RAMA 
~Loeal Associations of Members ‘of the American Society of Civil E 
The John Fritz Medal..... 


Accessions to the Library: 
Donations 


Membership (Additions, Changes of Addres 
Recent Engineering Articles of Interest 


MINUTES OF 


OF THE SOCIETY > 


ercival 


wW. K. meeting was called to order at 8.30 Pp. M.; 


ensson. 


George W. Tillson, Dire ctor Soe. C. E., in the chair; ‘Chi as. Warren 
Hunt, Seeretary; and present, also, 102 members and 6 guests. 


Papert by RK. Bolton, M. Am. Soe. entitled he Opera- 


Onward | 


i tion of Passenger Elevators,” was presented by the author and discussed _ 
Gerber, oon: lly by Messrs. B. Stanton, W Boucher, F. Lavis, No oah 
Cur nmings, and the author. 
| 


‘March 3d, 1909 
s resident Onward Bates, i 


meeting: wa: as 


cal; 
- 


alled to order at 8.30 ; 
in the cha air; Chas. ‘Warren TIunt, Secretary 


and present, also, 252 members and 50 guests. 


M.S 


AMERICAN SOCIETY OF CIVIL ENGINEERS 
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‘The minutes of the 20th, of f the 


“meeting February 8d, 1909, as printed in the 
roceedings for F ‘ebruary, 1909. 


The President appointed Messrs. T. Kennard Thomson, Frank E. 
Winsor, and A. S. Nye as Tellers to canv ass | s the ballot on the following 


Proposed amendment to the Constitution : 


Amend Article III as follows: 
Seetion 1 —Amend the last para agraph to read as follows: 
members other Ho jorary Members and Juni 


shall be admitted to the Society only by vote of the Corporate 


Members, as hereinafter specified.” cin 


Section 3. —Amend the last sentence of th ‘the first paragraph to ‘tead 


Not less “a twenty days after the issue of such list, the 


a. of J Direction shall consider these applications, together : 


with any information in regard to the applicants that may have 
been received; may make further inquiries, if deemed expedient; 
“shall classify the applicant, with his consent, on applications 
for admission may direct a ballot.” 


Amend te last paragraph to 1 read as follows: 7 


“The Board shall have the power to elect persons to tenes 
of Junior, and to transfer persons from any grade except that of 


Junior to a higher grade of membership, and shall notify the 
Membership of its action” 


Section 4.—Amend Section 4 to ‘read as follows: 4 


“The ballots shall be letter- -ballots, in a form to be prescribed | 
by the Board of Direction. They shall be mailed to each Corpor: ate 
Member whose address is known, and shall state the date cn— 
which the ballot is to be canvassed, which shall be not less than 
twenty days after the i issue of the ballot. Negative votes equal 
to one per cent., or tothe whole number nearest to one per cent., 
of the total corporate membership at the time of voting shall 

exclude fromelection. | 
rejected may renew his application for member-_ 
1 of one year from the « date of 

the ballot rejecting his p prev ious s application.” 
The | Tellers reporte ted as follows: 


On the adoption of the to TH, relating to the 


“Method of Election of ‘Members: 


otal number of votes received. 
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NU MEETINGS: 1 
An affirmative vote of two-thirds of all ballots cast being necessary — 
for the adoption of an amendment to the Constitution, the P tveiident 


declared the amendment lost. 
itled 


A paper by Messrs. Ernest R. M: _— and James Watson, -entitlec 
“The Action of F rost on Cement and Cement Mortar, Together With 
Other Experiments on These Materials,” ’ was presented by title and 


discussed orally” by Messrs. J. L. Davis, R. B. Stanton, E. W. Stern, — 


4 and John C. W ait; and the Secret tary read communications on the sub- 


ject W M. enable and Herbert W. ‘Hatton. 

A paper by | a  P. Goodrich, M. Am. Soe. C. E., entitled “The Bond- — 
ing of New to “Old Concrete,” was presented by the author and dis- — 
sed orally Messrs. E. J. Fort L. Davi is, Myron H. Lew is, 


. W. Stern, and the ¢ author. AD cotmmiunieation on the subject from 


H.R. Burroughs, Jun. Am. Soe. C. E., as presented by the Secreta ary. 


ecretary announced the election of the following candidates 
by the Board of Direction on March 2d, 1 1909: a 


M [eMBERS. 


HOMAS Turor Au Lar, Hi: 
Wit L W, ALLACE ATTE RBURY, hiladelphia, Pa. 
Te PRSCHE L Al. BERT Benepict, Alb any, ¥. 

HARLE LES SLAC susow Boanpata AN, B uffalo, N 
DWARD WEBSTE R CRELLIN, 

Louis Curris Kesey, Salt Lake City, ‘Utah. 
Guy McMorrry, Yuba City, Cal. 

J ames Auaustu s Ne LSON, Pittsburg, Pa. > 

SaMuU Henry R, Ww oreester, Mass. 


»C 
RS. 
Arnott, New Y ork City. 


Cnartes Biayioc K, Chicago go, 

Pau. Bruce 3RENEMAN, State ‘ollege, Pa. 
ALEXANDER CopLaNnp, Richmond, Va 
CHARLES 8 WELLS Eppy, Thomaston, Conn. _ 
Oscar LLEWELLYN GROVE ER, Richmond, Va. 

BEN NJAMIN ANDEI Hopepon, New v Y ork ‘City. 
Frank Jup pp, Chicago, 

Barton KIRKPATRICK, Manila, Philippine | Islands. 
“Morron MAcaRTNE y, Spokane, W ash. 


Joun Josepn Murray, yonkers, N. 


“Tuomas Jerr Powett, Washington, C. 
Eugene J ESSE LIGHTS, New York City. 
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MINUTES OF MEETINGS 
As ASSOCIATE. 
WARD Micuarn ES, Cleveland, Ohio. 


H A A 

Harris Arkusu Appr 

RANKLIN Bascock, Toland, Pl ilippine Islands. 
T BARNES, New York City. 


D REDERICK «x F ORSY TH, W 
C OHEN ILBRONNE Schenectady, N.Y. 


Pau FRaNciIs Diaz » Porto” Rico. 

Cuartes WILLE TT Spooner, Ann Arbor, Mich. 

EpwINn DELEVAN Tittson, New York City. 


BENJAMIN FRANKLIN VA \NDERVOORT, New Y ork © ity. 
Louis WACHTEL, Albany, 


The § Secretary announe cod the. transfer of. the following candidates 


by, the Board of Direetion | on March 2d, 1909: : a 


F ‘ROM ASSOCIATE MEMBER MeEMBE Re 
a C LARENCE Epson AL DERMAN, Boston, Mass. 


FRANKLIN, Ba ASCOM, Allentown, P a. 


f Baum Brew STER, By: racuse, N. 
es ALBERT Mc Kenney, Washington, 
UGENE E WVERETT PE TT Boston, Mass. 
Francis Lansina Pru YN, , New York 
Water Ev ANS SPEAR, Brooklyn, N. Y. 


MacIntire New York City. 


et Junior ASSOCIATE 


Francis Frevping Lonciey, ashington, D .C. 
Rosert Fau LKNER Moss, Hoilo, Philippine Is slands, 
Atrrep MarsHaut Wy MAN, East Orange N. J. 


_ The Secretary announced the transfer of the following ¢ candidate 


by the Board of Direction on Febru: uary 2d, 1909: - 
FroM ASSOCIATE TO AssociaTe ME MBER. 


Salt Lake City, ‘Utah. 


Ricnarp Roswe. L Ly 
The the election of the candidate 
by the Board of Direction September Ist, 1908 : 


Tutor. 


Lius LILIEN Houston, T ex. 


‘The Secretary announced the following 


FRAncis Bu ember June 6th, 1888; died 
15th, 1909, 
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‘Affairs. ] ANNOUNCEMENT TS 


The ‘the ‘Society is open from A. M. to 10 P. 
ev ery day, except Sun ‘Sundays, » Fourth - July, Thanksgiving Day, and 


MEETINGS 
a 


j "Wednesday, . April 7th, 190 30 P. M.— A paper on “The Sixth | 
Street, Viaduct of Kansas City,’ by E. . How ard, Assoc. M. Am. Soc. 
©. E., will be presented for discussion 
ry, 1909. 


This paper was printed in P rocee dings for Februar 


Wednesday, April 21st, 1909.— P. M.- Two papers will 


presented for discussion, as follows: The Maximum Weights of Slow 


g by C. S. Bis sell, Am. Soe. C. EK. and “Sampittic 
Surfacing,” by W. W. Crosby, M. Am. Soe. C. E. 
These papers were printed | in Ps oceedings for February, 1909. 
lates 7 Wednesday, May 5th 1909. —8. M Two papers will be | 
presented discussion, as follows: ‘A of Cost 
‘by Myron S. Falk, Am. Soe. E.; and The Design of 
Eley vated and Stand- Pipes,” by Bireh-2 -Nord, Assoc. ] M. 
Soe. ©. E. 


These papers are printed in this number of Proceedings. 

_ Wednesday, May y 19th, 1909.— —8.30 P. -M.—A paper entitled “The 

Sewer System of San F rancisco, and a Solution of the Storm- Water — 
Flow Problem,” by C. E. Grunsky, M. Am. Soe. C. E., will be presented — 


This | paper is printed i in this number of Proceedings. 


ANNUAL CONVENTION he 
~The Forty- first Annual Convention of the Society will be held at 


the Mount Washington Hotel, Bretton Wo ods, N. H., from July “6th” 
to July: 9th, 1909, ‘inclusive. | 
The general arrangements. for the are in the hands of 


COMMITTEE OF THE BOARD DIRECTION | 


idate 


didate G. W. Tintsoy, Ww ARREN, “Hun T. 


‘LOCAL COMMITTEE 

Grorce A. ‘Kean, 
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NNOUNCEMENTS 

PAPERS: AND_ DISCUSSIONS 
The first volume of T Transactions for 1 1909 (V. ol 
‘issued in ‘about ten days. There will be three additional volumes: 
issued for this year. As will be seen, this volume | is as large a as 3 those: : 


recently issued semi- -annually. 
It is hoped that me mbers and others who take part 

cussion of the papers presented - will revise their remarks promptly, 
and that all written | communications from those who cannot attend 

the “meetings will be sent in at the earliest possible date after” 
the issue a ‘paper Proceedings. The is volumes of 

Transactions is dependent on the closing of discussions, and the co- 


operation of the membership will now be more necessary in this 


in 


matter than heretofore, because four volumes are to be issued during | 


the year instead of two, and, to “this, a definite date of 


issue for each has been established. It is ; expe eted that the second | 


volume for 1909 will be issued on June 30th, | and the third and fourth — 
= September 30th and Dec ‘cember 31st, respectively. eee 


papers by ublication 1 Committee are. e classified 


meetings. 


| apers, is from their general n nature, appear to be e of a ch: arac- 
ter suitable for oral discussion will be published as heretofore in- 


Proceedings, and se set down for present: ation meeting of the 

Rosicty, and, on these oral discussion, as well as written communica~ 
‘tions, will be solicited. 

All papers which do. not ‘come under this ny that is to say, 

4 those wl hich, from their mathematical or technic: al nature, in the 

opinion of the ‘Committee, : are not adapted to oral discussion, will not 

he e scheduled for | presentation to any meeting. Such papers will be. 


published i in Proceedings in the same manner as those which are to 
be prese sented at but w ritten discussions, only, will be 


que ssted for subsequent. publication in Proceedings and with the “paper 

the volumes of Transactions. 

_ PRIVILEGES OF ENGINEERING SOCIETIES 
EXTENDED TO MEMBERS OF THE 


SOCIETY 


Members the Society of Civil Engineers will be 
comed by the following Engineering Societies, both to the use of their. 


Rex Rooms and at all Meetings: 


American Institute a Engineers, rty-ni 
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‘the 


ANNOUNCE MEN 


_Associagao dos Engenheiros- Civis Portuguezes, Lisbon, P ortugal. 


‘Australasian Institute of Mining, Engineers, Melbourne, Victoria, 


Australia. ia 


Boston Society of Civil Engineers, 715 ‘Tremont | ‘Temple, Bos 


Mass. 


a Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, n, oo 
‘Canadian Society of ‘Civil Engineers, 877 Dorchester St 


-treal, Que. Canada. 


Civ il Club of 718 Caxton Building, ¢ Cleveland, 

‘Ci ivil Engineers’ Society « of St. Paul, St. Paul, Minn. a 

‘Cleveland Institute ¢ of Engineers, Middlesbrough, Er ingland. 


Colorado Association of Am. Sec. C. E., 235 Equitable 


Building, ‘Denver, Colo. . io 
Architects’ of Louis: 
- Building, F ourth and Jefferson Streets, Lo 
Engineers’ Club of Baltimore, 
Engineers’ Club of Central Pennsylvania, | Corner 
alnut Streets, Harrisburg, 


Engineers’ Society of of ‘Western Pennsylvania, 803 Fulton Building, 


of Marine Engineers, 5S ‘Romford Road, Stratford, 


Institution of Engineers of the River Plate, ‘Buenos Aires, Ar- 


Institution of Naval Architect ‘Terrace, 


Memphis. Engineering Tenn. 


Midland Institute of Mi ning, Civil and “Mechanical ngineers, 


Montana Society, of Butte, ‘Montana. 
Nor 


Neweastle- Tyne, ‘England. 


> 
on, 
is 
ly, 
his 
ing = 
4 
ond 
fied 
rat 
E onto, 96 King Street, West, Toronto, Ont, 
the 
ll be 
London, 
= stminster, | 
ijk Instituut van Ingenieurs, The Hague, The Netherlands. 
Engineering Society, -Newcomh Rr ding, 
their 


AN NOUNCEMENTS 


Oesterreichischer 1 Ingenieur- und Architekten-Ve 


-bachgasse 9, Vienna, Austria. 


"Pacific | Northwest of Engineers, 6174 618 Pio ioneer Building, 


Rochester Society, Rochester, N. Y. 


-Sachsischer Ingenieur- und Architekten-Verein 


France. 


= Society of Engineers, Victoria 
England. 


Sweden 
 Tekniske Forening, Vestre B ouleva 1, Cop rk. 
Western Society of Engineers, ‘173 ol go, 


Svenska Teknologféreningen, Br ‘store 18, Stockholm, 


“SEARCHES IN THE LIBRARY 
ti January, 1902, the Secretary \ w was authorized to make searches 
in the. Library, upon request, and to charge therefor the actual cost to 


the Society for the extra work required. _ Since that time many searches 
have been made, | and bibliographies and other information | on special 


ws The resulting satisfaction, to the members, . who have made use of 


resources of the Society i: in this been fre- 


‘The cost is ‘trif with the value of the time of an 
engineer who looks up such matters himself, | and the work can be 


performed quite well, and ‘much more quickly, by persons s familiar 


withthe Library, 
Tn asking that such work be undertaken, members should specify 
clearly the subject to. be coverec , and whether references to ‘general 
books only are desired, or w whether a complete bibliography, involving 
search through periodical Ii literature, i is desired. 
ve reference to this work. ‘the Appendix* to the Annual Report of 
the Board of Direction for the year uv ending: December 31 31st, 1906, con- 


tains. a summary of all searches made to that date. 


Vol, XXXII, Pp. 20 (January, 1907), 
> 
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4 ANN OUNCEMENTS 
| 


LOCAL ASSOCIATIONS MEM [MBERS 0 OF THE AMERICAN 


SOCIETY OF CIVIL ENG — 


San | Francisco Association 


(Abstract. o: of ‘Minutes of Meeting) | 


‘December 16th, 1908.—The annual meeting of the San Francisco 


Association of Members, Am. O. E., was held; President 
Marx in the chair; Franklin Riffle, Secretary ; and present, also, ee 


members and guests. 
The minutes of the previous meeting were approved as printed all 
‘the Proceedings of the ‘Association. 
The Secretary presented his annual r report. Since the last annual 
report, SIX meetings have been held, the average | ee being 3 38. a 
T here hi lave eel 8 additions to the membership, ‘and 5 names have been 
»a net gain of 3. ae 

‘The: the for the year had 
$1 505. 49, and the disbursements $549.65, leaving a balance of $955.84 

The Secretary read a letter from Charles Warren Hunt, Secretary 
of the American Society of Civil Engineers, conveying to . the Associa- 
tion (as. Suggested by the Committee to Recommend the Award of | 
Prizes) the appreciation of the Board of Direction of the ‘Society for 
the work done by the Association in preparing papers pertaining to the 
fects of the Sa an F rancisco E: arthqui ike of April, 1906." 


Bi he following officers were elected : 


| 


President, Waconer. 
Vice-Presidents, J. -GaLLow AY, 
B.V Wine, 


Mr. J. Mensch gave an “tall the manu- 
eral facture driving of 190 reinforced concrete piles for the 
ving station of the Pacific and Electric Company, i in Oakland, Cal. 


Adjourned. 


Colorado Association 
The Colorado Association of Members o of the American Society of | 
Civil Engineers was organized | at a meeting held i in Denver, Colo., = in 
lecember, 1908. A constitution, which has subsequently bee en approved 
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AN NOUNCEMENTS ‘[Bosiety 
y the Board of I Direction of the Society, w was adopted February 18th, 
: 
1909, and the following officers were elected: a 
President, Herpert S. CROCKER, 
_ Seoretary- Treasurer, Henry J. Burt 


aan e held on the second Saturday of each month except — 


JOHN FRITZ MEDAL 


‘The John Fritz Medal for 1909 has been awarded to Mr. Charles T. 


Porter "for his work in. “advancing the knowledge of steam engineering» 


and in improve In engine construction.” 

a i has been decided that the presentation of this medal shall all be made : 
@- 


at a public meeting to be held in the auditorium: of the ‘Engineering | 
- Societies B uilding, 29 West 39th Street, on the | evening of Tuesday, 


April 13th, 1909. 


Addresses will be made on t the subjects : 


“The Debt of Modern Industrial Civilization to the — E meine, . 
“The Debt of the Steel Rolling Mill to the High-Speed Engine,’ 


“The Debt of the Electrical Gener ator to the High-Speed Engine,” 
“The Debt of the Modern Steam Engine to Charles T. Porter. “ 


all members of this Society are invited ‘i attend this meeting. 


— | 
— 
| 
| 
3 mm 
| 
= 
—_— 
| 
7 
4 
q 
* 


TO THE LIBRARY 


‘ACCESSIONS TO THE LIBRARY 


(From February 10th to March 9th, 1909) 


-DONATIONS.* 


= A T ‘reatise for Ex igineers and ‘Technical Students. By. Arvid 


Reuterdahl. Cloth, 9 x 6 in., illus., 3 + 126 pp. Chicago and New 


Myron C. Cla ark Publishing Co., 1908. $2.00 net, 


The claim of the author a this work, as set forth in his preface, - that ‘there 


has been no previous treatise on the analysis of the elastic arch which was not 
either so mathematically abstruse, or left so much to the reader to demonstrate 
for himself, as to be of little use to the practical engineer or technical student 
whose mathematical training has not been of an exceptional order. He further 
claims that every possible principle involved in the graphical treatment of analysis 
is explained thoroughly in the theoretical portion of his work, and that there are 
no missing steps in the necessary mathematical analysis of the theory, as set 
forth in the treatise. The Contents are: Theory of the Elastic Arch ; ‘Design of a 
‘Reinforced Concrete Arch ; Calculations of Fiber Stresses ; Index. 


ASPHALTS: THEIR SOURCES AND 
As 


Asphalts for Dustless Roads; Recent Improvements ‘Asphalt 


The author, in his anseitien ace, states that he has endeavored to ei a a complete 


manual on asphalt, which shall be a reliable reference book. The book was — 
gested, he says, by a series of articles that appeared in Architects’ and Builders’ 
Magazine, for which, since the numbers containing them ran out of i Bur 
has been a continuous call, and the request was made that they be issued in book 
form. The Contents are: Discovery and Early Use of Asphalt; Rock Asphalt 
Mastic or Asphalt Coulé; Trinidad | Asphalt; Petroleum Residuum and California 
Malthas as a Fluxing Material; Venezuela Asphalts; Cuban Asphalts; American 
Bituminous Limestone ; Bituminecus Asphalt Sandstone Rock; Manjak and Uintaite ; 
Late European Work; Turkish and Other Bitumens ; Developments of Asphalt 
Industry up to 1903; Asphalts in 1908: Asphalt in Building Construction; 
Dustless Roads; Methods of Surfacing Roads; Asphaltic Oils, Their Classification 
and Properties; Application of Asphaltic Oils; Sprinkling with Asphaltie Oils; 
Latest Views of Engineers on Asphaltic Surfacing; Municipal Asphalt Plants; 


Machinery ; Index. a 


EN NGINEERS’ POCKET BOOK OF REINFORCED CONCRETE. 


y Lee Heidenreich. Roan, 7 x 43 ‘in., ‘ius. 364 pp. 
( ‘hicago and New York, The Myron C. Clark Publishing Co. 5 London, 
¥. Spon, L imited, 1909. $3.00 


"The preface states. that the author has been writing, changing, and improving 
this book for over eight years, and that, owing to the comparative newness of the 
subject and its possibilities for additions and amendments, it has been almost 
impossible to find a place at which it could be considered even temporarily _ 
finished. A pocketbook on the subject being much needed, however, the author _ 
here gives, more or less concisely, the result of about fifteen years of study and 
experience in exploitation and construction of reinforced concrete. The Contents" 
are: Materials and Machines Used in Reinforced Concrete Construction ; ‘Design | 
and Construction cf Buildings; The Design and Construction of Bridges ; - Abut- 
ments and Retaining Walls; Culverts, Conduits, Sewers, Pipes, and Dams; = 
teservoirs, Bins, and Grain Elevators ; Chimneys, | Miscellaneous Data, meead ‘Keeping, 


- *Unless otherwise specified, books in this list have been donated by the 
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ACCESSIONS TO THE LIBRARY [Society 


GENERAL I LECTURES ELECTRICAL ENGINEERING. 


By: Charles Proteus Steinmetz. Edited by Joseph Le Roy Hayden. 2 
~ Cloth, 9 x 6 in., ill illus., 284 pp. Schenectady, N. Y., Robson & Adee. © 

$2.00 


_ oa This book, the publishers announce, is made up of a series of lectures, dealing 
a with the operation of electric systems and apparatus under normal and ‘tat te 


- conditions, and with their design. The author’s preface states, however, that the 
6 = of ‘apparatus has been discussed only so far as it is necessary to understand 
their operation and so judge of their proper field of application, and that ——_ 


lectures comprise a discussion of the different methods of application of electric 
energy, the means and apparatus available, the different methods of carrying out 

Zz the purpose, and the relative advantages and disadvantages of the different methods 

and apparatus which determine their choice, the treatment being essentially descrip-— 

tive and not mathematical. — The Lecture Headings are: General Review; General 
Distribution; Light and Power Distribution; Load Factor and Cost of Power; 

Long Distance Transmission; Higher Harmonics of the Generator Wave; High 


Frequency Oscillations and Surges; Generation; Hunting of Synchronous Machines: 
Regulation and Control; Lightning Protection ; Electric Railway, Train Character- 
istics; Electric | Railway, Motor Characteristics; Alternating Current Railway 
Motor; Electro-chemistry; The Incandescent Lamp: Are Lighting ; Appendix 
Light and Tilumination ; Appendix Lightning and Lightning Protection. 


7 


Practical Relating to the Theory and Management of 


‘Marine Automobile _ Cloth, 8i x x 54 q 


24 + 469 pp. New York, Theo. Audel & Co. 00. 
“The Co are: Historical Dev elopment ; Laws of Permanent Gases ; 
- retical Working Principles; Actual Working Cycles; Graphics of the Action of 
Gases ; : Indicator Diagrams of Engine Cycles : Indicator Diagrams of Gas Engines: 
‘Fuels and Explosive Mixtures; Gas © ‘Producer Systems; Compression, Ignition 
and Combustion; Design and Construction ; “Governing and Governors: Tgnition | 
and Igniters; Installation and Operation; Four-Cycle Horizontal Engines; Four- 
Cycle Vertical Engines; Four-Cycle Double- Acting Engines; Two-Cycle Engines: 
Foreign Engines; Oil Engines ; Marine Engines ; _Testing Instruments Used in 
Testing; Nature and Use of Lubricants: Hints on Man agement and Suggestions 
for Emergencies; The ee: Useful Rules and Tables; Index. 


PATENTS ASA IN MANUPACTU 


facturer his own patent and editor’s states it to be 
especially to lay down the fundamental principles, so that they may be grasped 
clearly and fully enough to direct the course of the inventor, patentee, or = ; 


facturer, in the early steps which are usually taken before the advice of counsel 
is secured. The Contents are: Influence of Patents in Controlling a Market; Sub 
ject, Nature, and Claim of a Patent; What Protection a Patent Affords ; 
_ Infringements ; Patenting a New Product; Patent Relations of Employer and 
Employee ; Contests Between Rival Claimants to Invention; Index. 
y 


PRACTICAL CAL OF LINES" 


For Distribution of Direct and Alternating Currents by Means of 
and Interior ‘Wires for Purposes of. Light. 
Power, and Traction. By L. W. Rosenthal. Cloth, 94 x 6 i in., 10 + 95 
pp. New York, McGraw Publishing Company, 1909. $2.00 ‘net. 


a, The po mission of this book is stated by the author to be to annette a 
: _ direct solution for the trial method of calculation of transmission lines which was 
formerly a necessary evil. The scope of the book has been confined to methods ' 
; 2 calculation, it is stated, and the arrangement of the formulas » tables, and text 
- dictated solely by the needs of the rapid worker. All sections, except the last. 
inelude the effects of temperature and specific conductivity. The: section relating 
- to direct-current railways is claimed to be novel in the form of its tables, and the 
to _alternatins- 


methods outlined in i, rapid and that 
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ACCESSIONS Tt TO ‘THE ‘LIBRARY 


current transmission is said to pr present an an original method for the ‘solution | of 
these problems. The Chapter Headings are: Direct-Current Distribution for Light 
and Power; Distribution for Direct-Current Railways; Alternating-Current Trans-— 
mission by Overhead Wires; Alternating-Current Transmission by Underground 
Cables; Interior Alternating-Current Distribution; Distribution for 
-Single- Phase Railways, a 


_ by Oskar Nagel. © Cloth, 93 x 6 in., illus., 5 + 306 pp. _ New York, - 
McGraw Publishing Company, 1908. $5.00 net. 


rip- 


_ - The translator is authority for the statement that this volume contains a large 
amount of carefully tabulated data, of which a great deal is new, in convenient 
ign for use, and that while the book is intended for use in universities and» 


engineering schools, it is of equal value to practising engineers, since it gives, not. 
only the fundamental principles, but also the latest experimental data and practice. ’ 
The Contents are: General Remarks ; Forms of Energy; The Measurement of High ~ 
Temperatures (Pyrometry) ; . Pyrometry (continued); Pyrometry (conclusion) ; 
Optical Methods of Measuring Temperatures ; Combustion Heat and Its Determina-— 
tion; Direct Methods for Determining the Combustion Heat ; _ Incomplete Combus-_ 
tion; Combustion Temperature; Fuels (In General) -. Wood ;_ Fossil Solid Pcie 
(In General); Peat; Brown Coal (Lignite); Bituminous and Anthracite Coals; 
Artificial Solid Fuels; 7 Charcoal; Peat-Coal, Coke, and Briquettes; Coking Appa- 4 
-ratus; Liquid Fuels; Gaseous Fuels; Producer Gas; Water Gas; Dowson Gas, 
urnace Gas, and Regenerated Combustion ‘Gases ; Apparatus for the Produc- — 
tion of Fuel Gases; Index, 


LAW AND BUSINESS OF ENGINEERING AND CONTRACTING. 


With Numerous Forms and Blanks for Practical Use. Ry ‘ude. 
Evan Fowler, M. Am. Soe. C. E. — Cloth, 9x 6in, 9 + 162 pp. New | 
York, MeGraw Publishing Company, 1909. $2.50 net. 
_ The author states in his preface that this book is the elaboration of a series — 
of lectures delivered to the engineering students of Washington University, with 
some additional matter in the shape of forms of contracts, specifications, and blank 
business forms. The Contents are: The Relation Between the Engineer and Con- 7 
tractor ; Ordinary Forms of Contracts; Ordinary | ‘Specifications; Special Forms 
of Specifications; Special Forms of Contracts; - Inspection of Engineering Work ; 
Estimating Materials and the Cost of Engineering Structures; Bidding on Engi- 
si Work ; Organization of Contract Work; Essentials of Contract Law ; oe 


THE OCEAN CARRIER. 


History and Analysis of and a Discussion of the 


igned Rates of Oce: an T ransportation. By J. Russell Smith. Cloth, 73 x5 _ 
nent in., illus., 11 + 344 st York and L ondon, G, P. Putnam’s Sons. 
The author. calls this. beok primarily an an economic study of the ‘ocean service, 


and states it to be the outgrowth of the study of three questions—the pl eee 
of line traffic, the combinations among carriers to control rates, and the com- 
- bination of steamship lines and railways. It is written in a popular, rather than a 
technical style, and treats of what ships carry, where they carry it, for whom, at 
what rate, under what management, etc., tracing the main lines of past development : 
& the dominant factors in the present situation. The Contents are: Part I, 


and 


The Service of the Ocean Carrier: Ship Development—the Evolution of the Vehicle; 
The Organization of Ocean Carrying ; The Leading Routes of Ocean Commerce; 


is The Epoch of the Merchant Carrier on the Sea; Line Traffic and Its Extension : 
-|- 93 _ Rece nt Developments in Line Traffic; The Normal Type of Steamship Line Organiza- _ 
7 tion; The Railroad Steamship Lines on the Atlantic and Gulf Coasts of the United 7 
i ae States ; ; The Railroad Steamship Lines on the Pacific Coast of the United States 
ae and in Europe; The Renaissance of the Merchant Carrier—The Private Steamship 
‘h was Line; Eee Traffic in the United States Coasting Trade. Part II, The Rates of the 
ethods Ocean Carrier: Charter Freight Rates and Attempts at Their Control; © Factors — 
text ‘ Aliecting Ocean Line Freight Rates; Agreements Among Ocean Carriers to Control 
e last. ® . Rates; Transatlantic Freight Rates and Their Control—The Lines Between America 
elating Pe and Gr eat Britain; Transatlantic Freight Rates and Their Control—The el 
Bei ween America and all Continent; The Present Situation and Future Outlook ; 
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AC CESSIONS TO 


LABORATORY EXPERIMENTS METALLURGY. 


Albert -Sauveur and H. M. lston. Cloth, 
‘illus., “pp. Cambridge, Mass., 7 Authors, 


mes resented by the Authors. 
This book is made up of short notes written primarily for the use of students 
at Harvard University, who take the courses in General Metallurgy and in Metal- 
_ lurgey of Iron and Steel. The authors’ intention, as indicated in the preface, is not 
to deal with the subject exhaustively, but to make the notes suggestive to other 
teachers and students in metallurgy, and even to practitioners of the art. The book 
is divided into two parts of thirteen experiments each, Part I dealing with experi- 
‘ments in general metallurgy, and Part II with experiments in metallurgy of iron 
and steel. There are various tables in the text such as Typical Analyses otf Various 
#F uels, Melting Points of Metals, etc., and illustrations of apparatus. After each 
exper iment a blank laboratory report is given to be filled out by the student. — 
< 
Gifts have also been receiv — from the following: | 


, 
Alexandra (Newport & South Wales) ndia-Ry. Board. pam. 
Docks & Ry. Co. 1 pam Institution of Gas Engrs. 1 bound vol. 
llied Real Estate Interests of the — we ——— Ry. Co. a land). 1 
Assoc. for the Advancement Iron Steel Inst. 1 ‘tout vol. 
vol. Junior Inst. of Engrs. 1 bound vol. 
Inst. of Min. Engrs. 1 bound vol. Lakes-to-the-Gulf Deep Waterway 
Am. Ry. Bridge and Bldg. Assoc. 1 vol. — soc. 2 pam. 
Am. Soc. of Heating and Ventilating Lee, P.V.T. Lpam 
Engrs. 1 bound vol. Levy, Ernest ©. 1 pam. 
Am. Soc. of Mech. Engrs. 1 bound vol. London, Tilbury & Southend Ry. Co. : 2 
Baker Street & Waterloo Ry. Co. 1 pam. pam. 
Belzner, Theodore. 2 pam. Lépez y Lépez, José. 5 pam. 
Bengal, India-Irrig. Dept. 1 bound vol. Madras-Public _—— Dept. 1 pam, 
Water Commrs. 1 Marstrand, O. J. 1 pam. | 
Mass.-Board of R. R. Commrs. 1 bound 
“Bombay-Public Works Dept. 1 pam. 
Boston, -Transit Comm. bound ‘Mass.-Bureau of Statistics of Labor. 
Brockton, Water Commrs. 1 pam. Inst. of Tech. 1 pam. 
Burlington, Vt.-City Clerk. 1 pam. | Middletown, N.Y. -Board of “water 
California-State Engr. 1 vol. _Commrs. 1 pam. 
Cambrian Rys. Co. 1 pam. - Midland & South Western Junction Ry. 
Carnegie Library of Pittsburgh. 1 pam. Co. 1 
Case School of Applied Science. 1 pam. ‘Midland Ry. Co. 1 pam. « 
Cross, Huston Hampstead Ry. Morgan, pC. 
Co. 1 pam. Nat. Fire Protection Assoc. pam. 
Chicago ‘Terminal R. R. a New: Bedford, -Water Board. 1. 
Gleveland Eng. Soc. 1 pam. New Mexico- -Bureau_ of 
Compagnie du Chemin de Fer Congo. _ pam. 
pam. Aa York State- Dept. of 
Cooper, Theodore. 1 vol. = bound vol. 
Cornell Univ. Library. ol., 1 New York State- bound vol. 


| 


pam. New York State- Public Service Comm. 
Yelaware, Lackawanna & Western R. Pam 
— Co. 1 pam. et New York City Record. bound vol. 
Deutsch-Amerikanischer Technik North London Ry. Co. a pam. ts 
band. 1 pam. "North Staffordshire Ry. Co. 1 pam. 
Eng. Assoc. of New South Wale: ae Oregon-Port of Portland Comm. par 
bound vol. Platt, T.C. 1 pam. 
Engrs.’ Club of Philadelphia. 1 pam. Polytechnic Inst. of 
Engrs.’ Club of Toronto. 1 bound vol. Eng. pam. 
‘Furness Ry. Co. 1 pam. Potts, Clyde. 2 
Gloucester, Mass.-Water Commrs. Prov R. -Dept. of Public Works. 
Great Central Ry. Co. 2 pam Rensselaer Soc. of Engrs. pam. 
Great Northern, Piccadilly & Brompton Rhymney Ry. Co. 1 pam. ie 
Ry. Co. 1 pam. a ce” Sanderson & Porter. 2 pam. 
Great Western Ry. Co. 1 pam. es Schiffbautechnische Gesellschaft. 
Harrisburg, Pa.-Water Dept. bound vol. 


pam Spain-Ministerio de Fomento. 1 vol. 
Haverhill, -Board “Water South Australia- Public | Dept. 1 
Hollyday. R. C. 1 pam. Tech. Club of Syracuse. pam. 
Hull & Ry. Co. U. §S.-Bureau of Labor. 2 bound vol. 
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U. S.-Bureau of Statistics. survey. U. S.-Supt. of Documents. 19 bound vol. 


U. §.-Coast and Geodetic Survey ‘Univ. of Exper. ‘Station. 4 
am. 


am 

). S.-Hydrographic Office. 5 pam. Victoria-State Rivers and Supply 


. §.-Isthmian Canal Comm. 1 vol. Comm. 


i S.-Lake Survey Office. 7 maps. von Geldern, Otto. 2 pam. al 
S.-Nautical Almanac Office. 1 bound Washington Soc. of Engrs. 1 pam. 
4 a: vol, Washington Southern Ry. Co. 3 pam. 


8. “Reclamation Service. 1 bound ‘Western Australia- Mines. 3 
vo pam 


am. 


Coal. By James Tonge. New ork, Vi an Nostrand C 1907, 


The of ‘Steam Power Plants. By F.R 
Tutton. _Ed. 3, Rewritten. New ‘York, John W iley & Sais; Landon, 
Chapman & Hall, Limited, 1909. 


= The Temperature-Entropy Diagram. By C. W. Berry. Ed. 2, Rev. 

and Enl. New York, John Wiley & Sons; London, Chapman & Hall, 

Die Eisernen Briicken im ‘Allgemeinen: Theorie der Eisernen. 
Balkenbriicken. Handbuch der Ingenieur Wissenschaften. II. Teil, 

Band, vierte vermehrte Auflage.  Bearbeitet von E. B ik 
h . Landsberg und r Ste ‘iner. Leipzig, W ilhelm Engelmann, 1909. 


‘Phys ‘sical Geography of the Texas Region. . By -* T. Hill. T opo- 5 
vraphie Atlas of the — ashington, U Mnited States Geo- 


logic ‘al Survey, 1900. 
‘Steam- Boilers B sy C. H. and E. 


‘SUMMARY OF ACCESSIONS 


(From February 10th to March 8th, 1909) 


Donations (including 18 duplicates). 
By purchase. 
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ME EM BERSHIP—ADDITIONS 


NS 
10th to March 9th, 1900) 


ME} Membership 


md) Assoe M. Sept. 6, 1905, 


RBURY, Gen. Mer., Penn. Lines 1) 
of Pittsburg and Erie, R. ‘R. St. 


STER, HENRY Baum. Middle | M. ar. 6, 1907 


Div., Dept. ¢ of State Engr. , Syracuse, N. vs M Mar. 2, 1909 


Brows, EARL IVAN. ‘apt., Corps of Engrs., U. 


009 
4 M. Mar. 2, 1909 


Drawer 813, Wilmington, N.C... Feb. 2, 


OANE, Joux Mow’ 70 Queen St., Melbourne, Vic- 
-toria, Austra Nov. 4, 1908 
-ENpEMANN, Herman Kart. Asst. Engr. in) 
a harge, , Topographical Bureau, Borough Assoc. uM. Mar. 6, 1901 
of Queens 253 Jackson Ave. Long |M. 5, 1909 
Ox, Joun ANGELL. Special Director, National Rivers and 
Harbors Congress, 204 E. F ront C incinnati, eb. 1909 
= Fargo Bldg., Portland, 
7. Cons. ngr., Jun. 1894 
Assoc. M. Dec. 1, 1897 
: M. Mar. 2, 1909 


tion Service, ‘Klamath Falls, Ore. Feb. 


-*ETTEE, EucEne R. W oreester & “Assoc. M. Sept. 1902, 


), 79 Milk St., Boston, | M. 1909 
FRANCIS LANSING. _ Cons. ‘Engr. 90 We: st Dee. A, 


Assoce.M. June 1899 


Mar. 2, 1909 
RANDLE, GEORGE City Engr., , City Hall, Sacramento, 


. * 1909 


SELA ANDE R, EINar. Cue, Res. Bar. , Lagos By. th- 


ern Extension, Jebba, Lagos, 


7 
GE 
4 ALDERMAN, ( LARENCE IDSON. 
2, 1909. 
— 129 W estern Ave. Albany, 
— 
7 
» Nov. 4, 1 


ME EMBER EMBERSEIP—ADDITIONS 


MEMBERS" (Continued) 


SPEAR, WALTER Evans. Chf. ‘Engr., Dept. 
Water Supply, E lee tricity, 


Date of 


TURNER, ORVILLE HICKMAN BROWNING. ‘Cc hf. Engr., St. L. iL, 

M. & P. Ry. Cow Raton, N. 2, 
905. 


Veuve, ERLE Leroy. C hf. ngr., Ontario & San An- Jun. Sept. 1901 


909 tonio Heights R. R., 697 Pacific Electric Bldg. 

909 A, P.O. Box 1027, Memphis, Tenn............ 
ARNOT’ Roe RT Fur MING. Cons. Er ngr., 95 Liberty St., 


1907 Brown, Middleport, N. Nov. 1908 
1909 Bldg., Chicago, Sept. 2, 1908 
Chf. | Constr. 
Ohio Ry., Richmond, Va.... Mar. 2, 1909 
1909 CUNNINGHAM, JOHN GEORGE LAWRENCE. 638 Hague Ave., by. Ue - 
Anthony Hill, St. Paul, Minn........ 1909 
‘De La MATER, PHEN TRUESDELL. Greenwood Inn, Evans- 
1901 ‘Thomaston, Cc ‘onn. 
1909 TH RS. s. Asst. Wat 
Cc Comm. of Pennsylvania, ‘Harrisburg, Pa. 
GRovER R, Oscar LLEWELLYN. Asst. Engr., 
ne and Main Sts., Richmond, Va 

Hopapon, N, BENJAMIN ALE: ANDER 180 N. 12th St. ‘New: ark, 
KRecuwrrz, WILLIAM. IAM. Thirteenth ) Jun. Oct. 31, 1905 
St., West New York, N. Assoc. M. Feb. 2, 
LYMA R Cons. E Prof. | Assoc. May 4, 1904 
1909 Civ. ng., 34 ngineering J ldg., Univ. Assoc. M. “Feb. 2, 1909 
1902 of U tah, Salt Lake ‘City, Utah.......... 


Non 5, 1907 
2, 1909 


1909 Furron . Asst. Irrig. Engr.,_ Guayama, ) Jun. 
180 Assoc. M. 

"1800 Wau TER, 8, 806% Marquette Bldg Chieage 


ARTHUR Emin. Asst. Engr., = Dept. of 


Water Supply, Borough of Richmond, ¢ , aed 
Borough Hall, New B righton, N. 
a 
Wyman, ALFRED _ Engr., Public 


Comm., “Ast Dist., 154 Nassau ng 
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‘The Detailing of Skew Portals. P. Davies. (13) Feb. 
Modern Methods of Bridge Construction. (12) ‘Feb. 


‘The Design, ‘Construction and Cost of a Reinforced | Concrete Tres tle.* (14) Feb. 
20. 
Concrete Work on Sparkman st. Bridge, Nashville e, Tenn.* W. F. Cret ghton. (13) 


Feb. 25.0 
Note sur le Rétablissement de - Circulation sur la Rive | Droite du Rhone a la 
Suite des -Coupures par les Inondations d’ Octobre 1907. * Ruffieux. (38) 


Pont Suspendu Fixé (S 


ystéme Gisclard) de la Cassagne (Py a Orientales). => 


G. Leinekugel Le Cocq. (33) Serial beginning Feb. 20. 
Ueber den Festen Anschluss an die Haupttrager. Miiller. 


Auswechselung der Briicke n in Berlin.* 


Some Results of Experience w with Electrically Driven ‘Rolling-} Mills.* Koettgen, 
‘M. Inst. C. E., and C. A. Ablett, A. M. Inst. C. BE. (71) Vol. 78. ont 
Power Supply and Its Effect on the Industries i. the North- East ‘Coast. ia Charles — 
Merz. (71) Vol. 78. 
Representative Data Blectric Power- Plant Operation. Howard 8. 


. Miiller. 


The Urft Valley Energy. Transmission Plant. (27) 41. 

Electricity Supply in Bristol, 1909.* (26) Serial beginning Feb. 12. 

Power Installation at Khartoum.* Feb. 12. 
Motor on the Mains of the ‘Blectric Power * (73) 


and R. Porter. of paper read before the Inst. of Elec. ) 
Serial beginning Feb. 12: (47) Serial beginning Feb. 19; — (12) Feb. 19. 


‘Inductance Coils Used in Wireless Telegraphy.* John L. Hogan, Jr. (27) Feb. 18. 
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‘Transformer Substation for Niagara Energy at Rochester, N. Y.* (27) Feb.18. _ 

how ater-Power and Transformer Stations of the Rochester Railway & Light Company. an 


Electrical Equipment of the Chemical Works.* Warren H. ‘Miller. (27) 
eb. 25. 


Load Equalizer. J, Ss. . (Paper before the Inst. of Elec. Engrs. 
(73) Feb. 26; (22) Feb. 26. © 


‘The Industrial Application of the Electric ‘Motor Illustrated | in the Gary ‘Plant 


of the Indiana Steel Company.* B.R. Shover. (42) Mar. 


Condenser Type of Insulation for High-Tension Terminals.* A. B. Reynders. 
Mar. 


High-Voltage Transformers and Protective | and Controlling “Apparatus: for Outdoor 
Installation.* K.C. Randall. (42) Mar. 


Mri 
Apparatus for Recording the Rolling and Pitching of ‘Ships.* 


Measurement of Marine Engine Power by Torsionmeters Nenmuir, M. 
Inst. E. E. (Abstract of paper read before the Greenock Assoc. of Engrs. vas 


Shipbuilders.) (12) Feb.19, — | 

 Blectr ically-Operated Pumping and Air- -Compressing I Installation at Messrs. Harland 
Wolff's Shipbuilding Yard, Belfast.* (73) Feb. 26. 

The Hamburg-American Line Steamer Cleveland.* (95) Mar. 

Marine Engine Design.* Edward M. Bragg. (95) Mar. 

Gunboat Boilers. Charles S. Linch. Mar. 
- The Value of the Model Experimental Basin in Ship Designing. * Robert G. ‘Skerrett. — 


The Pacific Liner Lurline.* Hollis F. (95) 
- Note au Sujet des Installations de Ventilation a Bord des Navires; a’ 


g des Projets et Calculs Correspondants. Boris. (37) Serial beginning Jan. = 
Chalands" et Pontons en Ciment Ar Armé.* Lemaire.  Feb.6. | 


The Production of Finished Iron Sheets and in One Sherard 
Further Experiments upon Gas Producer William” 
Richard Vernon Wheeler. (71) Vol. 78. 

‘The Scientific Control of Fuel Consumption. Henry E Armstrong. (71) ‘Vol. 78. 

Inspection Trip to the Duquesne Steel Works.* (58) “Jan. 

Discolorations on Brick. Ellis Lovejoy. (76) Feb. 
Recent Developments in Machine Stoking. A. W. Bennis, (Abstract | of paper r read 

‘before the Bradford Eng. Soc.) (73) Serial beginning Feb. 5. — 

Letombe Power Gas Installation of 1000 Indicated Horse- and capacity. + (tr. 

from Revue Industrielle.) (47) Feb.5. 

Fatigue of Copper Pipes.* James M. Allan. (Abstract of paper read the 

North-East Coast Inst. of Engrs. and ) (47) Feb.5. 
The Bergmann Steam Turbine.* (57) Feb. 

Modern British High-Speed Steam Engines.* Davidson. (64) 

ning Feb. 9. 

The Government 5 000-Ton Hydraulic Compression | Testing» Machine. 

Humphrey, M. Am. Soc. C. E. (13) Feb. 11. 7 nhs 

A 250- Ton Hydraulic Compression Testing Machine.* * James L. cei Assoc. M. 

Am. Soc. C. E. (13) Feb. 11. 

‘Direct-Acting Pumps.* Edward Butler, I. Mech. (47) Feb. 12. 
Tests on Mild Steel Dished Ends.* (12) Serial beginning Feb. 12. 

The Transmission of Heat between Fluids.* R. M. Neilson. ~(12) Feb. 

The Power Plant of the Hobcken Passenger Terminal of the Lackawanna Railroad.* 
Foreign Aeronautic Motors.* (19) Serial beginning Feb. 13. 

Report of Sub-Committee on Calorimetry. (Amer. Gas Inst.)* Feb. 15. 


_ Pyrometry in Gas Manufacture.* G. C. Pearson. . (Paper read before the Midland | 
Junior Gas Assoc.) (66) Feb. 
Isolated Power Plants. (20) 18. 


The Transmission of Heat through Boiler Plates. * Serial beginning Feb. 19. 
The Flight of Birds.* F. W. “Lanchester. 


(Paper read before the Birmingham — 
Natural History and Phil. Soc.) (12) Serial beginning Feb. (19.0 
An Ore-Handling Plant in New Caledonia.* (16) Feb. 20. 7 


Main Laying (Gas Mains). G. H. M’Cowat. (Abstract of paper read the 
Seottish Jun. Gas Assoc.) Feb. 23. 


The Piping of the Gary Works. (20) Feb. 25. = 
Electric Suspension Railways for Handling Coal and Coke.* ven an 


begin- 
e. ‘Richard L. 


F. A. 
Feb. 25. 
Trials of a Steam- Turbine Plant. + (1) Feb. 26. 


The Smoke Nuisance in Cities. A. W. Gibbs. (15) Feb. 26; eta, 6. 
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Shape Brick and Methods of Calculating Requirements for Furnace Work.* Ulrich 
Motor Passenger- Vehicles. J. Gairns. (10) Mar. 
Coal Briquetting.* Charles T. Malcomson. (45) Mar. 
An Elongated Coke Oven.* W.R. Elliott. (45) Mar. 
Remarks on the Photometry of Gas. _— 0. anne (Paper read before the 
Amer. Gas Inst.) (83) Mar. 1. 
Large Rail and Billet Mills at the Gary Steel Plant. . (13) Mar.4 . 
‘Safety | Valve Capacity.* Philip G. Darling, M. A. S.M.E. (15) Mar. 5. 
“The Gas Driven Blowing Plant of the Gary Steel Works.* (14) Mar.6.  — 
Building and Boiler Plant of ee Station No. 2 of the New York Edison Com- 
‘Etat Actuel et Avenir de PAviation. Rodolphe (32) July, 1908. 
Les Moteurs Gaz de Grandes Puissances. L. Letombe. (32) Dec. 
Les Machines a Mouler.* Avaurieu. (37) Serial beginning Jan. _ 
Nouvelles Riveuses Electro- Hydrauliques Systéme Piat.* (33) Jan. 30. 
 L'Allumage des Moteurs a Explosion.* G. Yseboodt. (30) Feb. 
Turbines Vapeur Electra, Systéme Kolb.* A. auduit.. (33) Serial beginning 


Détermination ‘‘A Priori’ de la Pui » des Moteurs a Explosion. Girardault. 


‘Dampfkesselexplosion aut Grube Laura in Bygelshoven, Holland.* A. 
Ueber das Voreilen beim Walzen. J. Puppe. 3. 
Zur Frage der Rauchver minderung im Industriebezirke.* | Dr. Klocke. (50) Feb. 3. | 
Ueber Moderne Flugtechnik.* Artur Boltzmann. (53) Serial beginning Feb. 5. 
an einer Rateau- von 150 K.W.* Anton Gramberg. (48) 
Der Warmeibergang am W asserrohrkessel Befeuerung | durch Minderwertige 
Braunkohle.* Paul Fuchs. (48) Feb. 13. vt ae 7 
Die Berechnung von Gleitfliegern. A. Baumann. (48) Serial beginning Feb. 20. 
Hin Beitrag zur Berechnung der Schwungradpressen.* Schlesinger. (48) Feb. 20. 
Ueber den Winfluss der Kropfungsecken auf die Forminderung yon Gekrépften 
Kurbelwellen. * Eugen Meyer. (48) Feb. 20.) 


The Future Development of mis Metal- Mixer and the Open- -Hearth Process. 
Pratt. (71) Vol. 78. 
The Freezing-Point of Iron. H. C. Carpenter. Wei. 78. 
Iron and Steel at the Franco-British Exhibition. H. Bauerman. (71) Vol. 18. 
The Chemical Control of the Basic Open- Hearth Process. * Alfred Harrison and 
Richard Vernon Wheeler. (71) Vol. 78. 
The Constitution of Carbon Steels. Edward Demille Campbell. 
Influence of Silicon on Chemical Properties of Iron. Adolphe 
Jouve. (71) Vol. 78 
Description of Messrs. Bell Brothers’ ‘Blast- — 1844- -1908. * Greville 
Jones. (78) Vel. TS.  . 
The Mechanical Cleaning of Iron Ores.* (71) Vol. 738. 
The Effect of the Presence of Certain Agents” upon the Density 
Coherence of Electrolytically Copper, Lead and Silver.* Royal 
Jarvis and Edward F. Kern. (6) Jan. 
Notes on Iron and Steel.* Bradley Stoughton. a (3) Feb. Oo 
The Nature and Characteristics of the New Steels.* O. M. Becker. (9) Feb. 
The Rotary Blower in Smelting Works.* George Hicks, Jr. (16) Feb. 
Power from Copper Blast-Furnace Gases. Robert Schorr. (16) Feb. 
Milling at Grass Valley and Nevada City.* E. Wolcott. (16) Feb. 27. 
oe Standard Consolidated Cyanide Mill.* S. F. Shaw. (16) Mar. 6. 
Close Sizing of Dry Finely Crushed Ores. Steele. (16) 6. 
Four a Arc.* Pourcel. (93) Feb. 


isenerzbrikettierung nach dem Verfahren “der “Deutschen Brikettierungs-Gesell- 


s Riesenwerke der Indiana Steel Co. in Gary. * (50) Serial beginning Feb. 17. . 


Military. 


The Addition of Carbon to ‘Powders with a Nitrocellulose and Nitroglycerin Base. 7 


‘Mining. 
Sampling and “Assaying “Copper of the Ely District. = Jt; 
(6) Jan 


Colliery Screening Plant Arthur Hall. (Paper read before. the National 
Colliery Mgrs.) (22) ‘Feb. 5. 


Problems of Mine Ventilation: Gas Caps. of Inflammable Gas.* : W. H. Hepplewhite. 
___ (Paper read before the National Assoc. of Colliery Mgrs.) 


(22) Feb. 12. 
*Illustrated. 
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‘Mining— (Continued). 


Igranic Controllers for Electrically Driven Haulage | Gears.* (22) _ 
Swinging Chutes for Coal Mines.* Lestelle and Hyve. (16) Feb. 13. 
Electric Hoists as Adapted for Coal Mines.* R. H. Rowland. AS _ Feb. 2%. 
Glory-Hole Mining at DeLamar, Nevada.* Feb. 27. 
Santa Barbara Mine.* (45) Mar. 
Mining and Florida Phosphates. C. Stone. 


Les Mathématiques de I’Ingénieur au Congrés International des Mathématiciens 
_tenu a Rome du 5 au 12 Avril 1908, Rapport.* Maurice d’Ocagne. (43) Sept. _ 


Schénheit und Zweckmiassigkeit von Maschinen und * Schulz. 


Method and Some Costs of Telford- Macadam Construction in Pennsylvania. 
Jordan. (From Jour. of Eng., Univ. of Colo.) (86) Feb. 24. © 
Preparation of Asphalt Paving Mixtures. Isaac Van Trump. = (60) - Mar. 
Amount and Cost of Repairs to Asphalt Pavements at Syracuse, N. Y., and Proper 
_ Method of Determining Time fer Ceasing Repairs and Renewing. (86) Mar. 3. 
Le Premier Congrés International de la Route. Le Gavrian. (43) Sept. der weblion 


du Pavage et de ’Empierrement au Potat Vue Prix de ‘Revient 
Annuel. Heude. (43) Sept. 


A Test for Ascertaining the Relative Wearing wenpeeayas of Rail Steel. * &E. 7 
Permanent Way; Natal Government Railways.* (21) Feb. 
Automatic Electric Railway Signals.* Wm. K. W omens Feb. 23. 
Louisville Car Wheel Foundry.* (15) Feb. 12. one 
Track Circuit Signals without Insulated Joints.* (5) Feb. 12. 
New Twelve-Mile Italian Tunnel.* (12) Feb. 12. 


The Industrial Definition and Measurement of Train- ‘ncaa: * ©. O. Mailloux 
_ (Abstract of paper read before the Inter. Elec. Cong.) (17) _ Feb. 13. 


‘Compound Atlantic & St. P. Ry. (18) ‘Feb. 13; 


Mar. 


‘Combustion and Heat Absorption in Locomotive Boilers. Lawford H. Fry. (11) 
: Serial beginning Feb. 19. 


The Detroit River Tunnel.* (12) Feb. 19. 
Manual Block Signaling with the “A BC” Sy stem on Northern Pacific.* (15) ‘Feb. 


Dynamometer Car of the University of Illinois and the Mlinois Central ‘Rete . 
F. W. Marquis. (15) Feb.  ... 
New Locomotive Equipment; East Indian Railway.* (15) Feb. 19. 
Selection of Car and Locomotive Bearing Alloys. A. H. Hiorns. of paper 
-_- read before the Birmingham Assoc. of Mech. Engrs.) (18) Feb. 20. | 
The Electrification of Railways: A General Comparison of Systems.* F. Ww. Carter. 
(Paper read before the Rugby Eng. Soc.) (47) Feb. 26. 
6. 


Brake Shoe Testing Machine. * (15) Feb. 26. — 
Rebuilding the Cairo Division of the Big Four.* (15) Feb. 2 
Maintenance and Repair of Freight Cars, with Special Reference to Steel Equipment, - 
Pennsylvania Railroad at Altoona.* (25) Mar. = 
Jacobs-Shupert Locomotive Fire Box.* H. W. Jacobs. (25) Mar. 
Methods of the Santa Fé; Efficiency in the Manufacture at Trans sportation. * Charles ules 
Buxton Going. (9) Serial beginning Mar. 
Te Standard Reinforced Concrete Culvert Construction of the Iowa State Highway > 
Commission.* (86) Mar. 3. _ 
Mel thods and Cost of Constructing the New Raton Tunnel for the Atchison, Topeka & 
_ Santa Fé Ry. Co. at Raton Pass, New Mexico.* Jos. Weidel. (86) Mar. 3. 
An Analysis of the Appraisal “ the nine, of Minnesota, — with Comments on the 
The First Block Signal System in America. * J. AL Anderson. (15) 
The Advantages of the Use of Moderately Superheated Steam in Locomotive — 
Practice.* Lawford H. Fry. (15) Mar. 5. | 


> Extensions of the Joliet & Southern Traction Company.* (17) Mar. 6. 


Locarno-Pontebrolla-Bignasco Electric Railway.* (18) Mar.6. | 
Note sur Emploi de Circuits 4 Rebroussements pour le Tournage des Locomotives. | 
., Gowpll. (3) Sem. .. 


Note sur le Rétablissement de la Circulation sur la Riye Droite du ‘Rhone a la 
Suite des Coupures par les Inondations d’Octobre, 1907.* ~ Ruffieux. (38) Feb. 


hick Chauffage aux Huiles Lourdes de Pétrole des Loc eee des Chemins de Fer — 
Le Funiculaire du Wetterhorn a Grindelw: . (33) ‘Feb. 
Die Akkumulator-Doppelwagen der Preussischen | Staatsbahn-Verwaltung.* 
___Honsch and W. Mattersdorff. (48) Feb. b. 
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ENGINEERING LITERATU 
Railroad, Street. 


Power Plant Extension ns 
7) Feb. 20. _ 

The Applicability and Comparative Cost of Concrete and Reinforced Concrete for _ 

Subway Construction. Chas. M. Mills. (Paper read 
Assoc. of Cement Users.) (13) Feb. 18 = — 
Rolled Steel Wheels for the Chicago City Railway Company. - (17) Feb. 27. 
Pneumatic Caissons on the North- South Line of the ‘Paris: “Subway.* William 
‘Johnson. (14) Feb. 27. 
Underground Railway Construction in Paris. Thompson. (10) 

The Para Tramway and Lighting System.* a7) 6. 


Tests of Hot hb cal Radiators.* W. L. Strickler and E. ¥. Renken. (From lowa 
‘Shop Heating. (70) Feb. 7 

Notes on the Design of F urnace iain Systems with an Application to a Ten- Room 7 
Residence.* J. D. Hoffman. (Paper read before the Amer. Soc. of Heating and 
Ventilating Engrs.) (70) 

‘The Garbage —— of the Newport Naval Training Station.* R. E. Bakenhus. 


The Sewage Disposal Works of Baltimore.* (14) Feb. 27. 


_ ‘The Design of Culverts and Sewers. Ernest McCullough. — (Abstract of pa 

: before the Ill. Soc. of Engrs. and Survs.) (14) Feb. 27. 
The Reclamation of an Extension to Lincoln Park, Chicago.* Feb. ne 
Central Heating Plant for Lebanon, Ind.* Byron T. Gifford. (64) _ Mar. 2 


Merchants’ Association Plans for Treating New Sewage beneath the street 
 Surface.* (13) Mar. 4. 


An Additive Method of Determining Storm Water 
-Epuration des Eaux d’Egout par le Procédé Biologique Intensif sa Comparaison — 


s of t 


The Corrosion of Iron and Steel Alfred Sang. —— 
‘When and How Piling Should Be Used in Foundations.* W. M. Brott. (From 7 

The Elastic Breakdown of Materials Submitted to Compound ‘Stresses.* f 
_ Turner. (11) Serial beginning Feb. 5. 
The Resilience of Reinforced Concrete.* EB J. McCaustland (From Cornell Civ. | 
_ Method of Constructing Reinforced Concrete Pile Bents for the Atlantic ial Board-_ 
Reinforced- Concrete Building of the Phelps Publishing Co., Springfield, Mass.’ * 
“Advance in Reinforced-Concrete Construction: An Argument for Multiple- -Way 
Reinforcement Slabs.* A. P. Turner, M. Soc. Cc. E. 
Diagrams for Rivet Such in Loaded Girder Flanges.* P. L. 18. 
The Concrete Grain Elevator of the Pennsylvania at 

‘Structural Details in the armers Loan Trust York.* ‘Feb. 

Construction and Erection of a One- and-a- ‘Million Three- Lift. Gasholder and 
Concrete Tank at Devonport.* J. M. Campbell. (Abstract of a paper read 


before the wondon and Southern Dist. Jun. Gas Assoc.) (66) Serial begin- a 
j ning Feb. 23. 


Straight or Concrete Piles? Cle arence S. Howell. (13) Feb. 25. 
The Theory of Eccentrically- Loaded Columns, Including the Influence of Shear Dis- 

tortion.* Henry S. Prichard. (13) Feb. 25. 

The Cost of Concrete Buildings. (14) Feb. 27. oresth 

The Relation of Non-Pressure Processes of Wood Preservation to Pressure Pro- 
4 cesses.* W.F. Sherfesee. (13) Mar. 4. nai 
Underpinning a Building with a Concrete Girder, 105 Ft. Long.* 13) Mar. 4. 
Diagrams for Reinforced Concrete Beams. H. O. Schermerhorn. (14) Mar. 6. 
Action de l’Eau de Mer sur les Ciments. M. W. Tscharnomsky. (84) Jan. 
= & Section Circulaire pour Grains.* (84) Jan. 

La Dureté des Aciers aux Basses Températures. Robin. te Feb. 
Beitrag zur Berechnung der Eisenbetonbauten. F. Jerosch. (81) Vol. 1, 1909. 
‘Inhalt und Oberflache von Pr ismatischen Korpern mit 
Wileke. (81) Vol. 11,1909. 
Funken als Erkennungszeichen der Stahlsorten. Max Dermenn. (48) 
Der Eisenbeton im Wettbewerb um die Luftschiff- Bauhalle Zeppelin’ s.* (51) “Serial 


Kaltbearbeitung und Zugversuche. R. Stribeck. (48) Feb. 13. ae 
Hisen- Konstruktionen im Neuen Stadttheater in Kiel.* Leitholf, (51). ‘Serial, 
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CURRENT ENGINEE 


Mechanical Irrigation on the Nile.* B. Van Brussel. Feb. 
The Esneh Barrage for Irrigation in Egypt.* Feb. 5. 
~The Recent Parisian Experiments on Water Sterilization by Ozone. (14) Feb. 13. 
Seepage Loss from Irrigation Canals. (14) Feb.13. | Fet 
The Control of Hydraulic Power Development in New York. (14) Feb. 138. ai * 
New Building and Pumps, Lake View Pumping Station, Chicago. ' 
) eb. 1 


Analytical Reports on Water | Samples. Fred A. ee Serial rial beginning © 
Feb. 19. 


-Penstocks for Water Frank Koester. (14) Feb. 20. 
Iron Removal Plant of the Shelby, Ohio, Water Company. Philip Burgess, (14) 
Tidal Power.* W. C. Horsnaill, A. M. I. Mech. (12), Feb. 26. 
The Water Supply of Paris. (14) Feb. 27. 


Hydraulic-Power the Pacific Coast. Frederic A. ‘Perrine. (10) 
The Snee Wave Motor and Its Possibilities. * Franklin Van Ww inkle. (64) Mar. 2.. 
A Additive Method of Determining Storm Water Run-Off.* (14) Mar. 6. 
The Hydro-Electric Developments of the Nevada-California Power eat . 
Chapman. (14) Mar. 6. 
La Stérilisation par l’Ozone des Eaux Potables et Clarificateurs avec  Dégrossis- 
-_seurs Biologiques.* L. Borne. (32) Dec. 


Hochwasserschutz fiir Breslau. Wannovius. (51) ‘Serial beginning Jan. 27. 


The Georgian Bay Ship Canal.* J. G. G. Kerry. (9) Feb. " am.» deol 
A Defence of the Present System « of Improvements on the Kan anawha River. ° FF, 
The Cast-Iron Sluice Gates for the Fens Gate Chamber, , Charles ‘River Basin, Boston, 
-Mass.* Walton H. Sears. (13) Feb. 25. 


Description and Cost Estimates of the Proposed Georgian we Ship Canal.’ a (13) 


Traveling Cranes for Building Lock Walls Brownsville.* (14) 


Report of Board of Inspecting Engineers on the Panama Canal. (14) Feb. 27; 2 


Some Further Evidence the Best of Canal for ‘Panama.* (13) 
4. 


The Ohio River Dam and I Leck No. 37, near Cincinnati, 0.) (13) 1 Mar. 4. 


Note sur les Travaux de Construction de l’Ecluse @ Sas de la Floride au Port du 
Havre (Terrassement et Maconneries).* Guiffart. (43) Sept. Bela 


Lampe a Acétyléne 4 Allumage et 4 Extinction Automatiques pour Feux a Eclats.* 


Die Arbeiten am Panama-Kanal.* Hermann Bertschinger. (48) Serial beginning 


*TIllustrated. 
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OCEEDI 


Edited by the Secretary, under the direction of the Committee on Publications. | 
“Reprints from this p publication, whic h is copyrighted, may be made on condition t! that 
the full title of Paper, name of Author, page reference, +, and date — 
ation: to the Society, | are given. 
rem. 
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AMERICAN SOCIETY 
AMERICAN SOCIETY 
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| 
Society Affairs... .Pages 193 to 230. was 
Papers and Discussions. .. Pages 307 to 426, 
 Crvin ENGINEERS, in the office of the Librarian of Congress, at Washington. 


naineers, 


OFFICERS FOR 1909 


_, President, ONW ARD B ATES | 


Term expires January, 1910: Term expires January, 1911: 
MORDECAI T. ENDICOTT H. PEGRAM 
GEORGE F. SWAIN SW ENSSON 


Seer cH ARLES Ww ARREN HUNT 


Term expires ea January, _—— ires Janua Term expires Jan uary, 
AL LEN HAZEN FRANCIS LEE STUART 
GEORGE W. TILLSON G -EORGE Ww. KITTRE SAMUEL C. THOMPSON’ 
FRANK W. HODG DON DEXTER BRACKETT WILLIAM G. WILKINS 
JAMES CHRISTIE HORACE ANDREWS ARTHUR N. TALBOT 


HORACE E. HORTON GARDNER S. WILLIAMS. WILLIAM M. G ARDNER > 
ARTHUR L. ADAMS— CHARLES 8S. . CHURC HILL HORACE A. SUMNER 


“Assistant Secretary, T. J. McMINN- 


Standing Committees 
PRESIDENT OF THE SOCIETY IS e2- MEMBER ALL 
GEORGE H. PEG {RAM Cc. L. H :EORGE W.. Er [TREDGE 
ALLEN H AZEN GEORGE F. SWAIN JAMES CHRISTIE 
Ss. C. THOMPSON FRANCIS LEE STUART ¥F.W. HODGDON 


W. G. WILKINS -EMIL SWENSSON _ DEXTER BRACKETT _ 
_M. T. ENDICOTT. HORACE ANDREWS CHAS. WARREN HUNT 


Special Committees 


On Untrorm TESTS oF CEMEN'’ : George S. Webster, Richard Millia George 
| ‘Swain, Alfred Noble, Louis C. Sabin, S. B. Newberry, Clifford Rie hardson, W. iB. Ww. 


Howe, F.H. Lewis, 

On Rain Sections: J Joseph T. Richards, C. W. Buchholz, E. C . Carter, Ss. 
Felton, Robert W. Hunt, John D. Isaacs, Richard Montfort, H. G. Prout, Percival 
_ Roberts, Jr., George E. Thackray, Edmund K. Turner, William R. Webster. cere 
On CONCRETE AND REINFORCED ConcreTE: C. C. Schneider, J. E. Greiner, W. K. 
Hatt, Olaf Hoff, Richard L. Humphrey, . Robert W. Lesley, J. W. Schaub, Emi! Swensson. 


Status oF METRIC System : Stacy B. Opdyke, Jr., D. A. Molitor. 
On ENGINEERING EDUCATION: | Desmond FitzGerald, Benjamin M. ne, Senet 


The House of the Society is o open n from 9 A.M. to” 10 P P.M. every day, except ‘Sundays, ; 
Fourth of July, That csgiving Daya id C Shristmas Day. 
House oF THE Socrery— 220 West Firry-sEvENTH Srneer, New 
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‘PROCEEDINGS 


ciety is not responsible, as a body, for ‘the facts and opinions 's advanced — 
in any 0 of its publications. o> 


SOCIETY . AFFAIRS 
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ON CONTENTS 
“Minutes of Meetings: 7 . PAGE 
mR Of the Society, March 17th, and April 7th, ed 
Of the Board of March 2d, and April 
| | whic 
Privileges of Engineering Societies Extended to Members.,....... 201 
Searches in the Library 


_ Accessions to the L Librar \ 


Recent Engineering Articles of Interest. . 
MINUTES OF OF MEETINGS 


‘OF THE SOCIETY 


Perciv: March 17th, 1909.—The meeting was « called to order at 8.30 P. M. 

Vv ‘ice-. -President George H i. ‘Pegram in the chair; Chas. Warren Hunt, 

Secretary; and present, also, 155, members, and 42 guests. 

-_ paper by L. R. Gifford, Assoc. Am. Soe. _E,, entitled 

ta “Steel Sheeting and Sheet- Piling,” was presented by the author. ae 
on subject from Messrs. W. Sherman 

| Gerber, 


The — the following deaths: 
Sundays. | 


3,18; Asso- 


& F&F 
7 
| 
7 
a 
George 
Guartes Hersert Deans, elected J unior Decem 
ciate Member May 6th, 1896; died March 7th, 190 


MIN (UTES OF MEETINGS 


April 7th, 1909.—The meeting was 
President Onward Bates, i in the chair; Chas, ng Hunt, ry; 
present, also, 111 “members a1 and 24 guests. 
_ The minutes of the meetings of February 17th and March 34, 1909, 
: were approved as printed in Proceedings for March, 1909. a. 
_ A paper by E. E. Howard, Assoc. M. Am. Soe. C. E., entitled ‘ “The 


Sixth Street Viaduct, City,” was presented by the Secretary, 


| Written communications on. the paper, from Messrs. Victor H. 


"Cochrane and Daniel Bontecou, were read by the Secretary, and the: 
subject: ‘was discussed “orally by Messrs. G. H. Pegram oO. 


The Secretary announced the ¢ election of. the candidates 


by the Board of Direction on April 6th, 1909 


MEMBERS. 


W TLLIAM Pore ANDERSON, Ohio. 
Grorce Parker Barp, Boonton, 
Aprian HamMonp, Mount N. Y. 
JOHN Byers: Totsroox, New York City. 
Tuomas Joun Morrison, Rochester, N. 
WILLIAM WELCOME Pr ABoDy, W hite P lains, N. N.Y. 

GEORGE Perrine, New York City. 

‘FREDERICK Grorcr Ray, ‘Detroit, Mich. 
WALTER Brirron Rrrrennousr, Duluth, Minn. 
Watrer WILLIAM ScuL EOHT, Washington, D. 

 Davip Crartes Server, New Y ork City. 

Howarp Evererit Srevens, St. Paul, 


Cartton Carrenter Wirt, Sioux Falls, Dak. 


“As Associate Mempers. 
Aurre Curtis ACKENHEIL, Aspinwall, 


GEORGE Wisnarr Burz, Sehuylkill Haven, ‘Pa. 
REDERICK Carst ARPITEN, Denver, Colo. 

CHARL NeepuaM Forrest, | Maurer, 

Fur. Low, Manios, Brazil. 
James Cowan Green, Albany, Y. 

JESSE Warren Isams, Albany, | 

Maro_ ‘JOHNSON, Chicago, Til. 


SaMuEL Reynotps Jones, New York City. 


Arruur STEPHEN Lewis wIs, il. 
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OscaR CHARLES MERRILL, Berkeley, Cal. a, ! abe 
é 
— 


GEORGE Bruce: PALMER, ‘Pittsburg, Pa. 


REDERIC East Orange, N. J. 
Tuomas Rigs, JR., , Washington, 
DonaLp Sawyer, Seattle, Wash. 
Tuomas ArrHur Siru, J acksonville, Fla. 
ry Evisu WituaM Stevens, Hackensack, 
Harotp Stevens, Houston, Tex. 
te 
Ropert- Summers Stock Ton, Glendive, Mont. 
OMNER JAY TuRLEY, “Aztec, N. Mex. 
kK. Epmunp Boy Uxricu, Reading, Pa. 
iad Joun Henry Leon oat, Louisville, Ky. 
vee ADELBERT ALONZO WEILAND, , Pueblo, Colo. 
ites 
Lewis Maxw ELL Youna, East Boston, 
| 
WNSE New City. 
Low rey WaLiace ANDERSON, Dallas, Tex. 
TOWNSHEND Cuevatier, New York City. 
Herbert McMititen Disert, Troy, N. 
CALVIN Foss, Jr., Wailuku, 
(CHESTER Mason Goutp, Cold Spring on Hudson, N. Y. 
Epwarp PARMELEE Hamitton, Havana, Cuba. 
Bensamin Eart Jones, Washington, D. C. 
Harotp Vincent Norfolk, Va. 
Frank Epwarp Reep, Carmel, N. Y. 
~Parricio ANDRES Suarez y CorDOovEs, ‘Santiago de Cuba, Cuba. 
CHARLES » Wane, Ithaca, N. 
James Mapison WarNER, Chicago, Ti. 
Grorce LansING ‘Wentworrn, “New York City. 
announced the transfer of the following candidate tes 
by the Board of Direction on April 6th, 1909: 1. a 
F REDE RICK -AURYANSEN, Jamaica, N. 
GEORGE _Herser RT R, Boston, Mass. 
Myron New York ‘City. 
JuLIAN Hastines GRANBERY, New York ‘City. 
Jacoss, Portland, Ore. 
E DWIN SETON Jarrett, New York City. 
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Society 


MINUTES OF MEETINGS 


Oscar Francis Baltimore, Md. 
‘aa Henry Bennerr MA ACHEN, New York City. 
- ‘City of Mexico, Mex. 


Howarp Kansas City, Mo. 


ALBEE RT Lowry Wesster, New York City. al 


J UNIOR TO ‘MeMBER. 


AL Seymour ACKERMAN, Sandwich, Mass. 


-Goprrey Aen, Cuinth, Miss. 
Con LINGWOOD ) Bruce Brown, Jr., Montre al, Canada, 
Henry Avery CAMPBELL L, ‘San Francisco, Cal. 
Rosert Epwarp Carrick, New York City. 

Epwarp Dicke, St. Louis, Mo 

Matcotm Exuiorr, Culebra, Canal Zone, Panama. 

Tuomas Litty Fountain, 

'THoMAS Hacen Pittsburg, Pa. 
-ALEXANDE R SYLVESTER i AMIL LL, ‘Jersey “City, 
Heer, Jr., Tuscaloosa, Ala. 
‘Les. sLIE McHara, | New York City. 

(Cartes Westy Matcoum, Urbana, tl. 


ALFRED MILLER, Azua, Santo— Domingo. 


Freperick Horace TTs, Berkele Cal. 
Hoven WickersnaM, Lancaster, Pa. 


From JUNIOR TO 
Henry Rocers Copwise, N. 
The Secretary announced the ie following deaths! 4 
James Eacer Wi LARD, elected Member May Ist, 1889; died March 
8th, 1900, 


Juivs WILLiAM — B, elected Junior Woven ember 5th, 1884: Mem- 


ber October | 6th, 1886; died March ¢ 30th, 1909. 


Adjourned. 
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M em- 


MINUTES OF MEETIN 


THE BOARD OF 


‘March 2d, , 1909. ‘resident Bates in the cha ir; Chas. WwW arren 


ITunt, See retary ; present, also, Andrews, Brackett, 


‘Churehill, Knap, Pe Schneider, Stearns, 
Members, 13 
sociate Associate, wa 12 were > elected, and 
— were transferred to the grade of Associate Menten. 
_ The Constitution adopted by the Colorado Associat ation of “Members: 
- the American Society of Civil Engineers was approved. 
rs Was | 
- The Secretary was authorized to issue a circular calling | atte ntion 
toa meeting for the consider ation of the subject of the Conservation. 
of Natural Resources to be held March 24th, 1909, at the | Engineering 


Building, 


a 0 ight Associate Members were transferred ‘to the grade of Member. 


=" were considered an and other routine business anni 
Adjourned. 
_ April 6th, 1909.—I President B ates in the chair; Chas. W: arren Hunt, 
retary and present, also, Messrs. s. Andrews, Br racke tt, ndicott, 
Kittredge, } Noble, Pegram, § Stuart, ‘Swain, | Swensson, ‘Thompson, -Tillson, 

Ballots for Membership were canv assed, and 15 13 Members, 28 Asso- 

a ite Membe rs, 1 Associ ate, and ‘15 5 Juniors were elec ‘ted, 16. Juniors 
transferred to the grade of Associate Member, and 1 Junior 

tri ansferred to the grade of Associate. 

were. ‘adopted: 

Whereas, the accommodations available at the shi ee of the coming 
Annual Convention are unlikely to exceed those needed for our. 
members, it is ‘resolved that the Society do not invite —— 
N: ational Society to participate in the said Convention. ios 

ed, that members | be informed that it is desirable that only 


those of their immediate. coed should be included in the attendance. 


is “not a mensher of pty a me ember of the 
The Secretary was authorized to issue to all members of the Society 
a pamphlet containing the addresses delivered at the joint meeting of 
Engineers, held March 24th, on the Conservation of Natural Resources. $ 


Twelve Associate Members were transferred to the grade of Member. | 
Applications | considered and other routine business. transacted. 


Adjourned. 
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‘ANNOUNCEMENTS | 
ANNOUNCEMENTS 


|The House of the Society is open from 9. to 10 P. M., 
every day, except Sundays, Fourth of July, Thanksgiving Day, and 
Christmas 


Two papers _will | be 
presented for as System of Cost Keeping,” 
by ‘Myron S. Falk, M. Am. Soc. K. ; and “The Desi ign of 


Elevated | Tanks sand Stand- -Pipes,” | y C. Bireh- Nord, Assoc. 


1909.—8.30 P. M.—At this’ meeting two 
papers will be presented for discussion as follows ; = The Sewer System 
a San Fr: rancisco, and a Solution of the Storm-Water Flow Problem,” = 
by C. _E. Grunsky, M. Am. Soe. C. E.; and “Some Extensive Railro: ad 
Surveys and Their Cost per Mile,” by W. 8. McFetridge, , M. Am. 


Mr. paper was. printed for 1909), 


and that by M Mr. McF etridge of P roceedings. 


2d, 1909.—8. 30 P. M. wo papers will be presented for 


follows: Tests of Built- Up Steel and Wrought-Irou 
Compression Pieces,” Arthur } N. T albot, M. hue, Boe CO. E., and 


Herbert F. Moore, Esq.; and ‘ “Caisson Disease and Its Prevention,’ ’ by 


Henry J Japp, M. Am. ‘Soe. C. E. 
These papers are printed i in this number edings. 


ANNUAL’ CONVENT 


The: Forty-first Annual Convention of the Soc ‘ety wil be held igi 
‘the Mount. Washington Tfotel, Bre -tton W Voods, N. : from July 6th 


following Committees: 


OF T HE BOARD OF DIRECTION 


The general arr for the a ‘onvention are in the 


Warren Hunt. 


© 
LOCAL COMMITTEE 


W. 
A. Dean, J. _F. Srevens 


A ‘Hayes, E. Tinknam, 


Grorce A. D. Woops, 
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Affairs.] ANNOUNCEMENTS 


ME 
OF NATURAL RESOURCES 


Building, 29° W. est 39th ‘Stre eet, ‘New Y City, a 8 M. on Wednee- 


day ay, March 24th, 1 1909. 
This: meeting was called jointly by the four National Engineering 


ocieties, each havi ing ‘selec ‘ted one of its members to deliver an address 


Di Tames Douglas, Past-P resident of the American. Institute of 
Mining» Engineers, preside d. telegram from ‘President William H. 


was read, and Dr. ad meeting. 
s 


ldresses were then delivered | 

“The Conservation of W: ater,” 
stem “The Yonservation of Natural Resources by 


R. W. Raymond, M. Am. Tnst. M. E.; 


“The W. aste of Our Natural Resources by Fire” 
Charles W hiting Baker, M. Am. Soc. M. E. al 
lectricity y and the Conservation of Enc nergy,’ 


= Lewis B. Stillwell, M. Am. Inst. E "es 


being printed | and will be in separate pi amphlet form, to all 


ne 


1embers of the — 


‘THE JOHN FRITZ MEDAL 


‘the med: 1 shall giv ven “ “for ie. scientific or 

achiev rement, and that there shall be no restriction on 
_—_ account of nationality or sex. ” Awards may be made annually by a 
nds of Board ‘of sixteen, appointed or chosen equal numbers from the 
| me mbership of the four National i Engineering Societies, the American 
Society of Civil Engineers, the American Tnstitute « of Mining Engi- 

neers s, the American Society of ngineers, the American 


Tustitute of Electrical E ngineers. 


The ards made to date have been as 
First award, January 20th, 1905, to Lord for hia tn 
telegraphy and other scientific attainments. 


; Second award, January 19th, 1906, to George Westinghouse for the | 


and development. of the air brake. 
for 


hird award, January 18th, 1907, to. Alexander Gral aham. Bell fe 
the invention and introduction of the telephone. 
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~The John Fritz Medal was established by the professional asso-| 
ciates and friends of John Fritz, of Bethlehem, Pennsylvania, U. 8. A., 
on August 21st, 1902, his eightieth birthday, to perpetuate the memory | 
7 


= es Fourth award, January 1 17th, 1908, to T ‘homas Alva E dison for the | 
invention of the duplex and quadruplex telegraph; the phonograph; 
the development of a commercially practical incandescent lamp; ; the 
development. of a complete system of electric lighting, including : 


dy mamos, regulating: devices, underground system protective devices” 


Fifth January 16th, 1909, to Charles T. Porter for his 


work in advancing the knowledge of steam engineering and i n im-_ 


= 


prov ements in engine construction. 


Board by which the last awi ard was made: : 
G. Spilsbury, Chairman; Chas. Warren secret tary; C. 
Schneider, Frederic Stearns, Geo. i. Benzenberg, James I Douglas, 
Charles Kirchhoff, E Oleott, « John FE. Sweet, Henry Towne, 
Ambrose Swasey, F Hutton, John W. ‘Lieb, or, heeler, 
Samuel Shel lon, H. G. Stott 
The medal was presented to Charles Talbot Porter” on Tuesday 
evening , April, 13th, , 1909, 1 in the E ngineering Societies Building, New 
‘The present: ition was made Gybbon § Spilsbury, Pas ast-President, 
> Inst. E. E.; M. Am. Soe. ; Chairman of. the 


_ Award; and the following addresses were delivered: ee 
“THE Dest Moperw Ixpusrriat IZATION TO THE 
{NGINE AS A Sou RCE oF Powe 
F. M. Goss, M. Soe. M. E 


‘ 


STEAM 


E.; Assoc. Am. 


E.; ; Dean of the College of Engineering of the 
Thiv ersity of Tllinois. 


HE Dei ‘BT OF THE Move RN St ENG UNGINE TO CHARL ES ORTE RTER.”” 


Soe. ‘M. E.; Past- President, Am. Inst. M. E. 

“Tun DE OF Era or Evecrricrry To THE ‘Ten- SPE ED 


M. Am. Soe. COE 


APERS AND DISCUSSIONS 


The first volume of for 1 1909 Wol. been 
issued. ssued during the year. 
It is hoped that besos and others who take part in the dis- 
parts ae 

‘eussion of the papers presented will rev revise their remarks promptly, 
and that all w ritten communications from those who cannot attend 


the meetings will be sent in at the earliest possible ¢ date after the issue 


of a paper in Proceedings. The issue of volumes of Transactions i is 


F 
= 
1 
' 
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ANN 


de on the closing of. and. the co-operation of the 

ph; membership | will now be m more necessary in this matter than heretofore, — 

a = ause four volumes are to be issued during the year instead of aa 


ing and, to accomplish this, a definite date of issue for each has been . 
ices» is expected that the second v volume of 1909 will be 
5. issued on June 30th, and the third and fourth on September 30t 30th and 
am q papers accepted by the Publication Committee are classified | 
_ by the Committee with respect to their availability for discussion at 
gq 
wne, Proceedings, and set down for presentation to a future meeting of sl 
eler, iety, and, on these, discussion, well as” written -communica-| 


AIL papers which not come ‘under this heading, that is to. say, 
Ww ie which, from their mathematical or technical nature, in the 
dent, 


— of ey Com — are not adapted to oral discussion, will not 


dof in | in manner as those which are to 
be. presented meetings, but written 


in the volumes of Transactions. 


f the 

"EXTENDED TO OF THE 

TER.” AMERICAN SOCIETY OF CIVIL ENGINEERS © 

: Members of the American Society of € Civil Engineers Ww ill be we 
comed by Engineering Societies, both to to the use of their 
Reading Rooms and at all Meetings: 

Ins 9 West -Thirty- = 
Australasian Institute of Mining Engineers, ‘Victoria, 


Australia. ctoria, 


ath 


3 been Club, 197 Montague Street, ‘Brooklyn, N. 
ar. = Canadian Society of Civil Engineers, 877 Dorchester Stre Street, ee 
dis- treal, Que., ,Canada, 
mptly, fF Civil Engineers’ Society of St. Paul, St. St. Paul, ‘Minn. - 
attend Cleveland Engineering Society, 718 Cleveland, 


ions is | Cleveland Institute of Engineers, ‘Middlesbrough 


i 
> 
Inst. 
> 
, England. 
| 


[Society 
Association of Am. Soc. 235 ‘Equitable 
Building, Denver, Colo. 
_ Engineers’ and Architects’ of Louisville, y+, 303 
Building, Fourth and Jefferson Streets, Louisy ille, 
Engineers’ Club of Baltimore, Baltimore, Md. 
‘Engineers’ Club of Central Pennsylvania, | 1er Second and 
Walnut Streets, Harrisburg, Pa. 

_ Engineers’ Club of Minneapolis, 17 South Sixth Street, Minneapolis, 

Engineers" Club of Philadelphia, 1317 Spruce Street Philadelphia, Pa. 
_ Engineers’ Club of St. Louis, 3817 Olive Street, St. Louis, Mo. 

~ Engineers’ Club of Toronto, 96 King Street, West, “Toronto, Ont... 


Engineers’ Society of Western Pennsylvania, 803 Fultot 


Bui 
_ Pittsburg, 


Institute of Marine Engineers, 58 Romford —" 


‘Institution of Engineers of the River 


the & 


Naval Architects, Adelphi Terrace, 


Junior Institution of Engineers, 39 Victoria Street, Westminster 


Engineering Society, 604 Newcomb 1 
New Orleans, La. 


S 
= 
= 
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=| 


Stratford, Lon- 


Sheffield, ‘England. 


Society of Engineers, Butte, 


‘Oesterreichischer ‘Architekten-Verein, 
o 

bach gasse { 9, Vienna, Austria. 
Pacific Northwest Society of Engineers, 617-618 Pioneer Building 
Rochester Engineering Rochester, N. ¥ 


-Verein, ‘Dresden, 


— 
| 
— 
— 
— 
tm 
| 
g, Civil and Mechanical Engineers, 
| 
-& 
aé 
_ 
Colombiana de Ingenieros, Bogota, Colombia. 
ate Societe des Ingenieurs Civils de France, 19 Rue Blanche, Paris, 
» 

— 

| 


‘Society of Engineers, Ww Vic Stree t, Westminster, 8. 
England. 


Svenska Teknologforeningen, 


Brunkebergstorg. 18, Stockholm, 


Tekniske Forening, Ve: Boulevard 18-1, Copenhagen, Denmark. 
_ Western Society of Engineers, 1737 Monadnock Block, Chicago, I. _ 

_ SEARCHES IN THE LIBRARY 7 


In January, 1902, the Secretary was authorized to make searches 


in the Library, upon request, and to. charge therefor the actual cost to 

the Society for the extra work required. _ Since that time many searches — 7 

he ave been made, and bibliographics and other information on special — 

re resulting. to the members, who have made use of 
the resources: of the Society in this manner, has been expressed _ fre- 

quently, and leaves little doubt. th at, if it were generally known to the © 

membership that such work we would be undertaken, many would avail — 


The cost is tri ig compared. with the value of the t time of an 


engineer who looks up such matters himself, and the work can be 
performed quite. as - well, and much more quickly, by persons familiar 


ndon, 


nster, 


— In asking that porn work be undertaken, members should specify 

cles arly the subject to be covered, and whether references to general — 

hooks only are desired, or whether a complete involving 
search through periodical literature, is desired. 
In reference to this work the Appendix* to the Annual Report of. 
the Board of Direction for the year ending | December 3ist, 1906, con- 


ta ins a summary of all set arches made to tha at ds ate. 


* Proceedings, Vol. XXXII, p. 20 (January, 1907). 
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ACCESSIONS: THE LIBRARY 


TO 


(Fro rom 10h to 1 1909., 
DONATIONS. 


Co, 1908, 0.0 00 net 


_ The purpose of the author, as stated in his preface, has been to prepare, for _ 
Lag the use of the surveyor in the field, a book of convenient size and scope, and one 
=a all the essentials for ordinary surveying. The traverse table has been 

omitted, as, in the author’s opinion, small traverse tables are of no avail in an 
exact survey and the large ones are books in themselves. Several of the chapters 
have short bibliographies at the end. The Contents are: Chain Surveying; Com- 

> _ pass Surveying; Transit Surveying; Calculation of Areas; Division of Land; Level- 
> ; ing; Topographic Survey; Railroad Surveying; Earthwork ; City Surveying ; Plotting 
and Government Surveying ; Trigonometric Formulas ; Tables; Index 


NG WORK IN ‘AND. CITIES. 


By Ernest McCullough. Second Edition. Cloth, 8 x 5} in., a 
8 + 502 pp. _ Chicago and New York, ' The Myron c. Clark Publishins 
Co. , 1908. $3.00 net. iin ; 


This work is written for two classes of town officials, those with no technical 
education, as councilmen, etc., and those having more or less technical training, as 
town or city engineers. In the first edition each subject was treated in two chap- 
ters, one from each standpoint, but in this edition the two treatments have been 
combined so that every subject is complete for all classes of readers in the chap- 
| 


ter devoted to it. Where errors were found, the preface states, they have been 
corrected in this edition, some new matter has been added, and the chapter on Rein- 
_ forced Concrete entirely rewritten. The author states also that much of the — 
information is the accumulation of many years’ experience, and that he believes 
some of it to be here printed for the first time, as it has been picked up in the 
field, over the drawing board, at engineers’ conventions and in conversation with 
experienced and practical men. The Contents are: The City Engineer and His 
Duties; Roads and Streets ; Walks, Curbs and Gutters; Street Pavements; Sanita-_ 
tion; Drainage and Sewerage; Water Supply; Concrete; Contracts and Specifica- 


tions ; Miscellaneous Data; Office Systems; City Engineer's Records; Field Work; © 
° ° ° °° ° °° 


THE DESIGN AND EQUIPMENT OF SMALL CHEMICAL LABORATORIES. 


By Richard K. Meade. Cloth, 93 x 6 in., illus., 136 ¢ ‘hicago, 
The Chemical E ngineer Publishing Co., 1908. $2.00 net. 


author states that while this book is intended primarily as. suggestions to 

§ _—- and inexperienced chemists, he hopes experienced chemists will find in it 

some points of use and help. ‘The firms making the various forms of apparatus 

= _ described are mentioned by name for the convenience of the reader. The Contents 


are: General Features; Hoods; Sinks and Water Supply; Desks; Table and Ap. 


paratus for Rapid Filtrations, -etc.; Ignition Table and Apparatus for Ignition; 
Table and Apparatus for Titrations ; Balance Support, Balance, and Accenseries 
Heating Appliances; Preparation of Distilled Water; Apparatus for Electro-chemical 
Analysis Sampling Appliances; Assay ‘Furnaces ‘and Accessories ; Miscellaneous 


Index. 


THE ENGINEERING INDEX FOR 1 1908. 


Gompiled from the Engineering ‘Index Published Monthly in The 

Engineering Magazine during 1908. Cloth, 93 x 63 in., 14 + 487 pp- 
New York and London, The Magazine, 1909. $2.00. 


‘This is the seventh volume of the Engineering Index issued since. the we was 
a a - first undertaken by the late J. B. Johnson, M. Am. Soc. C. E., and the third since 


—_ *Unless otherwise specified, books in this list have been donated by the Che Gener. 
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‘the index became an annual. together these volumes” form a continuous 
index to engineering and technical literature from the beginning of 1884. The 
arrangement of the index is still the same as that published monthly in The Engi-_ 
neering Magazine. - The articles are first grouped under the great divisions of 
engineering practice—Civil, Mechanical, Electrical, Mining, etc.—and under these | - 
again sub-grouped according to the recognized special divisions of each field, _the 
final arrangement under these being strictly alphabetical. The 1908 Annual in-. 
cludes about two hundred and fifty publications, about three-fourths of which are. 
printed in English, the others being in German, French, Spanish, Italian, and 
Dutch. Following each entry is a brief descriptive note defining the scope and 
_—- purport of the article. Serials are indexed under the first installment except in 
the ease of short articles, which are indexed entire. The Annual is carried through © 


"THEORY OF SOLID AND BRACED ELASTIC ARCHES. 


By William Cain, M. Am. C. E. Second Edition, Revised 
and E inlarged. Boards, | 6 x # in., illus., s+ 100 pp. New Y ork, 
Van Nostri and Comp: any, 1909. cents. (Donated by the Author.) 


This work has been, the author states, almost entirely rewritten, and treats in - 
great detail of elastic arches of variable cross-section, particularly concrete and 
reinforced concrete arches, the aim being, not only to present the theory in a simple, 
convincing manner, but to furnish the computer with several examples worked out 
‘in full, so that he shall find no difficulty in applying the theory rapidly and with — 
certainty, to similar arches. The Chapter headings are: Equilibrium Polygons, _ 
>) lastie ‘Theory ; Concrete Arch, Both Graphical and | Analytic al Solutions; pela 


Centered Arch, Algebraic Solution in Full ; Temperature and Allied Stresses ; Rein- 
‘forced Concrete Arch, — of Single Loads; Arches ow Two or Three Hinges, 


UNIVERSITY OF Lo LONDON, CHADWICK LECTURES, ‘SESSION 1907-08. 


Containing Lectures on the EF ngineering ‘Aspeet of Recent Adv vances — 
in Connection with -Sewering. W. D. Seott-Moncrieff. Paper, 
83 x 53 in., 79 Londe sondon, St. Bride’ Tess, L td. 1909. Two -shil- 7 


Tings mete 


This series of four lectures was delivered at the University of London under 
‘nita- the endowment derived from the Chadwick Trust, which requires that the lectures — 7 
‘ifica- shall have special reference to recent advances in hygiene and municipal engineer-— 

; ing. Lecture I is historical and introductory, and takes up the early unsanitary ~ 
condition of England, and summarizes the progress made, reports of committees, A. 
ete.; Lecture II deals with the functions of the physician, chemist, bacteriologist, | 
and engineer in sanitary progress, and the special work of the engineer in connec- — 
tion with the sewering of houses and streets; Lecture III is on sewage disposal 
Lecture IV discusses what the “bacteriology, ete in sewage disposal work, pore 3 

know to. bacterio ology, ete 
¥ HE RAILROAD SIGNAL DICTIONARY 


‘An Tilustrated Vocabulary of Terms 

Railroad Signals, Their Parts, Attachments, and Details of ee 
tion, Ww ith Descriptions of Methods | of Operation and i 

tions of British Signals and Practice. ~ Comp. for the Railway Signal © 

Association by Braman Adams and Rodney Hitt, Jun. Soc. 

(. E. Morocco, 12 x 83 in., illus., 10 + 36 + 472 pp. New York 


, Railroad Age-Gazette; London, Railway Gazette, 1908. 


This work consists of thirty-two pages of dictionary text and more than four. 
‘hundred pages of illustrations interspersed with a small amount of text. At the 
end of each dictionary article there are references to the figures in the album | 
part of the volume. The illustrations are grouped in five parts: Signal Indications; | 
Block Signals ; Highway Crossing Signals; Interlocking; Block and Interlocking | 
Accessories. There are classified and alphabetical indexes given at the beginning 
of the album portion of the volume, making the — of engravings accessible : 
tothe user, 
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Canadian Min. Inst. 2 pam. | 


ACCESSIONS TO THE LIBRARY 


a Gifts have a also been received from the following: — 
Am. Gas Inst. 1 teend vol. oe _ New York Central & Hudson R. R. Co. 


Argentine Republic-Ministerio de Obras pam. go 


 Publicas. 1 pam. New York City Record. 1 bound vol. 
Arizona-Agri. Exper. Station. 5 pam. Newark, N. J.-Board of Street and Water | 
Arlington, Mass.-Town Clerk. vol. Gommrs. 2 pam. 
Arnold, Bion J. 3 pam. a Newhall, Henry. — 37 pam. 
Australia-Commonwealth Statistician. North, Edward P. 2 bound vol. 
pam - North British Ry. Co. 1 pam. — 
Belzner, ‘Theodore. 2 pe pam. Se Nova Scotia Min. Soc. 1 vol. 
Berlin Kgl. Technische Hochschule. 1 Oberlin College Library. 1 pam. 
pam Qhio-State Board Health. ho 1 “bound 
Boston, Mass.-Health Dept. 1 bound vol., vol. 
pam State Univ. -vol., 1 pam. 
_ Brookline, Mass.-Water Dept. 1 pam. Oesterreichischer Ingenieur- und Arch- 
California-State Forester. 2 pam. 1 pam. 
State Harbor Commrs, 3 
Canate-1 Dept. of Rys. and Canals. 1 y 1 vol. Philippine | Istante- Bureau of 
Canadian Soc. of Civ. Engrs. 2 ‘aie Punjab, India- Irrig. Dept. . 1 bound vol. 
Chicago, Ill.-Dept. of Smoke Prevention. Randle, George N. 6 pam. 
3 pam. ~ Rensselaer Polytechnic Inst. 1 pam. 


Southern R. R. Co. Rhode R. bound 


vol. 
of St. Paul, Minn. Royal Philosophical Soc. of Glasgow. 


vol. 
Cleveland Eng. Soc. 1 pam. Louis, Merchants’ Exchan 
Colorado-State Engr. 2 bound vol. pam 7 


Columbus, Ohio-Chf. Engr. of ‘Dept. ‘St. Paul. ‘Minn.-Board of Wat ater Cor ommrs. 


_ Public Service. 1 pam. 1 pam 
Detroit, Mich. -Board Water Comm St. Paul, Minn.- n.-City Comptroller. 
ax hound vol. 

Eastern Bengal and hii Public Works _ Saskatchewan, | Canada- Dept. of “Public 
Dept. 1 pam Works. 1 vol. 
Fitchburg, Mass.-City Engr. 1 i re Snare & Triest Co. 1 bound vol. 4 
My Société Belge des Ingénieurs et des In- 


Club of ‘York city. Soc. of Engrs. 1 pam. 
Soc. of Naval Archts. and Marine Engrs. 


bound vol. 
gre Central Ry. Co. 1 pam. 


ireat North. Ry. Co. 2 Texas-Tax Commr. 1 pam. 
pam. Texas & Pacific Ry. Co. 1 pam. 
Green Bay & Western R. R. Co. 1 pam. Transvaal-Mines Dept. 1 vol. s, 1 
Greene, G. S. 19 bound vol., 24 pam. U. S.-Bureau of Insular Affairs. 1 
Highland Ry. Co. 1 pam. 7 -U. S.-Bureau of Labor. 1 bound vol. 
John Crerar Library. 1 pam. | $.-Bureau of Standards. 
Johnstown, - Board» of Water S.-Chief of Engrs. 2 vo 
Commrs. 1 | §.-Coast and Geodetic 

re & Mich. Southern Ry. Co. . $.-Copyright Office. 4 pam 
"pam. S.-Dept. of Agriculture. 


Leominster, Mass.-Water Board. 1 pam. U. $.-Geol. Survey. 2 


-Maine- Commr. of Highways. 1 bound 5 pam. 
-Geol. Survey- “Technologie B Branch. 
Merchants’ Assoc. of New York. 2 pam. 1 pam. 

Mich. Central R. R. Co. 1 pam. | U. S.-Interstate Sebiieniis Comm. 3 
Michigan Technic. 1 pam. | pound vo. 
National Assoc. of Cott S.-Isthmian Canal Comm. 1 
S.-Office of Library and Naval W 
Bagr. 7 bound vol. Records. 1 pam. 

New Jersey-Commr. of Public Roads. 10. -S. Steel Corporation. 1 pam. 

— bound vol, ‘Univ. of Cal.-Univ. Press. 9 vol. 
New Jersey-! State Board of Healt Univ. of Illinois-Eng. Exper. Station. 

‘New Jersey San. Assoc. 1 pam. _ =. iv. of Vermont : and State te Agri. Coll, 1 
New York City-Board of Estimate ; pam. a 

Apportionment. 1 pam. 
New York City-Mayor. 1 vol. 


Waltham, Mass.- Water Dept. 1 pam 
Winters’ cats. 


llingt 
‘New York State-Public Service Comm Wellington, ‘New Zealand-F Harbour Boar. 


Dist. 2 vol., 1 Western Australia- Geol. Survey. pam. 
Wilgus, William J. 1 bound vo. 
Wis. 


Verein ‘Deutscher _Etsenhiittenleute. 
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ACCESSIONS TO THE [0 THE LIBRARY 


BY PURCHASE 


a ‘Electrical Illuminating Engineering. By W. 
Co. , New York, 1908. 


Design and Construction of Ships. By. John Harvard Biles. Vol. i, 

Calculations and Strength. Charles Griffin & Co., Ltd. ‘London, 1908.” 

» 2a The Railway Locomotive. What It Is and W Phy It Is Ww hat It Is. 
By V aughan Pendred. 


Archibald Constable & Co., Ltd. 1908. q 
of Canada. Prepared under the Direction of James W hite, 


Public Health, Paper rs and Reports Presented at the Thirty-fift 

— Annual Meeting of the American Public Health Association, Atlantic. 

ae City, New Jersey, Sept. 30th, Oct. Ist, 2d, Sa. , 4th, 1907. 7 ‘Vol. XXXII, 
Parts I and IT. ‘olumbus, Ohio, Fred. a. Heer, 1908. 
= 


; Handbuch iiber Triebwagen fur Eisenbahnen. Ton C. Guillery. 
OR, Oldenbourg, Miinchen und Berlin, 1908. a 
Uber den Querschnitt der _Staumauern. Ferd. Platzmann. 
Fortschritte der Ingenieurwissenschaften. sipzig, 


‘Guide to Sanitary Inspections. and 


enl 


. John Wile & Sons, New Y ork; & Hall, 1909. 
High-Tensi 


on Underground Electric Cables: A Pr ractical T reatise for 
sngineers. ‘By Henry F F ‘loy. Ele ‘lectric ‘al Publishing Co.., , New ork, 1909. 


SUMMARY. OF ACCESSIONS 


rom. March ath to April 12th, 1909) 
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MEMBERSHIP—ADDITIONS | 


MEMBERSHIP 


‘(March 10th to April 13th, 1909) 
ALLARD, ‘Tomas THRop. 101 Obispo St., , Havana, ‘Cuba. . Mar. 1909 


Bascom, Harry FRANKLIN. Engr. (Bascom & ( Jun. 5, 1899 
a 603 Allentown Bank Bldg., Al- - Assoc. -M. Sept. 1901 


Nov. 1, 190: 
M. "April 6 6, 190: 


Moines Bridge & 
Mar. 
FALK, Myron “Engr., 30 Church Jun, Feb. 1002 2 
St. (Res. West 53d St), New ‘York _Assoe.M. Oct. ‘ 1905 
City... (mM April: 6, 1909. 


Nov. 7, 1900 


Gavin NELSON... Deputy ‘State Engr. (Jun, 


Assoc. M 
CM. 

oc. M. May 4, 1904 

April: 6, 1909 

May 2, 1899 
Water (Res., 516 West 97th Assoc. M. Feb. 1, 1905 

Mar. 2, 

Cutler Rochester, N.Y April 6, 

1909 
Hawes Lewis, Asst. Engr., Public ¢. Oct. , 1892 
Service Comm., Nassau ‘St. (Res. soc. M. Dec. 
ga (M. April 6, 1909 


2092 Bathgate Ave.), New York City... 
P JOHN GEaRy. Barge Canal “Office, Montezuma, 


FREDERICK Groner. 33 Compan Bldg., Detroit, Mich.. April 6, 1909 
Steers, 


il 6, 1909 
‘Bresting Mgr., Am. ‘Bridge 


Co. of National Bank Bldg., Chi-- 


Howarp Evetern. B Bridge Engr., N N. P. Ry. Co. St. 


Sept. 6, 1882, 


L way. Engr., 82 we 


» 1909 


— 
— 

al 
rf _4 ler al | 
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Oo, Cons. Engrs ), 79 Milk St., Boston, . | 
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MEMBERS: Continued Date of 


‘States Steel Products ‘Export Co. 
St., Room 1320, ‘City... 


05 | ‘April 6, 


Feb. 2, 1909 


002 Mar. 


302 Bu UTZ, WIsHARr. ‘Cons. Schuylkill 
909 Carric K, ROBERT Epwarp. Engr., The Gen. ve 


897, proofing Co., 257 133d St. New York Tun, April 30, 1907 
909 DICKE, IDWARD CHRISTIAN. 1909 Hebert St., § Jun. May 1904 


904 EIN » W ‘ALTER Gorriirs, 264 | Jan. 
“Ave., New York City........ Feb. 2, 1909 
899 ORREST, CHARL ES NEEDHAM Maurer, N. ril 6, 1909 
HaMILt, ALEXANDER SYLVESTER. 426 Jun 28, 1900 
ery St., Jersey City, N. ‘Assoc. M. April 6, 1909 
‘Isams, Jesse WaRreN. Asst. Engr., N. Y. C. & H. R. RR. 
 Co., Room 32, Union | April 6, 1909 
FRANK 6543 Minerva Ave. , Chicago, Ti. Mar. 1909 
Lewis, “ARTHUR | STEPHEN, Sheridan. Ra., Chicago, April 6, 1909 


CaRL BERTRAM. Room 372, South Station, Bos- 


April, 6, 1909 
Mar. 2, 1909 
Jun. Mar. 5, 1901 


5, 1909 
‘Moovy, Joser: PH ELBert. 316 Burke Bldg., Seattle, Wash. . Oct. 7, 


Murpny, Joun JOSEPH. Park Hill Ave, Yonkers, N. Y.. 
NE LSON, RED B BURGESS. 6, 1909 


r, Penn. Lines w. of 
Pitts, > April 6, 1909 


Prex, Myron Hau. P of Civ. “Eng, ial Yang 


Univ., Hsi Ku, ‘Tientsin, 56, 1909 

1909 Tuomas Jerr. :1227 E Washington, 


7 
M. Mar. § 
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‘ME EMBERSHIP—ADDITIONS—CH ANGES| oF 
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SmitH, THOMAS Artuur. P. 0. Box 807, Jacksonville, Fla. “April: 
Epmunp Boyp. 303 Baer ‘Bldg., Reading, 6, 


ouNnG, Lewis MAXWELL. (119 Trenton St., East Boston, 
Mass. 6, 1909 


‘CopwIsE, HENRY ROGERS. ‘Instr. in E ing. , Poly. Inst. 


Brooklyn, Brooklyn, N. and Instr. in | Jun. 2, 1901 im 
ets Field Work and Math., Cooper Union =| Assoe. April 6, 1909 


Schools of Science Art, New York k City. 


-Baryes, Harry EVERETT. Box 118, St Stone Ridge, Ulster Co. 
Curva Auer, W ILLARD TOWNSHEND. Care, . T. &E S. q 
66 Lafayette St. New York City. April 6, 
Diner, Hersert 10 First St., Troy, 1 N. 7 April 6, 
Enensraciien, Frep. _U. Ss. ‘Engr. Office, Miss. Mar. 9 1909 


Mar. 2, 1909 


L, Rosert LeRoy. Caroline St., "Houston, Tex. Oct. 1908 
RosseLL, PAUL FRA RANCIS. 1201 N. ‘lay ton St., W Vilmington, | 
SPOONER, CHARLES WILLETT. 205 New Engineering Bldg., 
Wentworr H, GEORGE LANSING. Gerar Hotel, 123 West 
44th St., New York April 6, 1909 
Herwan Care, A. L. Webster, 82 Wall 
CH HANGES OF ADDRESS 
GRAY, GEORGE EDWARD. 


Cons. E asin ; Care, Dr. M. H. Simons, U.S. Naval 


FRANK Hooker. 72 Westminster Ave., Detroit, Mich, 
ALLAN, Pusor. Pres., Hunter Dist. Water Supply and Sewerage Board; Dist. 
En r., , Neweastle, Hew Australia, 
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AUCHINCLOss, WILLIAM S S. Atlantic Highlands, N. J. _ 
3ALDWIN, GrorGE PorTER. 1523 Real E Estate Trust Bldg. , Philadelphia, Pa. 
Bassett, JOHN BENJAMIN. U. 8. Asst. ‘Engr., 914 Twenty-second St., , Rock 


Island, 
BEARDSLEY, JAMES WALLACE. Cons. Engr - Philippine C Comm., , Manila, Philip- 


Brxey, WILL Corps of Engrs., S.A, 420 Bumiller 
Bidg., Los Angeles, Cal. 
Bota: LER, ALFRED PANCOAST.— Cons. Engr., 149 Broadway, New York City. : 
‘Brown, LeGranp. Ellis St. San Ffancisco, Cal. 
‘CLARK, CHARLES HENRY. _ Engr., M. of W., Cleveland Ry. Co., Cleveland, Ohio. 
ConTRI, SILVIO. Calle del General Prim No. 15, City of Mexico, Mexico. 
Dose, HENRY FREDERICK. Kellogg” Bldg. g., Room 55, ‘Washington, D.C. 
EssELSTYN, Horace Hovey. 296 Vinewood Ave., Detroit, Mich. 
FAUNTLEROY, JAMES DEARING. ‘Civ. ‘Engr., U. S. R. S., North Yakima, Wash. 
FoLWELL, AMoRY PRESCOTT. Editor, Municipal Journal and Engineer, 239 
39th St., New York City. 
Fow er, CHARLES Evan, Pres. and Engr., Int International Contract Co., 
Central Bldg., Seattle, Wash, 
CHARLES. Rector St., New York City. 
¢ RAY , GroRGE Epwarp. C ons. Engr.; ; Care, Dr. M. H. Simons, U. 8. Naval 
om WILLIAM HAL E. Care, Hollis French & & Allen Hubbard, Albany: Bldg., 
, M. & St. P. ‘Ry, .» White 
HER RBERT, Powrs. Apartado 127, Colima, Col., ‘Mexico. 
Hover, HENRY WILSON. (Boller & Hodge, Cons. Engrs.), 149 ‘Broadway, 
Lewis. Asst. Chf. 1 Engr., Nati National ‘Lines es of Mexico (Res. 1. A 
No. 3), of Mexico, Mexico, 


man East. Africa. 
‘an Kine YANG. Engr. -in-Chf., . Yueh Han Ry. Co., Ltd., Canton, China. 
Lr BARON , JOHN FRancis. OM, Sumas Development Co., Ltd., C. 
Elle. Ry. Co. | Bldg., Vancouver, B. C., Canada. 
_Leonarp, ‘JAMES AUGUSTUS. Care, Bangor Ry. & Elec. Co., Veazie, Me. 
Lockwoop, WILLARD Datus. Richmond Hill, N. Y. 
Mc Mgr. , Stone Cafion Consolidated Coal Co., 
| 
ELWwoop. Chairman, State Rivers and Water Supply Comm. 5 
_ Engr. Water ‘Supply Dept., “Melbourne, Victoria, Australia. 
Pavom, WALTER Project Engr., U. S. "Reclamation. 
Klamath: ‘Falls, , Ore. 
RussELt, Ricarp Lorp. Engr., Chas. Cranford; ; Chf. Engr., Bo 
Development Co., 186 Remsen ‘St, ‘Brooklyn, 
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_AGRAMONTE, ALBERT ArrHuR. Care, F vancisco Rishevarne, 871 Venceucia, 


Buenos A Aires, Argentine R epublie. 
Kay. Engr. N. P. Ry. Nimrod, Ment 


_Arwoon, Epwarp FRANKL uN. D Designing Engr., Eastern Concrete Constr. Co 


101 Tremont ‘Bt, Boston | (Res, 131 Ave, 


BEESON, ALEXANDER Conn. NN. 14 Lincoln. Ave., Pa. 
Beroer, Je Joun. Res. Engr., Boston & Albany R. R., Springfield, Me 138. 7 
BURRAGE, Joun _OTIs. 3400 Washington St., San Francisco, , Cal. 
RICHARD WILLIAM Bridge Engr., Key West Extension, Flor id: a 
‘East Coast Ry., Marathon, Fla. 
Ira Mason, JR. 70 St. , New Bedfor d, 
 CHADBOURNE: 5, EDWARD Merriam. ‘Pres., 3 Chadbourne | Co., Engrs. an 
Con trs., 801 Postal Telegraph Bldg., San Francisco, C 
Chass, CHARLES» FRANK. Asst. Engr., Am, Coke & Gas Constr. Co. (Res, 
Kenwood Ave.), Camden, N. J. 
Covin, Donatp Dean. 509 N. Washington Ave., Wichita, Kans. 
CooxKE, FREDERICK HOSMER. ‘The Moraine, Highland Park, Th. 
foomeR, Ross Miter. Care, N. Y. C. & H. R. R. R., 145 Washington Ave., 


RANE, CLARENCE AUSTIN. Cons Park J “New York 
Davis, F RED CARNOT. No. Bennington, 
‘Davis, , Louis. Dist. ‘Supt.,, Lower Yellowstone Project, U. S. Recla- 


Day, EDWARD BLIss. - -~Pres., , Federal Lumber Co., Blaine, Wash, 
“ARTHUR HERBERT. Patterson (Res., 531 West 124th St., New Y ork 

City), NY. 
Frereuson, WILLIAM Hasrines. Prince Rupert, B. C © Canada. 
Squire Earnest. 10 Riley St., Westfield, N.Y. 

Frickstap, WALTER } NETTLETON. 1212 Twelfth Ave., , Oakland, Cal. 


LEON LINCOLN. Asst. Engr. Reclamation Service, Colusa, cal. 
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VAN CLEVE, AARON HOWELL. Gen. Mgr., Cobalt Hydr. Power Co., Ltd., 
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ngr., C., M. & St. P. Ry., St. Maries, Idaho. 


HECKLE, GEORGE Rogers. Brent Bldg. , Pensacola, ‘Fla. 
HELLER, JOHN WALTER. Eng. Contr., Broad St., Newark, N. 
Ilicerns, CHARLES Houcuin. E ngr., F. M. Stillman Co., 15 Exchange PL, 
_ 512 W W wt 156th St., New York City. 
‘Hunt, Loren DWARD. Lecturer Civ. Eng., Univ. of Cala; Civ. Engr., 
Forest Service, U. S. Dept. of Agriculture, Lake St, San Fran- 


cisco, Cal. x 582, Sa 


TAY Cowp DEN. ‘Care, G. in 11 East 24th St., New York 
R Loman. W est 5th St., Oswego, N. 

Javier Diaz. Chi. Engr., “Empresa Hidro-Eléctrica de Apuleo” 

= ACLAY, EpGaR GLEIM. ( ‘are, Am. Constr. Co., Houston, Tex. 

Macy, ELBERT CLYDE. Supt. of Constr., Stone & Webster Eng. Cor - , 418 

White Bldg., Seattle, Wash. 

Haney Joux. O. Box 157, Pa. 


‘Marr, Joun WILLIAM 100 West Lincoln . Ave. , Mount Vernon, ‘Nz 


“Martin, JAMES Care, Indian Office, Bldg.,. Los. 


ARTIN, Watrer IrvING. § South Park Ave., Chicago, Ill. 


MARTINEZ Y REvGIFO, Conrapo EvcENIo. 168 San Miguel St., Havana, Cuba. 
Myers, W ILLIAM MADISO W inchester, Frederick Co., , Va. 
Nimmo, JAMES VALENCE. Care, Canadian Soc. of ee. Engrs., 413 Dor- 
chester St., Montr eal, Canada. 
Homer AUSTIN Asst. Engr., ‘Bureau of Bldgs., Borough of Manhat- 
tan (Res., 29 Hamilton Ter race), New York City. 
Cons. Engr., 431% Second St., Portland, Ore. 
SEKIBA, Snort. Cl hf. eer. Yokogawa Bridge Works Works, Kyobashi, Higashiku, 


‘SHERMAN, EDWARD Designing Engr., Canal Comm., 
| Surron, CHARLES Woop. . Chf. Engr., Hy. drologie C omm. of ‘La Libertad,” 
TAYLOR, NorMAN Atrrep. Engr. in Chg. of Dutchess County, State Engr.’s 
Dept., ‘State Hall, Albany (Res., 36 Cherry St., Poughkeepsie) , ¥.. 


TAYLOR, Rogert WILL aM, JR. Mgr., Luzerne Eng. Co. . 15 East’ Broad St., 
Hazleton, Pa 
TURNER, FRANKLIN PIERCE. © Asst. E ngr., N. & W. Ry.. ., Chillicothe, Ohio. 
Wassner, MicHaEL. Care, Mo. Pac. Ry., St. Louis, Mo. 
Ww MITTED, LEVI RoMULUS. Supt. of Constr., , New Bldg., St. Louis, Mo. 


Worry, JoHN STEPHEN. ‘Reliance Bldg., Kansas City, Mo. 
JOSEPH. _—Engr., Reclamation Service, Glendive, Mont. 
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YEN Te Szecl Ry., ‘Ichang, China 
YOUNG, HENRY AMERMAN. 


YUILLE, Na ATHANIEL ALSTON. 


205 Warburton Ave., Yonkers, N.Y. 
U.S. Asst. Engr., Box 709, Mobile, ie. 


a ASSOCIATE 


Fisk, Wine BUR R CHAPMAN Chureh St., New York City. 


ma 4a. in 
BECKER, RUDOLPH. Conran. Kill Club, Station, N. 
BELZNER, ‘THEODORE be Insp. of Steel, Williamsburgh Bridge, Dept. of Bridges, 


Broadway, 3rooklyn, N.Y (Res, 614 West (135th St., New York 


Burke, ‘Haney. _ Computer , Sanitary Dist. Chieago, 


‘CorTRIGHT, EDWIN 3everly, N 
a 


Corron, Mines PENN NER. Engr. and Gen. Contr., QT Davis Chambers, Van- 


couver, B.C. C Canada, 


‘CunninanaM, Jonn Earn. Beacon Chambers, Boston, Mass. 


DANN, ALEXANDER WILLIAM. Care, Govt. F ‘leet, V ickeburg, Miss. " 


EAMES, Dist. Engr., Ast ‘Dist., Bureau of Public 
Works, Tuguegarao, Cagayan, Philippine Island. 


GotwaLs, JoHN CARL. 


HAMLIN, RALPH. “Chit, D aftaman, , Cu ‘ummings s Str uetural Coner oner rete Co. 
McKees Rocks, Pa. 


‘Hiner, FRAZER CROSWELL. Office of Indian Affairs, of the Interior, 
W ashing ton, D. C. | 
Horson, Epwarp Haroxp. "Asst. Engr., of W ater Supply, New Pal te Paltz, 


JOHNSTON, ANDREW CRAWFORD. 73 Herriman Ave., Jamaica, N. Y. 


Minter, STANLEY ALFRED. Hydr. E ngr. , Azua, Santo Domingo. 
224 Twenty- , Rich. San Francisco, Cal. 
PIERCE, Leon. Culebra, Canal Zone, 
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Ricu, WILDER Engr. Office, Sault Ste. Marie, ‘Mich. 
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BREEN, | , How ARD. = lected Member, April 4th, 1888 ; died February 1 14th, 1909. 
DEANS, CHARLES” HE ‘RBERT. Elected Junior 3d, 1890; “Associate 
Member, 6th, 1896 ; died March 7th, 1909. 
ScHAUB, JULIUS Elected Junior, November 5th, 1884; 
October 6th, 1886; died March 30th, 1909. 
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QURRENT ENGINEERING LITERATURE 
7 MONTHLY LIST OF RECENT ENGINEERING ARTICLES OF 


arch, 9th to Apr il 12th, 


Nore.—T is list is published for the purpose 2 of placing before the 
members of the Society, the titles of current engineering articles 
which can be refer red to in any available engineering library, or can he: 


procured by addressing the publication | directly, the address and price 
being given wherever possible. 


LIST OF PUBI ICATIONS 
In the subjoined list of articles, -refe “rences are given by the number 
prefixed to each journal in this list. 


Journal, Assoc. ‘Bog. 7 31 (28) Journal, Water- 
Milk St., Boston, Mass., Works Assoc., Boston, Mass., $1. 
Proceedings, Engrs. Club (29) Journal, Royal “Society of Arts, 


‘England 


hila., 1317 Spruce St., Phi la- London, England, 15c. 
.. (30) Annales des Travaux Publics 
(3) Journal, Franklin Inst., Philadel- Belgique, Brussels, Belgium. _ 
Pa, 500 (31) ‘Annales de l’Assoc. des Ing. Sortis 
a (4) Journal, | Western Soc. of Engrs., des Ecoles Spéciales de Gand, 
5) Transactions, Can. Soc. émoires et Compte Rendu 


_. Monadnock Bik., Chicago, Ill. Brussels, Belgium. 


School Mines Quarterly, Co- France, Paris, France. 

‘Tumble Univ., New York City, (33) Le Génie Civil. Paris, France. 
(7) Technology Quarterly, Mass. Inst. Paris, France. 
Tech., Boston, Mass., 75c. (35) Nouvelles Annales de la Construc- 
— (8) Stevens Institute Indicator, Stevens _. _ tion, Paris, France. 
Inst... Hoboken, N. J., 50c.  . (37) Revue de Mécanique, Paris, France. 
Engineering "Magazine, New Revue Générale des Chemins de 


(10) Cassier’s New York City, 


Wiley, New York City, 25c. (42) een, an, Inst. | Elec. 
The Engineer (London), Inter- Engrs., New York City, 50c. 
national News Co. New York (43) Annales’ des Ponts et Chaussées, 


"Enginéering News, New York (44) Journal, Military Servic e Institu- 


tion, Governors ‘Island, New 
(14) The Engineering Record, New Yor York 


‘York Harbor, 50c. 
(45) Mines and Minerals, Scranton, Pa., 
City, 15c. -‘Scientific American, ‘New York 
Engineering and Mining Journal, City, 8c. 
New York City, w (47). Mechanical Engineer, “Manchester, 


(17) Electric Railway Journal, New ‘England. 
City, 10c. (48) Ze 
7 = = eitschrift, Verein Deutscher In- | 

(19) “Scientific American ‘Supple t, (49) Zeitschrift fiir Bauwesen, ‘Berlin, 


, 10 Germany. 
(21) — Engineer, London, Many, 
land, 25c. (81) Deutsche Bauzeitung, 
Iron and Coal Trades ‘Review, ‘Lon- 
England, 25c. (52) Rigasche ‘Industrie- -Zeitung, Riga, 
(23) Bulletin, American Iron and Russia. 
Assoc., Philadelphia, Pa. (53) Zeitschrift, Oesterreichischer In- 


24) American Gas Light Journal, New und Architekten Vere, 


( 
(28) American New York ‘Transactions, Am. Soc. New 


26 Electrical (55) ) Transactions, Am. oc. 

Yor ity ran 

(27) World, New New York city, 
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(57) Colliery Guardian, London, En) (78) Beton und Eisen, Vienna, ‘Austria. 

land. (79) Forscherarbeiten, Vienna, Austria. 

(58) Proceedings, Eng. Soc. W. Pa., 803 Tonindustrie Zeitung, Berlin, 

(59) Transactions, Mining Inst. of "Se ot- (81) Zeitschrift fiir 
land, London and Newcastle-_ — Wiesbaden, 

(60) Municipal Engineering, Indian- (82) Dinglers Polytechnisches Journal, 

apolis, Ind., 25c. Berlin, Germany. 
(61) Proceedings, Western Railway Age, New York ‘City, 


Club, 225 Dearborn 
(62) Industrial _Worla, 59 Ninth Proceedings, | Am. Ry. Eng. and M. 


Pittsburg, Pa. W. Assoc., Chicago, Ill. 
(63) Minutes of Proceedings, Inst. C. (86) Engineering- Contracting, Chicago, 
London, England. 10c. 


(64) Power, New York City, 20c. (87) Roadmaster and Foreman, 


(65) Official Proceedings, New York 


10c 
“Railroad Club, N. Y. Bulletin ‘of the International Ry. 
England, 15c. 
(67) Cement and En nee 
Chicago, Ill., (90) Inst. of Naval 
(70) Engineering "Review, New York (91) Transactions, Soc. Naval 
City, 10c. Marine Engrs., New 
(71) Journal, Iron and Steel Inst., Lon- City. 
don, England. (92). Bulletin, Soc. 
(74) Transactions, Inst. of Min. and France Ma _ 
Metal., London, England. (93) Revue de Métallurgie, Paris, 4 
‘Proceedings, Inst. of Mech. Engrs. France, 4 fr. 50. 


_ London, England. _ (94) Boiler Maker, City, 
(76) Brick, Chicago, Ill., 10c. 


(77) Journal, Inst. Elec. “hers, Lon (95) International Marine Engineering, a 
don, England. 


York City, 20c. 
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LIST OF ARTICLES. 
‘Bridge, 


The Sinking of the Piers for the Grand Trunk Pacific Bridge Fort ‘Willam, 
Ontario, Canada.* H. L. Wiley, Jun. Am. Soc. C. E. (54) Vol. 62.  — 

Lift Bridges ; a Discussion.* (58) Feb. 

Secondary Stresses in Framed Structures.* E. W. Pittman. (58) Feb. 

The Largest Concrete Arch ever Built.* (67) Mar. “Sen ne a 

The Widening of Blackfriars Bridge.* (11) Mar. 5. of 

The Stress Sheets and Some Construction Details of a 280-ft. Span Rubble Con- 

crete Arch Bridge at Cleveland, O.* (86) 


Mar. 10. 
Handling Complete Bridge Spans. ” Mar. 12. 


ead 
Comparative Construction and Maintenance Costs of Reinforced Concrete and 


Bridges. Goodrich. read the ‘National Cement 
Users Assoc.) (86) Mar.17. 


Bascule Bridges over the East Canal. 1 Mer. 1:  ... 
Experimental Verification of Arch Formulas.* “Malverd A. Howe. 26. 
Concrete Bridge Specifications. T. H. MacDonald. | (Paper: read before the Iowa 

Cement Users Assoc.) (60) Apr. g. — 
The Atlantic Avenue Bridge Extension, Boston. (14) Apr. 3. 
Erection of Delaware River Bridge at Portland, Pennsylvania.* | (14) Apr. 3. 
The Erection of the Susquehanna River Bridge of the Baltimore & Ohio Railroad. a 


Erection of the Suspended Superstructure of the Manhat an Bridge e, N New York. + 
‘Erection of the Arches of the Mulberry Street Viaduct, Harrisburg. dh (14) Apr. 
‘The: Erection of Girder Bridges.* Frank Ww. ‘Skinner. (14) Serial beginning 
Ponts et Ponts ‘Légers; Note sur Deux ‘Types Particuligrement 
Résistants et Economiques.* Pendaries. (43) Nov. 
Notice sur la Construction du Pont Suspendu de Trellins “prés Vinay (Isére).* 
-Buisson. (43) Nov. 
Viadus en Béton Armé sur la Sitter & Gmiindertobel, prés Teufen (Suisse).* E. 
Emploi d’Aciers Spéciaux dans les Ponts, Application a l’Acier a 


u Nickel.* Alfred 
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Nickelstahl fiir Hisenbriicken. Adolf Seydel. (50) Mar. 
Die Hilfsbriicke beim Bau der Briicke Dresden.* 
The Hydro-Electric Development and Transmission Lines of the Canadian Niagara 
_ Power Company.* A. H. Van Cleve, M. Am. Soc. C. E. (54) Vol. 62, —— 
Practical Considerations in the Selection of Turbo- nein M. Kloss. (77) 


The Testing of Alternators.* Stanley P. Smith. (77) 1) 


The Progress of Electrical Design in Relation to the Reduction Capital | Cost. 
Miles Walker. (77) Feb. 


Some Comparisons of the Electrical Industry in this Cuuntey and / broad. w. 
Mordey. (77) Feb. 


“The Automatic System of Telephony. W. Lee Campbell. Mar. 
Main and Auxiliary Steam Equipment in Waterside Station No. 2 of the ial York 


: The Coefficient of Reflection of Electrical Waves at a “Transition ‘Point. Louis 


"Electrical. 


Cohen. (27) Mar.11,. Louis 
xtending the Limits of Power Transmission.* A. M. — ene of tad 


read before the Inst. of Elec. Eners. ) Mar. i2 
Leeds Electricity Undertaking.* (73) Serial beginning Mar. 
q 


Motor of -Mill, of the Indiana Company. 


Electric Traction G. Cunliffe and R. Cunliffe. 

> - stract of paper read before the of Elec. Engrs.) (73) Mar.19. | 

A Quick Method for Determining Sags and Tensions in Transmission Lines. . HB. J. 

The Manufacture of Calcium Carbide.* 11) Serial beginning Mar. 26. 

Notes on the Cost of Power.* H. G. Stott. 


Directed Wireless Telegraphy.* F. Kiebetz. Abstract from Verhand. d. deutsch. 


Essais d’Hélices au Point Fixé.* Boyer-Guillon. (37) Feb. 
La sans Fil.* (33) Serial beginning Mar. 13. 5 


Torsion Meter for Steam Turbines. * (47) Mar. 5. 
“Hydroplanes” or “Skimmers.”* Sir John I. Thornycroft. (Paper read before Pe 
Motor Yacht Club.) (11) Mar. 12. 
The Car Ferries of the Danish Government. . Axel Holm. (95) Apr. 
Ferry Boats for Kiel Harbor.* (95) Apr. 
Whirling of Shafts.* (95) Aor. 
The Experimental Tank in Paris.* (12) Apr. 2._ 
Schwimmdock oder Trockendock?* D. Thalenhorst. (48) “Mar. 
Mechanical, 
The R6éle of Viscosity in Air Support ofa Moving ai Frank W. Very. (7) 
The Manufacture of Portland Cement.* Wm. M. ‘Kinney. (58). Mar. 
Incrustation and Corrosion, Causes and Prevention in Steam Boilers and Pressure 
Vessels of the Varied Industries.* R. E. M’Namara. (94) —— beginning 
The Riveted Joints of Cylindrical Boilers.* = ‘K. Spencer. 
‘The War-Office Tractor Trials.* (12) Mar. 5; (141) Mar. 5. 
The Section of Fixed Axles for Motor-Cars.* (11) Mar. 5. 
Technical Development of the Berlin Gas-W orks in the Last ‘Deca ide.* 
from Jour. fiir Gasbeleuchtung.) (66) Mar. 9. _ 
The -Methane-Hydrogen Gas Plant Installation at the Bromsgrove Gas- Works.* 
Bird. (Paper read before Gas Mers. Assoc. (66) Mar. 


‘Power Requirements in Rolling Steel, Results of the Investigations of a Special 
German Commission.* (20) 


The Transmission of Power by Ropes.* idiwin av. - (Abstract of paper read 


before the South Wales Inst. of Engrs.) (11) Serial beginning Mar. 12. _ 7 


Piston Packing Rings.* James Andrews. (47) Mar.12. 
Standard Clauses of Contract. (Approved by the Inst. of Gas Engrs. and ‘the Soc. 
of Brit. Gas Industries.) (66) Mar.16. == 
Notes on the Derby Naphthalene Process.* G. F. Mar. 16. 
Power.* E. Lancaster Burne, Assoc. M. Inst. C. BE. (12) beginning 
Mar. 19. 
Continuous Testing of Steam Plants.* James: E. Lea. (Abstract. of paper read 
before the Manchester Assoc. of Eners.) (47) Mar. 19. 
Chains without Transverse Welds.* (12) Serial beginning Mar. 26. 
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Power House of Potomac Electric Co.* L. Johnson. (64) 30. 
The Riveted Joints of Cylindrical Boilers. H. K. Spencer. 
Cooling Towers.* Samuel K. Patteson. (10) Apr. 
The Development of Aerial Navigation. Henry Harrison Suplee. (10) Apr. 
Field and Future of Low-Pressure Steam Turbine. Ira N. Hollis. Apr. 
-Beardmore’s Steel Works at Parkhead, Glasgow.* (11) Serial beginning Apr. 2. | 
The Testing of Files and Tool Steel.* Edward G. Herbert. (Paper Tread before | 
_ the Manchester Assoc. of Engrs. y (47) ' Serial beginning Apr. 2. 
_ Conférences sur l’Aviation. Renard. (92) Serial beginning Jan. 
_Les Progrés de la Construction des Moteurs A Gaz.* R.-E. Mathot. 4 (32) Jan. 
«Stabilité des Aéroplanes; Surface Métacentrique. * ‘Brillouin. “aay Serial begin- 
Propos de Quelques Essais de Poinconnage. Pierre Breuil. (37) Feb. 
Diagramme des Propriétés de la Vapeur Saturée et Surchauffée 
Pressions et Températures.* J. Izart. (37) Feb. 
Appareil les. Collerettes des Tubes de Chaudiéres.* * Moron. 
e 
Les ‘Cordilléres du Nord de l’Argentine, _ Rendues Accessibles par une Vole 
Aérienne du ‘Systéme Bleichert.* J. E. Giraud. | (Abstract from Bul. de la Soc, 
de Min.) (93) Mar. 
Essai de Théorie des Aéroplanes.* P. Lauriol. (33) ¥ Serial beginning Mar. 27. 
Versuche tiber Oberflachenkondensationen, insbesondere fir 
Josse. (48) Serial beginning Feb. 27. 
Neuere Kesselbekohlanlagen.* Oskar Brix. (48) Serial Mar. 6. 


Ausbalanzierte Seilbahnkrane.* W. Lehrmann. Mar. 6. 
Neuerungen auf den Werken der Tennessee Coal, Iron and Railroad Co. in Ensley.* 
Das Schweissen von Blechen auf Schweissstrassen und die Priifung der Schweiss- 
Kiinstlicher Saugzug als Ersatz Gemauerter Fabrikschornsteine. . Franz Carl ion 


Das Sandstrahlgeblaise in der Gussputzerei. Caspary. Serial beginning 
Motoren fiir Luftfahrzeuge.* E. Rumpler. (48) Serial beginning Mar. 
Versuche iiber die Schubelastizitéat und -Festigkeit.* M. Griibler. (48) Mar. 
Die Anordnung der Kaliber fiir c- -Eisen und Hochstegige T- Profile. ‘Schaefer. 


Metallurgical. 


Application of the Microscope the “study of Metals.* ‘Walter Rosenhain. 
Blast Furnace Chargers.* © (22) Mar. 12. — 

Richards Pulsator Jig and Classifier. Frank E. . Shepard. (16) Mar. aa 
-Cyaniding Black Hills ‘‘Blue Ores.”* B. D. O’Brien. (45) Apr. 

- Milling and Cyaniding Practice at El Oro, Mex. * Claude T. Rice. (16) Apr. 8. 

-Hochofen und Elektrischer Ofen. Prof. Neumann. (50) Feb. 
Neuere Mitteilungen iiber das Gayleysche Windtrocknungsverfahren. Oskar Sim- 

mersbach. (50) Feb. 24. 7 
Ueber Riickkiihlwerke.* E. Arnold. (50) Mar. 3. 

Das neue Thomasstahlwerk der Burbacher Hiitte.* F. Schroeder. (48) Mar. 20. 
Zur Kenntniss Festigkeitseigenschaften des Nickelstahles. E. Preuss. (50) 
Batterie des Maures, Artifice iel de Lancement pour Essais de Torpilles Auto- 
-mobiles.* M. Michel-Schmidt. (32) Jan. 
Le Concours de Tracteurs Militaires du War Office a Aldershot (Angleterre). e i 
Mining. 
Method of Driving a Submarine Slope Tunnel.* R. E. and A. R. Chambers. (Ab-- 
stract from Transactions of the Canadian Min. Inst. -) (86) Mar. 10. 
_ Bentley Colliery.* (22) Mar. 12. : 
Ways of Improving Piston and Hammer Drills.* M. Weston. (16) 

Mar. 138. 

's he Method of Pumping and the Cost of Sinking a a Wet Shaft at Tombstone. it a 
Walker. (From Mining and Scientific Press.) (86) Mar. 17. 
The Best Methods of Working Seams of Coal in ‘Measures. 

(57) ‘Serial beginning Mar. 19. 

Sinking in Wet Ground by Injecting Concrete. Lumbois. Abstract from 
Bulletin de la Soc. de l’Industrie Minérale. Mar. 27. 
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} The Mount Morgan Gold and Copper Mine.* - Gerard W. Williams. (16) Mar. 27. 
Tonnage Estimation in Dumps, Open Cuts, Etc.* R. J. Donaldson. "(Abstract of 
j paper read before the Sci. Soc. of Broken Hill.) (16) Mar. 27. oo 
f Skips or Buckets in Sinking Vertical Shafts. _ Charles B. Saner. a (Abstract from 
pens Journal, South African Assoc. of Engrs.) — (16) Mar. 27. 
The Cost of Diamond Drilling for Coal in Sanne, EQ E. WwW hite. 
2T. 
Gravity Planes. A. W. Evans. (45) Apr. 
| 45 he Mount Morgan Mine, Central Queensland. * J. Bowie Wilson. 
-L’Etain dans l’Etat de Pérak.* L. Giraud. (32) Jan. 


Machine d’ Electrique des Charbonnages Elisabeth, a Baulet (Belgique). 


83) ‘Feb. 27. 


quitable Rate- Making by Public Service Companies. 
| ipal. 


Maintenance Commission. (14) 
20 
Machinery for the Maintenance 3 i Jace inc (9) 
Apr. 
“Fails in Cone rete Sidewalks and How To Correct Them.* L. J. Riegler. (13) 
Catenary ‘Trolley Construction. * Oliver S. Lyford, Jr., M. Am. Soc. C. (54) 
Equitable Rate- -Making by Public: Service .e Companies. . Jackson (7) 
Dec. 
Work of the Joint Enginecring Staff of the Wisconsin Tax and Raiiroad Com- 
missions. Wm. Dz. Pence, M. Am. Soc. C. E. Feb. 


The Railway through Mont (From Oesterr ise it.) (88) 

Railway Signalling, Its Defects and Suggestions for Removing Them.* A. Gardiner. 
Hypermetropia and Railways. A. R. Reuss. (From Oesterr. Eisenbahn- Zeit.) 


Zara’s Patent Articulated Axle Boxes’ and ‘Horn Blocks.* G1) Ma 
Zara’s Patent Balanced Regulator.* (21) Mar. 
Smoke Prevention on Locomotives. (94) Mar. 
The Inertia Ergometer of Joseph Doyen and the Resulting Dynamometrical Methods.* 
A, Huberti and J. Doyen. (88) Mar. 
Indicator Tests and Starting Gear of the 2/5 Four- Cylinder Express — Compound 
Locomotives of the Danish State Railway.* O. Busse. (88) Mar. | 
Electric Traction by Simple Alternating Current on European Railways ; Seebach- 
-‘Wettingen Line. H. Marchand-Thiriar. , (88) Mar. 
_ Bodmer’s Balanced Locomotives.* Herbert T. Walker. (12) Mar. 5. 
- Estimated Unit and Total Costs: of Railway —— ‘Eley ation at Wilkes-Barre, Pa. 


| 


(86) Mar. 10. 
‘The ‘Dodora Railway Colombia. (12) Mar 


Locomotive (Abstract of paper before the Canadian 
Ry. Club.) (15) Mar 
Construction of the Virginian Ry.* (18) Mar. 1 13. 
Rolled- Manganese } Steel Rails. Jes. B. ‘Strong, Assoc, Am. Soe. Cc. E. (18) 


Mar. 13. 
“New Interurban Line of the Joplin & Pittsburg Railway Company.* * a7 Mar 13. 
Recent Rail Sections.* (15) Mar. 19. a 
The Carolina, Clinchfield & Ohio Ratiway. George I. Fowler. (15) Mar. 19; 

‘The Western Pacific. P. S. Hildreth. (15) Mar. 19. 
Rail Joints.* (15) Mar. 19. 
The Oregon Electric Railway System.* Mar. 
Ferrotitanium Steel Rails; the Experience of the New York Central Lines, . 


cellent Results secured under the 1908 Specifications.* (20) Mar. 25. © 
 Four- Coupled Ten- Wheel Side- Tank Locomotive; Ballycastle Railway.* 
Recent Train Resistance Formule. + H. Fry. (12) "Serta beginning» 
Mar. 26. 


Indianapolis-Terre Haute Double Track of the Big Four.* nite. Mar. 26. 
Tie Treatment with Crude Oil on the Mexican Central. | | (15) Mar. 26. 


Dugald C. Jackson. (7) 
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The Belt Conveyor in Railway Building. * ©. Kemble Baldwin. Mar. 

7 Mogul Locomotives for the Canton-Hankow Ry.* (18) Mar. 27. a 
Features of Recent Electric Railway Power Station Design.* 47) “Mar. 
The Walschaert Valve Gear.* C. O. Rogers. before the Brother- 

of Locomotive Firemen and Enginemen.) (19) Mar. 27 | 
A Study of the Number and Kind of Machine Tools Required in a Railway Loco- 
motive Machine and Boiler Shop. L. R. Pomeroy. (25) Apr. | 
The Approaching Transfer of the Electrification Problem. (65) Apr. © 
Labor and Time Saving Devices in the Roundhouse, Pitteburgh & Lake Eri 1 
road, McKees Rocks, Pa.* (25) Apr. 
Railway Capital and Values. before the New 
Traffic Club.) (15) Serial beginning Apr. 2. 
Holding Railway Banks with Grass.* L. H. Pammel. = (15) Apr. SS. 
New Interlocking Plant : at W Ma.: ‘Baltimore & Ohio R. RA * (18) Apr. 
The Preservative Treatment of = sey used by Electric Traction Companies.* 
J. M. Nelson. (Paper read before the Central Elec. Ry. Assoc.) (17) Apr. 3. 
‘The Telephone for Train Despatching.* W. E. Harkness. (Abstract of paper read 
befere the St. Louis Ry. Club.) (18) Apr.3 . 
The Rowell-Potter System of Railway Signaling.* Frank C. Perkins. © (19) Apr. 3. 
‘T he Connecticut Company’ s Standards for the Overhead Construc tion of 500-Volt, 
D. C. Railways.* (17) Apr. 3. 
Mechanical and Electrical Practices at Harrisburg, Pa.* (17) 
Report of H. P. Gillette to the Washington R: ilroad Commission on the Valuation | 
of Railways in Washington. . 
Methods and Cost of Tunneling on the Alaska Central Railway. G. ee. Kyle. (Ab- | 
gtract of paper read before the Pacific Northwest Soc. ot -Eners. ) ‘Apr. 7. 
Economical Distribution of Metal in the Splice Bar.* (15) Apr. 9. ; 
Steel Construction in the New York Terminal of the New York Central & ‘Hudson 
River Railroad.* (14) Apr. 10. 

‘Plowing as a Means of Classifying Excavation. (14) Apr. 10. | 
The Chicago, Lake Shore & South Bend Railway.* (17) Apr. 10. 
Calcul Rapide des Terrassements d’aprés le Profil en Long.* Bitsanis. (43) Nov. 

sur un Appareil a ‘Sortir- les Tubes de Chaudiéres de M. -Gallon.*  E. 
Rapport sur un Appareil pour le ‘Sablage des Roues de ‘Locomotives, par M. Lam- 

bert.* E. Sauvage. (92) Feb. _ 
Note sur les Injections de Ciment, Pratiquées dans le Souterrain du Col des 
Montets (Haute-Savoie) sur la Ligne du Fayet a la Frontiére — Suisse.* _ E. 
Note sur les Derniéres Locomotives Puissantes de la Compagnie d’Orléans. * Th. 
Ueber Maschinell Betriebene Gesteinsbohrungen mit Besonderer Beriicksichtigung 
des Stollenvortriebes in den Alpentunnels. * Otto Schueller. (53) be- 
ginning Feb. 26. 
Die Neuen Lokomotiven der ‘Lancashire and Hisenbahn, 
Charles S. Lake, A. M. I. Mech. E. (48) Feb. 27. 


_ The Bowling Green Improvement of the New York Rapid Transit Railroad.* (14) 


‘Brick Paving and Street Railway Track Construction at Champaign, 


_ Fairclo. _ (Abstract of paper read before the Til. Soc. of Engrs. and Surveyors.) 
(13) Mar. 18. 


Progress on the Bridge Loop Subway.* Mar. 27. 
Street Railway Interlocking at Washington. an (15) sch 2. 7 
Reinforcing Metal Poles.* (17) Apr.3. 
Method — Cost of Painting a Large Elevated Railway ‘Structure. (17) Apr. 3. 


a 
De for Subways in n Cheng “(Abstract of to the the city Council. Ly 
Apr. 3; (27) Apr. 1. 


Apparatus il Expedients in the Bacteriological Laboratory.* ' Stephen DeM. Gage. 
Report of the Committee on Fan- Blast Heating (Amer. Mes a Heating and Venti- 7 
Report of the Committee - Tests (Amer. Soc. of Heating and Ventilating Engrs.).* 
Heating and Ventilation of the Hotel Plaza, New York.* (14) Serial beginning 
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Analyses et Bg meng sur les Boues de de Colombes et Remarques sur leur Utilisa- 
tion. E. Damour. (92) Jan. 


‘Structural, 


Cast Reinforced Concrete Piles. Sanford E. Benjamin Fox, Mems. 

__ Bost. Soc. C. E. (Paper read before the Bost. Soc. Civ. Engrs.) (1) Jan. = 

Electrolysis of Reinforced Concrete.* A. S. Langsdort. _ (Paper read before the 
Engrs.’ Club of St. Louis.) (1) Feb. 

Calcium Aluminates; their Effect on Mortars.* Henry s. ‘Spackman. (3) Mar. 


The Strength of Pipes and Cylinders.* (11). Mar. 5. i 


A Comparison of Costs of Concrete Buildings | in Terms of Square Foot of F Floor -— 
- Cubic Foot of Enclosed Space. (86) Mar. 10. 


he Strength and Absorption of Brick and a Comparison | between Different Methods 


of Determining Absorption. James E. Howard. (Abstract of papers | read be- 
the National Brick Mfrs. Assee.) Mar. . 
Properties of the Usual Sections of Timber.* George M. Adams. (Paper read 
before the Transvaal Inst. of Mech. Engrs.) Mar. 12. 
The Extension of Masonic Hall, New York City.* (14) Mar. 13 


Mill Building of Ceme Construction for the Plymouth Cordage 

A. M. Bradford. (13) Mar. 18. 

the Hardness of Metals.* (19) Apr. 3. 

Portland Cement for Use in the Tropics.* Richard K. Meade. e. (13) = Apr. EP 

Reinforced Concrete T-Beam Tables.* J. Norman Jensen. (14) .. 

Note sur une de Calcul des Poutres en Armé. Pigeaud. (43) 

L’Art de la Construction dans les Pays aux Tress Terre.* 

Différentes Méthodes: a'Bssal au Choc sur Barreaux Entatllés.* 
(93) Mar. 


w. 
= 
-Cheminées d’Usines en Béton Armé, Syst8me Monnoyer.* (35) Mar. 
en: Simple pour la Vérification de la Stabilité d’une Vofite et rae 


de sa Forme.* Maurice Astier. (35) Mar. 
Ba Tremblements de Terre; la Catastrophe du Détroit de Messine.* BE. Lemaire. 
(33) Serial beginning Mar. _ 


Eine Probebelastung mit dem Betonpfahl-Griindungssystem “Strauss.”* ¢ Otto Col- 

Die Bruchyersuche mit Plattenbalken der Betonbauunternehmung N. Rella & Neffe, _ 
Wien.* (78) Serial beginning Feb. 23. 
Drehofenhalle der Sichsisch-Béhmischen Portlandzementfabrik A.-G. Tschisch- 

kowitz (Nordbéhmen). (78) Feb. 23.0 
nae Einfluss des Feinmahlens auf die Physikalischen Eigenschaften des Portland- 
 gementes. E. Riisager. (80) Mar. 4. | 
Ueber Umkristallisation und Gel- Bildung beim Erharten des Zements. H. Am-— 


Das Verhalten von Fisenbetonbalken “unter Wiederholter Belastung. 
Cement Age.) (78) Mar. 10. 
Die Eisenbetonkonstruktionen in den Erweiterungsbauten der Papierfabrik Ober- 7 
Jenningen (Wiirttemberg).* H. Schiirch. (78) M 
Fabrikschornsteine aus Eisenbeton.*  B. Nast. Mar. 10. 
Das Verhalten des ‘Zements gegen n Fliissigkeiten und Met Metalle. Dr. -Rohland. 


Water Supply. 


The Hydro-Electric Development Transmission Lines of the Canadian Niagara 
Power Company.* A. H. Van Cleve, M. Am. Soc. C. E. (54) Vol. 62. 
Forests and Reservoirs in their Relation to Stream Flow. with Particular Reference 7 
to Navigable Rivers.* H. M. Chittenden, M. Am. Soc. C. EB. Vol. 
Irrigation; an Informal Discussion.* (54) Vol. 62. 
Curve Resistance ‘Water Pipes. * Ernest Ww. ‘Schoder, Soc. C. 
(54) 62. 
Investigation of the Coefficients of Discharge of ‘Thin- Edged Weirs with ‘Pull 
End Contractions Discharging Water under Low Heads.* Hans von Vitting- 
hoff, Victor von Starzenski and W. Roland Wiley. (8) Jan. i 7 
The Quality of Surface Waters in the North- Central States.* * . Dole. (61) 
Wrought-Iron Cement- Lined Water Pipe. “Leonard Metcalf. (28) 
The Water Supplies of New York State. H. D. Pease. (28) Mar. 
The for Sewage, Gas and Water. Wm. Paul Gerhard. 
Ponds. George Hubbard. (29) Mar. 
The Jhelum River Power Development.* “William T. Taylor. 
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and Cost of Constructing a Concrete Core Wall for Wing Dam. Mar. 
Water-Power Plants in Sweden and Norway. (11) Serial beginning Mar. 12. 
Failure of a Reservoir at Annapolis.® R. A. 


Maryland.* A. E. Walden. (13) Mar. 18. 
A Power Plant for Rice Irrigation. * John W. Maxcy, (14) Mar. 20. 
The Water Works of Rolla, Missouri.* | (14) oe ne 
Proper Treatment of Boiler Feed Water. > & z Boardman. A (64) Me Mar. 23. an 
Tests of Soil for Use in Constructing an Earth Dam for a Water- Works Reservoir, _ 
Baltimore, Md. Emory Sudler. (13) Mar. 25. 
A Reinforced- nee Pressure Sedimentation Tank. a Harold D. Elfreth. (13) Mar. ; 


The Hydro- Electric Plant of the Connecticut River Power Company. > (4) ‘Mar. 
The Chuviscar Dam of the Chihuahua Water-Works.* (14) 7: sae 27. 
Roosevelt Tunnel.* R. L. Herrick. (45) Apr. 
The Undermining of a Reinforced Concrete Dam at Pittsfield, Mass.* * (14) Apr. ; 7 
A Supply for the City of Vancouver, B. C.* H. M. urwell. 
pr 
‘The Construction of the Plant of the Connecticut River © Power Go 


S$. Hewins. (14) Apr. 3. 
Dev 


Constructing a Line of 12% Feet in Diameter. 8. 


7 Construction Work on the Los Angeles Aqueduct.* E. W. Bannister. ( 14) Apr. 3. 
Dam Construction o1 on the Conconully Dam » Washington. . Henny. 
(14) Apr. 


The Design of Intakes for Hydro-Electric Plants.* Jean Bart. Balcomb, _ Assoc. 
Am, Inst. E. E. (13) Apr. 8. 7 


The the Submerged Intake of the Gary, ‘Indiana, “Water- Works. 
The Compressed Plant for the ‘Rondout Siphon. * (14) Apr. 10. 
Note sur la Construction de Trois Barrages-Réservoirs dans la Vallée de VOndaine 


Notes upon Docks and Harbors.* ‘Luther ‘Wagoner, Am. Soe. ©. E. (54) 


Concrete Piles Used in the ‘Terminals at Brunswick, Ga 
Yard Pier at Charleston, Ss. C.* M. M. Cannon, M. Am. Soc. C. _ (Paper 
before the Bost. Soc. Civ. Engrs.) (1) Jan. 
Caving Banks. B. M. before Eng. Soe.) (1) 
The Water Hyacinth * Klorer. (Paper read the Louisiana 
ng. Soc.) (1) Jan. 
the Upper Mississipp! River.* . McD. ‘Townsend, M. W. S. E. 
(4) Feb. 
High Tides of the Bay of Fundy. * J. wW. ‘Ridpath. Mar. 
Barriers to International Trade; a Study of the Problems at the Ports” of Liverpool 
and New York.* Lewis M. Haupt. (10) Serial beginning Apr. | 
‘Concerning the Gatun Dam and Earth Dams in General.* (13) Apr. 1. 
The Black Rock Lock Cofferdam.* (14) Apr. 3. 
A Large Concrete Retaining Wall.* (14) Apr. 3. 
Progress on the Improvement of the Detroit River.* (14) Apr r. 3. 
The Improvement of the Southwest Pass at the Mouth of the Mississippi ‘River. ° 
Construction Work on the New York State Barge Canal. + (14) he x. 
- Building a Sea Wall on a Sloping Rock Bottom.* (14) Apr. 10. 
Les Dragages de l’Escaut. C. J. Van Mierlo. (31) 1908, Pt. 4. en en 
Canal de Berry; Réparation du Pont-Canal de la Tranchasse.* Barrat. (43) Nov. 
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AMERICAN SOCIETY OF CIVIL ENGINEERS — 


PROCEEDINGS 


This Society is not responsible, as a body, for the facts and opinions advanced 


in any of its publications. 


SOCIETY AFFAIRS 
CONTENTS 
Of he “April 2ist, and May 5th, 1909... 


Of the Board of Gwestion, May 4th, 


Privileges of Engineering Societies Extended to &§ 

Searches in the Library.. 
Accessions to the Library: 
3. We 
cival Apr ril 21st, 1909.— The meeting was called to order at 8.30 PL 
Owen, Am. Soe. E., in the chair; Chas. Warren Hunt, 

og Secretary ; : and present, also, 108 members and 53 guests. a 
A paper by C. S. Bissell, M. Am. Soe. C. E., entitled “The Maxi- 
mum W eights of Slow Freight Trains,” > was” presented by the 
aware 
7 “Secretary, who ‘also read a communication on the subject from Mr. 
erber. L.A. Riley, 2d. 
paper by W. W. Crosby, M. Am. Soc. Cc entitled “Sampittic: 

“a Surfacing,” was presented by the author and discussed orally by 

— 


Messrs. _A. H. Blanchard, Francis Smith, Philip P. P. Sharples, 
W. Clark, J. W. Howard, and the author. Written communications 
on the subject from Messrs. L. W. Page and Prevost Hubbard were = 
W. W. Crosby, M. Am. Soc. c E., offered the following resolution: - cus 
“Resolved: That the Board of Direction of the American Society 


= 
= 
> 
| 
® 
36 


oF 
of Civil Engineers be requested to : appoint | a Special Committee to 


Report on Bituminous Materials for Road Construction, , and on 


Standards for Their Test and Use” 


Resolution, being duly seconded, was ed a vote of more 


‘The Secretary the followi ing 
Lewis FREDERICK Rice, elected Member January died 


April Bh, 1909, 
August Mayer, Member June Ist 1892 dle 


djourned. 
May 5th, 1909. 9.—The me eting was alled to order at 8 


President Onward Bates in the « chair; Chas. Warren on 
and present, also, 182 members and | guests. 
‘The minutes of | the meetings of March 17th and April Tth, 1909, 
_were approved as printed in the Proceedings for April, 1909. 
The Secretary announced that in accordance with the Resolution 
adopted by the Society at its meeting on April 21st, 1 1909, the Board - 
of Direction, at its” regular May 4th, 1909 had appointed 
the following Special Committee to Report Bituminous Materials 
Road Construction, and on Standards for Their Test and 
Messrs. W. W. | Crosby, A. W. Dean, Bishop, and 
A paper by Myron S. Falk, M. Am. Soe. oO. gE. entitled “A System 
of Cost Keeping,” was presented by the author and discussed or ally y by 
“Messrs. William M. Black, Robert B. Stanton, T. Kennard Thomson, 
Willard D. Lockwood, William n B. Reed, and Guy W. Culgin oa 
Written. communications on the subject from Messrs. P. L. Reed, 
W. ©. Hammatt, and Emile Low, were read by the Secretary. 
paper by W. Birch- Nord, ‘Assoc. M. Am. Soc. C. E. 4 
“The Design of Elevated Tanks 2 and Stand- Pipes,” was 
by the | Secretary, who also read communications on the Subject from 
Messrs. Charles B. ‘Burdick, and O. E. Selby. T he paper w was dis- 
—_ orally by Messrs. William M. Black, and James M. Porter. 
The Secretary announced the bap wed the 
by the Board of Direction on April 6th, 


ASM 


JoHN Berry, Chicago, ml. 
Oscar Sipney Bowen, Spokane, Wash. 
CaLp’ DWELL, ‘Tampa, Fla. 


Kirrrepce Ono: are, Cooperstown, 
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Ta HoMAS CurTIS Cuarke, New York City. 
‘Cranes LEo CRANDALL, Galveston, Tex. 
“Harry Hawcoop, Los Angeles, Cal. 


Ropyey Parrerson, Chicago, Til. 
Henry Oris Ponp, Tenafly, N. Je 
WALTER Justin SuerMan, Toledo, Ohio. 
Wu. LIS RoBINsoNn T ENNEY, Brooklyn, N. Y. 


DERICKSON VINCENT, Yuma, Ariz. 


‘Associate MremMBers. 
~Joun Howarp Axe XANDER, St. Louis, Mo. 


Watrer CHARNLEY, Rio Grande do Sul, Bri wil. 


Frank Lemur, P, -Cornwall-on- “Hudson, N. 
SE BASTIAN AY, Portland, (Ore. 


/HESTE ren Cawtionse Dt De Richmond. Hill, 


ARCHIBAL Marvine rt, Twin Falls, Id: tho. 


Srewart GREENE, New N. J. 
Russe_t Trropore Harrys 
SYLVESTER Hagens TON, Wik. 


Lars Rasmu JORGENSEN, San Francisco, Cal. 
Atrrep Broucuron: Leavenworth, Kans. 


3ERTRAND LIFFORD > M ARTIN, W atertown, 


As 


Joun Hays, Visalia, Cal. 


Frank Maynew Glen Ridge, N. J. 


JUNIORS. 


| 
Cuester Danie, ASHBROOK, Seattle, Wa: sh. 


Harry BERGMAN, New York City. 

Ly YMAN BisHop, Denver, Colo. 

Myron CaRLos Burr, V ancouver, Canada. 
STANLEY GARDNER Curie ER, Manila, Philippine Islands. 


FRANK Jd Joun | FELGENHAUER, Brooklyn, N.Y. 
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MINUTES | OF ‘MEETINGS 


New York City. 
ANDREW. ‘Bake Lake, T ex. 
Hanvey Sims, Savannah, Ga. 
son W. Macon, 


The Secret tary announced the transfer of the following candidates 


by the Board of ‘Direction on May 4th, 1909: 
From AssociaTE. rk TO MEMBER. 
Asrorpsy Baltimore, Md. 


-Artuur Horace B LANCHARD, Providence, R. Lk. 


CLARENCE. Austin Crave, New Y ork City. a 


F RANK ‘TEN NEY Darrow, Lincoln, Nebr. 
LEONARD ‘Hen wry Davis Is, Sault Ste. “Marie, Ont., — 

Frank Lawton German, Havana, Cuba. 


Tuomas Parerson, Beaufort, 
SamureL Payson Watpron, East Orange, N. J. 
Junior to Associate Mem 


Wi ILLIAM Burron, Detroit, Mich. 


W ILLIAM Hae Spok kane, Ww ash. 
Joun Piocstep, New Y ork City. 
W ILLIAM Purves Taylor, Philadelpbis, Pa. 


The The See retary announce the followi ing aths: 
Lorenzo Barser, elected Fellow March 19th, 1886; died April” 


18th, 1909. 
Joun Arnot ww U lected Associa’ ate 1905; “died 
April 23d, 1909. 


M Mou. ton, elected d Member June 4th, 1884; dic died 27th, 


rne ed. 
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MINUTES OF 


THE BOARD OF oN 


— 
May 4th, 1909.—President Bates in the < chair; - Chas. Warren Hunt, 
"Secretary; and present, also, Messrs. Andrews 13, Christie, Churchill, 


Horton, Kittredge, Macdonald, Noble, Pegram 
Ballots for Membership were and 14 Members, 20 Asso- 
ciate Members, 2 Associates, and 13 Juniors were elected, and 4 Juniors — = 7 
‘were transferred to the grade of Associate Member. 
Eight Associ iate Members transferred the grade of 


Member, 


The resolution w: as adopted: 


“Resolved, a Special ommittee be appointed to Report on 
i= Bituminous Materials for Road Construction, and on Standards | for 
their Test and Use, to consist of Messrs. W. W. ‘Dade, A.W. Dean, 
Bishop, and A. H. Blanchard: this: Committee added to 
the Board deems it necessary.” 
— rted the co 


The Secretar ry  reporte 


completion of the n 
stacks for the Library. 


Applications were considered and other routine transacted. 


* See page 232 for resolution adopted by the Society. a 
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The House of the from M. to 10° P. M. 


follows: “Tests of Built. Steel ‘and Wrought-I Tron 
Compression Pieces,” by Arthur N. Talbot, M. Am. Soe. C. -E., and 
Herbert Moore, and Disease and Its Prevention, by 
These papers were violated i in for April, 1909. 
September Ist, -1909.—8.30 P. M. —At this meeting papers” will 


be presented for discussion, as follows: _“Conerete Piles,” by Howard 


J. Cole, M. Am. Soe. E., and “Hydro-Electric te Canada,” 
by Cecil B. Smith, M. Am. Soc. C. E. 


~ These p papers are printed i in ‘this 1 number of Proceedings. 


ANNUAL 


‘The Forty- first Annual ‘Conven ention of the Society will be held at 
the Mount W ashington Hotel, Bretton oods, N 


to July 9th, inclusive. 


COMMITTEE OF THE BOARD OF DIRECTION 


W. Tittson, Cuas. Warren Hunr. 


8. ‘TINKHAM, 


H. D. Woops. “a 


‘It is hoped that members and others who take part in the dis- 
cussion of the papers presented will revise their remarks promptly, — 
and that all written communications from those cannot attend 
the meetings will be sent in at the earliest possible date after the issue 


in ‘Proceedings. The issue » of volumes of Transactions is 
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— 
will be issued about June 1st — 
a tation, and further details of the programme. 

e to transportation, and further details 
— PAPERS AND DISCUSSIONS 


Affairs.) NOUN CEMENTS 
dependent on the ao of discussions, and the co- operation of the 
_——— will now be more necessary in this matter than heretofore, | 
because four volumes are to be issued during the year, instead of two, 
and, to accomplish this, a definite date of issue for each has been 
est tablished. It is expected that the second V volume of 1909 will be 
issued on June 30th, and the third and fourth on September 30th and 


All pa papers accepted by the Publication Committee are classified 


by the Committee > with re respect to t their availability for discussion at. 


meetings, 


Papers, which, from their general nature, appear to be of a charac- 
suitable for oral discussion, will | be published as” heretofore 


and 


by 


will Proceedings, and set down for presentation to | a future e meeting of the 
vard Society , and, on these, or: oral discussion, as well as written communica- _ 
da.” tions, will be solicited. 
All 1 papers which do not come under this heading, that is to say, 


those which, from their mathematical | or technical nature, in the 
opinion of the Committee, are not adapted to — discussion, will not 
be scheduled for presentation. to any meeting. Such p papers" rs will be 
published in the same which are 


ov 


be presented at meetings, but written discussions, only, will be re- 
ques sted for subsequent publication in Proceedings and with the paper 7 


in the volumes of Transactions. 


EXTENDED TO MEMBERS OF THE 


AMERICAN, SOCIETY OF CIVIL ENGINEERS 


Z Members the . American Society of Civil Engineers w ill be w el- 
comed by the followi ing Engineering Societies, both to the of 


Reading Rooms and at all Meetings: 
American Institute of ‘Mining: Engineers, 29 29 Ww est t Thirty -ninth © 
Street, New York City, 
Associacao dos Engenheiros ( Civis Portuguezes, Lisbon, Portugal. 
orma- Australasian Institute of Mining Engineers, ‘Victoria, 


Boston Society of Civil Engineers, 715 Boston, 


ma 


‘Brooklyn Engineers’ Club, 197 Montague Brooklyn, 


= Civil Street, ‘West, 
Mon tres 


attend ‘Cleveland Engineering "Society, 71 718 Building, Cleveland, 
ions Cleveland Institute of Engineers, Middlesbrough, England. 
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Colorado . Association Am. m. Soc. H. Burt, | 
Secy., 235 Equitable Building, Denver, Colo. 
4 Engineers’ and Architects’ Club of Louisville, Ky., 303 Norton. 
4 Building, Fourth and Jefferson Streets, Louisville, ‘Ky. 


Engineers’ Club of Central Pennsylvania, Comer ‘Second 
Walnut Streets, Harrisburg, Pa. « 
ee ngineers’ Club of Minneapolis, 17 South Sixth Street, Minneapolis, — 
oo Club of Philadelphia, | 1317 Spruce Street , Philadelphia, Pa. 4 


Club of St. Olive Street, St. Louis, Mo. 


Engineers’ Society of Western Pennsylvania, 803 Fulton Building, 


Institute of Marine Engineers, 58 4, Stratford, Lon- 


_ Institution of Naval , 5 Adelphi Terrace, ‘London, + 
England. 


Junior Institution of 39 Victoria Street, Ww estminster, 


‘Koninklijk inetitant vi van Ingentears, The Hague, The Netherlands. 
‘Louisiana Engineering ‘Society, 604 ewcomb Building, 


“North of England Institute of Mining and Mechanical Engineers, y 


Oesterreichischer Ingenieur- und 
bachgasse 9, Vienna, Austr ia. 


‘Pacific Northwest Society of Engineers, 617 “618 Pioneer Building. 


Rochester Engineering Society, Rochester, N. y. 


Sociedad Colombiana de Ingenieros, Bogota, Colombia. 


Civils de e France, 19 Rue Blanche, Paris. 
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Midland Institute of ‘Mining, Civil and Engineers, 

Bat 
— 
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— 
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Street, West estminster, | 


England. 


Svenska Teknologforeni 
_Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, 
| Western ‘Society of Engineers, 1737 Monadnock Block, Chicago, Tl. 


SEARCHES IN THE LIBRARY | 


January, 1902, the > Secretary was authorized to make searches 

in the Library, 1 upon request, and to _ charge therefor - the actual cost to 
red. Since, that time many 


The resulting satisfaction, to the have ‘use 2 of 


que aa es little that, if it we were generally to the 
membership tha such work would be undertaken, many would | av ail 
themselves of it. 
The cost is trifling compared with the v ralue o of the time of san 

_ engineer who looks up such matters himself, and the work can a 


performed quite as well, and much more : quickly, by pers rsons familiar 


In: asking that such work be undertaken, members: should specify 
clearly the su subject to be cov ered, and whether references to general 
books only ¢ are desired, or whether a complete bibliography, involving 
search through periodical literature, i is desired. 

In reference to this w rork, the Appendix* to the Annu 
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ACCESSIONS TO THE ‘LIBRARY 


(From April 13th to May 10th, 1909) 


_DONATIONS* 


4 SANITATION N AND SANITARY ENGINEERING. 


By Wm. Paul Gerhard. _ Second Revised and Enlarged Edition of 
“Sanitary Engineering Cloth, 74 x5 in., 6 175 pp. New York, 
The Author, 1909. 50 net. 


in this edition - “Sanitary Engineering” the title has been changed to “Sani- 
tation and Sanitary Engineering,” and the work enlarged by additional matter 
+ more than twice its original size. _ After defining the term, sanitary engineering, 
the author describes briefly the course of study and special training necessary to. 
the practice of this branch of the profession, including the courses given at the 
Massachusetts Institute of Technology and Cornell and Columbia Universities. This 
is followed by a general and condensed review of the various kinds of work and 
_ problems with which the sanitary engineer has to deal. The Contents are: Sanitary a 
_ Engineering—The Profession and Its Practice; The Work of the Sanitary — 
. . &# Time of Epidemics, in Time of War, and in Sudden Calamities in Civic Life; A 


Half Century of Sanitation (1850- 1900) ; ; Sanitation in Greater New York: Sanita- 


tion in Russia; Reference to Other Works of the Author Dealing More— in Detail 
With Problems of Sanitary Engineering. 
_ BEITRAG ZUR BERECHNUNG UND AUSFUHRUNG DER STAUMAUERN. 


Von Franz Kreuter. Cloth, 84 x 53 in., illus.; 54 aon inche 


nenen 
und Berlin, R. Oldenbourg, 1909. 2 marks, 40° -pfennig wee 
The author, in his prefatory remarks, states ‘iat this work constitutes an 
‘abstract of his lectures at the Miinich Technische Hochschule, and is the result of 
many years’ work. Other investigators have pointed out the defects in the old 

methods of calculating masonry dams, he says, but have put forward no new 
method, while he has fulfilled the new demands and found ¥ solution of the problem _ 
which he offers to the profession. He claims, also, that while the present work is 
more complete and more accurate than his former treatise on the same subject, it 
is, at the same time, simpler and more comprehensive. The Contents are: Prak- 


tische ‘Vorbedingungen; Theoretische ‘Vorbedingungen; Entw icklung der 
mungsgleichungen ; Anwendung; Schlussbemerkungen. 

HANDBOOK OF TIMBER PRESERVATION. re 


Samuel Rowe, M. Am. C. E. Souv enir- 
vised. _ Leather, 6 x4 in., illus., 402 pp. Chicago, Petti 
Co., 1909. (Presented by the Author.) 


‘This edition , which the author states in a “valedictory to be the last, 
enlarged by about seventy-five pages of new matter, the first part being practically 
unchanged. The additional matter includes tables on absorbent properties of timber, 
reprints of letters to the Engineering News, several pages on fungus culture, with 
_ plans for culture room, records of tie renewals, notes on the open-tank method of. 
treatment, etc. 


MINING METHODS IN EUROPE. 
Written After a a Visit to Many | the Metal of 


Great Britain, F ranee and Germany. By Lucius W. Mayer. Cloth. 
94 x 6 illus., + 169 7 pp. . New and London, Hill Publishing» 


Company, 1909. $2.50 net. 


wae This volume Gescribes what the author characterizes as — more or less dis- 
tinct and often extraordinary systems of mining practised in various countries of 
_ Europe. The preface speaks of the scarcity of mining literature, especially on the 
} subject of the method of underground attack, and states that this work is intended 


to help fill this lack, this feature, in every case, being explained in detail. In 
Part I, Mining in Great Britain, the chapter headings are: Mining in Great 


=— *Unless otherwise specified, books in this list have 


been donated by 
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ACCESS SIONS TO THE LIBRARY 


Britain ; Parkside Mine, Cumberland ; Creator Moor Mine, Cumberland; Ullcoat 
Mine, Cumberland; Hodbarrow Mine, Cumberland; Longwall Methods of Mining 
Flat Seams; Seaton- Delaval Colliery, ” Northumberland ; Chopwell Colliery, North- 
 umberland ; Kimblesworth Colliery, Northumberland; Watnall Colliery, Midland 
ot Coal Mining in South Staffordshire ; Spawood Mine, Yorkshire; Park Pit, 
Yorkshire; Oakley Slate Quarries, North Wales. In Part Ii, Mining in Germany, 
France and Other Countries, the chapter headings are: Lead Mining in Mechernich, — 
Prussia; The Flushing System; Coal Mining in Silesia; Flushing System at Gute 
_ Hoffnung Mine, Germany ; Ilsede Hiitte Mine, Peine, Germany ; Coal Mines of Car- 
France; Notes on Mining, Timbering, ‘and Lighting. 


TRIGONOMETRISCHE LANGENBESTIMMUNG 7 


Von A. Tichy. - Paper, 11 x 73 in, illus., 6 7 pp. . Wi ien, n, Der 


Oesterreichische Ingenieure-und Architekte-V erein, 1909. 


RAILROAD STRUCTURES AND ESTIMATES. 


By J. W. Orrock. ~ Cloth, 9x6 in., illus., 6 + 270 pp. New Yo “— 
Wiley & Sons; London, Chapman & Hall, Limited, 1909. $8 net. 


The intention r this work, as set forth in the preface, is to one in a brief 
and concise form the numerous subjects which enter into the engineer’s estimates — 
of railroad building, for the purpose of ready reference as to general construction — 
and cost, on a business rather than on a technical basis. It is also stated that 
data to suit all conditions being impossible, the weights, quantities, and costs are 
given in detail in most instances. In many of the tables blank spaces are left | 
for the addition by the user of the work of his own prices and records. The 
Contents are: Track Material; Fences, Gates, Sign Posts, Road Crossings and 
Guards; Culverts; Bridges; Buildings; Water Stations; Shops; Specifications and © 
Contracts ; Estimating Notes ; Index. an cas 


Gifts have also been receiv ved from the follow! ing: 
‘Allen, F. 17 Lawrence, Mass. -Water Board. pam. 
‘Am. Electrochemical Soc. 1 vol. Lea, Samuel H. 1 pam. 
Iron and Steel Assoc. 1 ‘pam ‘Lehigh Univ. 1 pam 
Min. Congress. 1 vol. "Little Falls, N. Y.-Board 
. Ry. Eng. and M. of W. Assoc. Works. 1 pam. 
‘Long Island R. R. Co. 1 pam. 
Soc. of Municipal Impyts. | s pouna Hong Js! & North- ‘Eastern R. 


Max. i pam “_ -Board of Gas Elec. 
Bengal, India-Irrig. Dept. 7 1 bound vol. Commrs. 1 vol. 
Black, W 18 bound vol., 1 vol., Mass.- Board Met. Park ‘Commrs. 
-Public Works Dept. Mass.-Board of R. R. Commrs. bound 
‘Brooklyn, N. Y. -Borough President. 2 Mayne, Charles. 4 vol. ’ 
mee Medford, Mass. - W 
California-State Harbor Commrs. i ~ Commrs. 1 pam 
; Merchants’ Assoc. of New York. 
~Canada-Board of Ry. Commrs. 
_Canada- -Dept. of 
hound vol. 
 Canada- Geol. Survey. 4 


Bandy, James M. 2 pam. Marth, Kingsley L. 1 bound 


Louis Ry. Co. 1 pam. of R. 
Concord, N. H.-Board of W ater. bound vol., 1 pam. 
1 pam. New York State- Commr. of Excise. 
Copper Range. ‘Consolidated co, 1 ‘pam. 
Delaware & Co. pam. New Y ork State- Museum. bound vol. 
Delaware Coll. pam. New | York State- Public Serv ice Comm., 
Doane, F. W. pam. 1 pam. 
Ericson . John. 8 bound vol. 
Grand Rapids & Indiana Ry. Co. 7 1 pam. 
creme Consolidated Copper Co. 2 pam. 
irover, O. L. 1 pam. 
Harvard Univ. 1 vol. 
Houston, A. C. 5 pam. 
Ill.-State Geol. Survey. 4 bound vol. Ontario, Canada- of 
Iowa Street and Interurban in Ry. Assoc. 


3 bound ail Orr, Alexander. 1 pam. 
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Pacific Northwest Soc. ot ‘Engrs. bound U. -Bureau of Insular A Affairs. rs. 2 bound 


“Pennsylvania R.R. Co. 1 U. §.-Bureau of Statistics. 1 bound vol. 
Baltimore R. U. § -Bureau of the Census. 1 bound 
ee. Inst. Free Library. 1. pam. U. S.-Coast and Geodetic Survey. 3 pam. — 
‘Purdue Univ. Library. 4 vol., 2 pam. U. §.-Geol. Survey. 10 pam. ~~ 
Rose Polytechnic Inst. 1 pam. U. -Interstate Commerce Comm. 
Shipp, Thomas R. 1 bound vol. | _bound 2 pam. 
Société des Ingénieurs Civils de France. Lake Survey Office. 1 pam. 
1 pam. §.-Ordnance Office. 1 pam. 
of Engrs. bound S.-Weather Bureau. 1 pam. 
_ Architects of Ill.- — Exper. Station. 
2 Weaver, William D. bound vol. 
pan. © West Jersey & Seashore R. R. Co., 1 pam. 
Syra racuse Univ. Wilmi Del. - Board = Water 


Taunton, Mass.- Water Commrs. on | Commrs. 2 pam. 
Thomas, Edwin H. 1 pam. ‘Woonsocket, I.-Water Commrs. 
Tribus. L. L. 1 bound vol. © pa eee 


U. S.-Bureau of Chemistry. - Ziffer, E. A. 1 pam 


PURCHASE 
de Peete | Professé Ecole Nationale des Ponts 
Chausées. Par Jean Résal. Tome des” Travaux 
u le ver. 
Handbuch der Ingenieurwissenschaften. Vol. 3, 
-Baumaschinen. Von F. ‘Linke. Zweite vermehrte . Auflage. 
Disposal of Liquid Refuse Sixth Report of the 
Commissioners Appointed to Inquire Report What Methods of 
oe _ Treating and Disposing of Sewage (Including any Liquid f from any 
Factor y or Manufacturing Process) May Properly be Adopted. — 
* : |. Sam Diego, a Comprehensive Plan for Its Improvement. By John 
Nolen. Geo. H. Ellis Co., Boston, 1908. 
_, The Gas Engine. | ‘By Forrest R. . Jones. John Wiley & Sons, New 


York; Chapman Hall, Ltd. ., London, 909. 


= La Forme du L Lit des Rividres a Fond Mobile. 
Par L. Fargue. Encyclopédie des aux Gauthier- Villars, 


ANE Elementary ry Manual of Radiotelephony for 
‘Students and Operators. A. Fleming. Longmans, Green & Co., 


From April 13th to May 10th, 309), 


Donations (including 18 duplicates). ..... 
had 
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MEMBERSH IP 


ADDITIONS 
(April 14th to May 11th, 1909) 
Pp 
ANDER: , Pops. 7 Pres., Ferro-Concrete Constr. 
Harriet Sts. , incinnati, Ohio... ‘April 6. 6, 1909 


Assoc. M. Nov. 6, 


BLANCHARD, ARTHUR HORACE. Assoc. Prof. of 
Civ. Eng., Brown Univ.; Deputy Engr. , | Jun, Jan. 
‘State Board of Public Roads of Rhode le < Assoc. M. “April: 5, 1905 


Island, Side Station, Providence, | M. 


of 


onts 


HOATE, JOSEPH KITTREDGE. ‘ooperstow! n, N N 


CLARKE, THOMAS. Curtis. ¢ Care, Lackawanna Steel Coy 


CRANDALL, Leo. Sec Bldg., G 


CRANE, CLARENCE AUSTIN. Civ. and Cons. Engr. M. 5, 1902 
(21 Park Row, New York City.......... ( M. May 4, 1909 


_GRANBERY, HASTINGS. Broad St., 
Assoc. M. Sept. 2 

April 6, 1909 


HAMMOND, CHARLES ADRIAN. 301 South 4th Ave., Mt. Ver- 


HOWELL, PreRce. Maj. , Corps of Engrs., 
S. Engr. Office, Manila, P hilippine ‘Feb eb. 1909 
New JARRETT, EpwIN SETON. The ‘Foundation Co., Assoe.M. May 1, 1895 
115 Broadway, New York City........ April 6, 1909 
obile. Mires, Joun Winey. Care, American Club, Assoc.M. Oct. 2, 1901 
illars, of Mexico, D. F., Mexico..........) Me April: 6, 1909. 
Morse, W ILLIAM PreNTISS. City Hall, West Newton, Mass. 4, 1909 


‘Harry Tuomas. Junior Civ. Engr., Assoc. M. Feb. 3, 1904 
. S. Engr. Office, Beaufort, N. May 4, 
WELcoME. Asst. Engr., Board of Water 


Supply, New City, 24 Sum mit hite 
4 -PERRINE, Grorce. 820 West End Ave. April 1909 


Ponp, Henry Oris. Tenafly, N. J... 1909 


RITTENHOUSE, WALTER BRITTON. 430° College Ave., ‘Canon 


ROBINSON, Erpis GEROSKA. Secy. .Treas., W. Robinson & 


Co., 515 West First Ave., Columbus, Ohio......_ 
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W. ALTER W TLL IAM. 


SHERMAN, wa ALTER Justix. 613 Nasby Bldg., Toledo, Ohio. 
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ASSOCIATE MEMBERS 
‘ 


r- 


ALEXANDER, JOHN HOWARD. 


ARN, Ww ILLIAM. Goprrey. Asst. Engr., 4 Jun. Oct. 


Central R. R., Corinth, M Miss........ Assoe. M. April 6, 1909 
897 Amity St, 
Jun. April 4, 1905 
M. April 6, 1909 
JAMES W ILLIAM, St., Burlington, 
_ Furrow, FeLper. Caixa 304, Manaos, Brasil... 
GREEN, James Cowan. 68 N. Allen St., Albany, } N. Y 
Stewart. 284 Redmond St., New Bruns- 


Jouxs, Rerxors, G. White Co.. 43. 
KIRKPATRICK, Hantow BARTON Bureau of Public Works, 
Ma Mate COLM, CHARLES WESLEY. Asst. rot. ot ¢ § Jun. Sept. 4, 1906 
"Assoc. M. 6, 1909 
W. Illinois St. U g™ 
Pickwick, Epw1n Jos. Bldg., Schenectady, N. Y... Jan, 5, 1909 
PITKETHLY, Davip THOMAS. 330 Etna St., Brooklyn, N.Y.. 1909 
PLOGSTED, WALTER JOHN. Res. Engr., Gen, Ry. 


S fth Ave., New York tun, Oct. 
Signal Co. 527 th J ve., ew Yor M. | 


‘REIMER, FREDERIC Avan. City Engr., 


Apr ril 6, 1909 
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| 
May 4, 1909 
June 6, 1906 
- Ave., K oom 12, Municipal Bldg., 101 
Brooklyn, N. Y....... 
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TAYLOR, W ILLIAM ‘Purves. Engr. in Chg. of (Ju 
Philadelphia Municipal Testing Labora- 
_ tories, 818 y Hall, Pa. 


: 
TURNER, 


Gare uragua Tron 


W EILAND, ADELBERT ALONZO. 17 Block §, S, Pueblo, Golo... 


TOWNSEND, FREDERICK — 

City. 
-SUNIORS 
ANDERSON, LOWREY Watrace. Asst. ‘Engr., Tex. & ‘Pace. Ry. 

_ APPEL, HARRIS ARKUSH. Box 504, Colorado Springs, Colo. 


-Bascocx, Union Trust Co. of N. 


-FELGENHAUER, FRANK JOHN. Dean ‘Bt. Brooklyn, 
Foss, JAMES CALY rm, JR. . Asst. Engr.., 
Kukuihaele, 


Leroy. 318 West 57 th ‘St, ‘New ork City. 

CHESTER ‘Mason. Cold Spring on Hudson, XN. Y.. 

H AMILTON, Epw ARD PARMELE: EE. 


‘Jostin, V INCENT. 


Asst. W., 
a7 Southern Ry., 9 Stratford Ave., Norfolk, \ 


w ARNER, JAMES: MADISON. Yale Ave., L. 


W est 95th” St., be New 


.Y. May 4, 


Membershi 


“Oct. 7, 1902 


Assoc. May 4, 1909 


May 1, 


April 6, 
Mar. 2, 1909 


Mar. 


2, 1909 


1909 
1909 


April | 6, 1 909 
April 6, 1909 


Engr. Cuban Eng. ‘& 


April 6, 1909 | 


__ Date of 


009 
909 
g09 4 
906 
909 — > 
Deo. 1, 1908 4 
{ | 
aa, 
1909 
Cartes Care, P. T. & T. RR. Co., 1 0 
Bridge St. (Res., 401 West 117th St.), New York 
..... Dec. 1, 1908 
1909 
19099 
1909 
1909 
1909 
1909 
Cuartes Burrwcr. 2048 E. 115th St., Cleveland, 
Mav 4. 1909 
1909, Norfol 
, 1909 7 
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¢, WILLIAM ANDREW. ea are, Steptoe Val. Smelting & Min. Co., Ely, Nev.. 
Howarp CARTER. (Boller & Hodge), 149 Broadway, New York City. 
N, Henry F URLONG.  Chf. Engr., Oregon & Washington R. R. 


601 Central Bldg., Seattle, Wash. 


» FRANK. Asst. Engr., N. P. Ry he , 210 Sixth St., S. E. Missoula, 


8, AR Francis. Room 44, Triangle Bldg., Rochester, 
‘BINKLEY, GEORGE Cons. Engr., 122 South Pennsylvania St. 


[Society 


In- 


Bixex, HERBERT. Col., Corps of Engrs Ws Ss. 8. A, 428 Custom: 
House, St. Louis, Mo.* 

_BRaxTon, JAQUELIN U. Ss. Engr. 0 Office, Jacksonville, Fla. 
‘Bunce, Epwarp BaRNarp. Engr. in Chf., ‘Ast Section, Chil Rys., 
Chacabueo St. No. 13, V alparaiso, Chili, 
CARPENTER, ALLAN WADSsWoRTH. Engr. of Structures, N. Y.¢ H. R. R.,. 
7th Floor, Grand Central Palace, New ‘York City (Res., 68 Arthur 

CH HANUTE, OCTAVE. ( Past- President). Cons. J -Engr., 400 Dearborn Ave., 

BENJAMIN FRANKLIN, Res. Engr., ‘Pennsylvania R. R. Tun- 
nels, PT & TR Rs Pennsylvania Station, Ave, and 32d St., 
q 
cunts, W AL LTER W HALEY. Co ons. Engr., 355 Dearborn St., Chicago, Th 
LEY, IN PELEG. Cons. Engr., Room 532, Banigan Bldg., Providence, 


GUTHRIE , Epwarp BUCKINGH AM. Chf. ngr., Crossing C 
Ellicott Sq. (Res., 562 West Ferry St. N. Y. 
HARDING, JAMES JUDSON. _ Engr. Bridges and B ldgs., C., M. & Sound 


— Lronarp. U. 8S. Asst. Engr., Custom House, N i Nashville, 
RIS, STEPHEN. | 7217 Boy er St., Mt. Airy, Philadelphia, Pa. 
ARTHUR ‘STANLEY. 16 State St., Boston, Mass. 


Hoee, JAMES BREADING. Civ. and Min. Engr. Connellsville, 


Horcompe, Joseru GALES. Chf. Engr. Director of Public Works.. 


The United E ng. & Contr. Co., and V.- *. and 


Hoven, Davip LEavIrT. Pres., 
ae Mng. Director, The Cuban Eng. & Contr. Co oi West 42d St., New 


FRANCIS, CHARLES, Masonic Temple, Dav enport, 
GIFFORD, GEORGE Care, Milliken Bros., Inc. , Milliken, N } N.Y. 


~ 


York City, 
‘HoweELt, Davip JANNEY. Union Trust Bldg. ashington, D. 
Irwin, JAMES CrarK. Chf. Engr., Rutland R. R. Co. , Rutland, Vt Vt 


ie * Owing to an error Colonel Bixby’s address was entered in Proceedings for -—- April, 190, 
aS present address is correct. 
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_ JONES, Arruur Lewis 5a Calle de Balderas 72 72, Vivienda 22, City of Mesico, 
Jupson, WILLIAM V OORHEES. Maj. , Cor "ps of Engrs., U. Ss. A Distriet Bldg., 
Washington, D. C. 


KIMBALL, GEorGE HENRY ingr., 616 Union Trust Bldg., Detroit 
(Res. R. F. D 


INO 10, Pontiac), Mich 


Kine, WINFIELD "IELD Scort. n 20, Omaha Bldg. Assoc. 


McFerripce, WILLIAM SUTTON. Engr., Conneaut Lake Co., Exposition Park, 
| 


McGrew, BURLINGAME. U. S. Asst. Engr., 412, 0. Bldg., 


ittsburg, 
MARDEN HENRY HERMAN, JR. Care, The patie Eng. & Contr. Co., 17 West 
St., , New York City. 
NoBLe, ALFI RED (Past- President). Station, Seventh Ave. and 
32d St New ork City, 
Pavt, Howarb. E ngr. » U.S S. Reclamation Service, Ontario, Ore. 


Purpon, CHARLES DE LA CHEROIS. E _Engr., Memphis Terminal x. 


Rosecrans, EpwINn JOHN. Areht. ( Rosenerans), Broad- 
way, New Y York Cc ity. 
] o., Seward, 


RuGGLES, Bu RROUGHS. Chf. Engr., . Centra 1 Ry. 


RUSSELL, Smas | BENT. Cons. Civ. Engr., 408 Locust St., St. Louis, Mo. 
ridence,. 


RYDER, E Morcan T ALCOTT. Engr., M. of W. Ave. R. R. Co., 1 130th 


St. and Third Ave e., New York City. 
STANTON, Robert BREWSTER. Civ. 
New York City. 


 SuTER, CHARL ES RUSSE LL. Brig.- (Retiree ed), Roxbury, Dela- 
ware Co., N. Y. 
ware 


| Lee. L 


~ 
LLOWS, DANIEL VERETT. er! State Barge anal, 352 Guy 
Park Ave., e., Amsterdam, N. ¥. 
BRENN, C HARLES | F ERDIN AND. C hf, ‘Engr. of Mines, C3 M. & St. P. Ry, 1 94 
Fullerton Ave., Chicago! be 


BurgEss, GEORG E HECKMAN. Ch Engr., 1 ‘he Delaware & Hudson Co., J 


Cone, FRE p. 1112 Tacoma Bldg., Chicago, 


CONNICK, HARRIS. DEHAVEN. . Asst. Engr., Dept. of Publie Works, “Mechanics 


0OMER, Ross, ‘MILLER. 541 Main St., Buffalo, 


N. 


CR ANE, SP PENCER. Ci iv and Contr. (Ww alter E. 
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ASSOCIATE ‘MEMBERS (Continued). 
Guy Ww: HIT MORE. Asst. Engr., N. ,¥., N. & HL R. R. Co., 
129th St., New York City. 


‘Davonenty, Henry Micuart. Care, J. G. W hite & Co., 43 Exchange 


ELLIS, GUERNSEY WwW ILLIAM. 62 Bruce Ave. Yonkers, N. Y. = 


GEN INER, Orto Henry, JR. E ingr., , Phila. Fireproofing Co. , 1341 Are ch 
GIBSON, Loane. Engr. in Chg 
Ry. Co., Oruro, ‘Bolivia. 


Mont. 


‘Haas, LIPPMAN. Road Ww estville Center 
‘Hiceins, CHARLES HovUcHIN Exchange , Jer sey City, N. 
Joun Lewis, Jr. B ox 697, -on- Hudson, N.Y. 
HILTon, , JOSEPH ‘CHURCHILL. | 383 Rugby Rd., Brooklyn, N. 
| ROBERT ELMER. Cons. Hydr. ‘57 North Bine Albany, 
Henry Care, Great Northern Paper Co., Milli Millinocket, Me. 
GERARDO. 430 Main St., New Rochelle, 
‘Keays, REGINALD Horton. Care, Degnon Contr. Co., New Paltz, N. Y. 
LANCASHIRE, Forest HENRY. Cons. Engr., Lancashire & Horton, 842 Wil- : 
LANDERS, CHARLES Scorr. 7 299 Broadway, New York | City. 


LEEFE, Ew BANK. . Engr. Office, Ore. 


Linpsey, K1EFFER. Jeffer x. x. 


, Worcester, Mass. 
PERRY RoBINSON. 12 East 45th St., ork city. 


McConnett, JOHN LorRENzO. Care, Cook Infirm ry, Tinley Park, 


Moor, CHARLES GILLINGHAM. ‘744 Ellicott Sq., E Buffalo, 


Moss, RoBert Epwa ARD. Structural ‘Engr., (126 Liberty St., New York City. 
Nyx, ALGERNON SIDNEY. W est 51st St., New York 


‘Parsons, ARCHIBALD LIVINGSTONE. Civ. _—Engr., U. Ss. Bureau of Yards 


and Docks, Navy Dept., ashington, 


PaTTerson, Ropert YOUNGMAN. Asst. Engr., B. ALR. R., P. Box 956, 


Springfield, Mass; 
PENDERGRASS, Robert ALLEN MeClintie-Marshall_ Const 
Co. (Res., 1120 Lancaster Ave., Swissvale Station), Pittsburg, Pa. 
‘Por, Harry TrNKer, JR. 21 West 5th St. Charlotte, N. C. 
PRESTON, , CHARLES Henry, Jr. Civ. and Cons. Engr., 136 Grand St., WwW ater 
bury, Conn. 
Ross, Louis Apams. The Niantic Club, Flushing, , 
_Rosrxson, REUBEN TorMAN. 3905 Zenobia St., Denver, 
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ASSOCIATE MEMBERS (Continued). 
SARGENT, ARTHUR W INTHROP. Ss. ‘Junior Engr., La Conner, Wash. 
Care, Light. House Establishment, Office of Engrs., 12 12th 


Dist., Honolulu, Hawaii. Pot of 
and 


Ithaca, N. 


‘SEKIBA, SHIGEKI. Chi, Ene. Bridge we orks, 86 Sakaigawa St., 


Osaka, Japan, 


SLAYTON, Cc HARLES Arsert. Chf . Engr., , The Topeka-Southweste 


(225 Adams St., San Jose, Cal. 


GRANVILLE LEwIs. Engr. Pittsburg Plant, McClintie- 
ee Const. Co o.; Res. , 411 Hampton Ave. , Wilkinsburg, ms. 
AGNER, Res. Engr., , Dept. of State Engr. ‘ond 8 


Syra- 


suse, N 


WwW HITSON, ‘ABRAHAM UNDERHILL. Cold Spring, Putnam 


WILLIAMs, HowarbD (1896 E. 84th St., Cleveland, Ohio. 
WILLIAMS, SAMUEL WALTER. — 3337 Garfield St., Kansas City, Mo. 


oopwarb, Epw In C ARLTON. St., Fort orth, Tex 
‘Yous, Lewis 


ASSOCI. ATES. 


Latty, JouN Micua Old Bridge, N 
W RENN, JAMES" Cranberry Creek, N. Y 


VELL, ‘Harry Hv RD. Instr. in Surv. 732 Packard St., Ann Arbor, Mich. 
Bacon, ARTHUR WHITTEMORE, are, S tewart-Kerbaugh- Shanley Co., 


‘Brewerton, 
BENEDICT, ‘FARRAND Par: sippany, N 
Co 


G ARROLL Detroit River 
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Bixpy, WILLIAM FLINT. (Bixby & White, and Hy Engrs. 420° 


BREUCHAUD, JULES Row! LEY. 290 Broadway, New Yok: 
CLosson, EDGAR STONE. Asst. Engr., ic Service Comm., “First Dist, 
1047 East Tenth St., Brooklyn, N. Y 


Conner, RatpH MeEtvin. Asst. Engr., U ‘Reclamation Service Babb, 


Fortney, CAMDEN. Pace. | Cast, _ Bldg., Zone, 

GatcER, ‘Fra 


K _ Katonah, N. 


JOHN "Francis Barge Canal Office, Oneida Co, 
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Sanu EL ARN OLD. 


Water Supply, New 


Ener.. 


York City. 
HANAVAN, WILLIAM LAWRENCE. 
Walden, N. Y. 


HASELW oop, FRED Wi IL _ Engr., Western Pacifie Ry., As t and Adeline 


Haren, E VERETT § M. W. & P. 


docino Co., Cal. By. Co. 
HINES, HOMER E STLE. Res. ngr., Virginia Ry Princeton, W. 


., Potter Valley, 


-Men- 


Hirt, -Ropney. Assoc. E ditor, Electric Railway 239 W est 39th St., 
Hopeman, Byrt BRADLEY. 61 Park Row, New York City. 


re R RAYMOND. _ Asst. Engr. _ Designer, , Board of Water Sup- 


ply, P. Box 311, New Paltz, N. 
Jones, Care, U. Ss. Reclamation Service, akima, 


Ww ash. 
Pusey. Structural Draftsman, Millbrook Co., St., Kew 
KILKENNY, TOBIAS Ditton. 930 Pine St., San Fre rancisco, sco, Cal. 

LAMB, WILLIAM ALFRED. ‘Asst. E ngr., U.S. Geological Survey, Helena, Mont. 
JosepH THOMAS Harmon Ave., Detroit, Mich. 
LONGLEY, ‘FRANCIS FIEp Toronto, Ont. ., Canada. 
McCrory, THOMAS GEORGE. Asst. ngr. International ‘ontract C 10.5 
W. 62d St., oO. ‘Station F, Seattle, ‘Wash. 


AN, FRANCIS WILLIAM. Leveler, N. Barge Canal, Box 41, Clyde, 


Emmett LINCOLN. Asst. Engr., S. P. Cc 0., )., Box 21, Bowman, Cal. 

175 Calle 5 Pueblo General Paz, Cordoba, / Argen- 


PARSONS, AUG (GUST us ‘ABER. Bank of Bakersfield B ldg. Bakersfield, Cal. 
-Bruceton Mills, Preston Co., W. Va. 


Rice. 


oO. Box 51, Seattle, 


Ww 


Ryaw, RIcHARD 230 N. 3d St., Ariz. 


RYAN, WALTER J. Res. Engr. Cannon Ball, N. Dak. 
Scumip, Francis Raven cH. 3ethlehem, Pa. 
SHAFER, JAMES CHARLES Forsyrm 140 W est. ‘48th St., New York City. 


Smiru, Forp CusHINe. Care, Rev. G. H. Smith, Rhinebeck, 

ert, EVERETT ‘HAROLD. ‘Room 411, Temple C ourt Bldg. Atlanta, Ga. 
VocEL, JoHN LEONARD. 61 Ave. Jersey City, 

W ARLOW, ADONIRAM JUDSON. 1718 s. ‘18th "Philadelphia, Pa. 
Wi1cox, FRAN K LESLIE. \ Test 111th St., ‘New York City. 
Herman L EWIs. Care, Quick’s Rock Cliff House, High Falls, 
Ulster Co., N 
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Basser, Lorenzo. Fellow, 3 

“Mayer, Aveust. Elected Associate ‘Member, June ist, 1892; died March 
Moutton, Mace. Elected. Member, June 4th, 1884; ; died April 27th, 1909. 
‘Lewis FREDERICK. - Elected Men Member, 2d, 1889 ; died “April” 
Rosew Elected Member, October 3d, 1] 1883; died April 17th, 
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CURRENT ENGINEERING LITERATURE, [Society 


RECENT ENGINEERING ARTICLES OF 


og. (April 13th to May 0th, 1900) 


-Nore.—This list is published for the pu purpose of ‘placing the 
“members of the Society, the titles of current engineering hire 
which can be referred to in any available engineering library, or can be 
a procured by addressing the publica ation directly, the address and price 


being given wherever possible. 


LIST OF PUBLICATIONS 


ih the subjoined list of articles, references are given by the number 
to each journal in this list. 
qa) Journal, Assoc. Eng. 31 (28) Journal, New England _Water-— 
Milk St., Boston, Mass., orks Assoc., Boston, Mass., $1. 


(2) Proceedings, Engrs. Club of (29) Journal, ‘Royal Society of Arts, 
Phila., 1317 Spru St., ‘Phile- London, England, 15c. 
delphia, Pa. (30) Annales ‘des Travaux Publics de 
Journal, Franklin Inst., Philadel- Belgique, Brussels, Belgium. 
site, Pa. (31) Annaies de l’Assoc. des Ing. Sortis 
(4) Journal, Western of Engrs. des Ecoles Spéciales Ge Gans, 
Monadnock Blk., Chicago, Ill. Brussels, Belgium. _ 
(5) Transactions, Can. Soe. C. E. (32) Mémoires et Compte tent 
Montreal, Que., Canada. Travaux, Soc. Ing. Civ. 
(6) School of Mines Quarterly, Co- ———_—s*iFrrance, Paris, France. 
» New York ‘City, 


(33) Le Génie Civil, Paris, France. 
(34) Portefeuille Economiques des Ma- 

(7) Technology Quarterly, Mass. Inst. chines, Paris, France. 
Tech., Boston, Mass., 75c. (35) Nouvelles Annales de la Construc- 

(8) Stevens Institute Indicator, Stevens tion, Paris, France. © 
Hoboken, N. J., 50c. Revue’ de Mécanique, Paris, France. 


(9) Engineering “Magazine, New York _— Revue Générale des Chemins de 
(10) Cassier’s Magaz ine, New York City, __ France. 

(11) Engineering (London) 10e. 
Wiley, New York City, 25c. (42) Proceedings, Am. Inst. 
(12) The Engineer (London), Enegrs., New York City, 50c. 
national News Co. New York (43) Annales des Ponts et Chaussée: 
City, 35c. Paris, France. 
(13) Engineering News, new York Journal, Military Service Ins sti itu- 
(14) The Zingineering Record, New York York Harbor, 50c. 
City, (48) Mines and Minerals, Scranton, Pa., 
(15) Railroad Age Gaz ette, New York 20c. 
(46) Scientific _ American, New 


Engineering and Mining Journal, City, 8c. 
New York City, — (47) Mechanical Engineer, 
(17 7) Electric Railway Journal, New England. 
_ York City, 10c. (48) Zeitschrift, Verein. Deutscher 
(18) and Review, Berlin, Germany. 
Chicago, 10c. (49) Zeitschrift _ fiir Bauwesen, Berlin, 
(19) Scientific American ‘Supplement, Germany. i 
New York City, 10c. Stahl und Bisen, Dusseldort, 
0) Iron Age, New York City, 10c. many. hey 


(2 
(21) Railway Engineer, London, Eng- 51) Deutsche Bauzeitung, Berlin Ger- 
2) Iron and Coal Trades Review, on- > ° : Ri a, 
England. 25e. A (52) ‘Industrie- Zeitung, 
Americen Iron an ‘Zeitschrift, Oesterreichischer In- 
Pa. genieur und Architekten Verein, 
(24) American, Journal, New Austria. 
‘4 (54) Transactions, Am. Soc. C. E., New 
(25) "Engineer, New York City, 


Electrical Review, London, Transactions, Am. Soc. M. E., New 
nd. 


(27) Electrical World, New York Transactions, Inst. Min. 
Engrs., New York City, $5. 
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Guardian, London, (78) Beton ‘Eisen, Vienna, Austria. 

land. (79) Forscherarbeiten, Vienna, Austria. 

(58) Proceedings, Eng. Soc. _w. Pa., (80) Tonindustrie Zeitung, Ger- 

Fulton Bldg., Pittsburg, Pa., many. 

(59) Transactions, Mining Inst. of "Scot- (81) Zeitschrift fiir” Architektur und In- 
land, London and Newcastle- genieurwesen, W ‘iesbaden, Ger-_ 
Municipal Engineering, Indian- (82) Dinglers Journal, 

apolis, Ind., 25c. Berlin, Germany. | 


+ “Western Railway (83) Progressive Age, 


ck (84) Le Cc iment, Perk. France. 
62) Industrial World, 59 Ninth St., ( 85) Proceedings, Am. Ry. Eng. and M. 
Pittsburg, Pa. Assoc., Chicago, Ill. 
3) Minutes of Proceedings, Inst. C. E.,_ (86) Engineering- Contracting, — Chicago, 
4) Power, New York City, (87) Roadmaster and Foreman, Chicago, | 
(88) Bulletin of the International Ry. 
Yongres >, Brussels, Bel- 


5 
Cement and Am. Soc. for Testing 


Chicago, 25¢. (90) Transactions, Inst. of Naval Archts., 
(68) ‘Mining Journal, London, E ngland. endon, England. 
(70) 100, Review, New York (91) Transactions, Soc. Archts. 


(73) Electrician, London, (92) Bulletin, Soe. a’ Encouragement 


(74) Pransoctions, Inst. Min. and pour Nationale, Paris, 
Metal., Lon don, England. France. 


(75) Proceedings. Inst. of Mech. srs., (93) Revue de ge Paris, 
London. England. France, 4 fr. 50. 


(76) Brick, Chicago, Ill., 10c. (94) The Boiler Maker, New ‘City, 
(77) Journal, Inst. Elec. Engrs., Lon-| 1060. 
= 


don, England. (95) “International } 


LIST OF ARTICLES. 
‘Nickel Steel for Bridges.* Am “Waddell, Am. Soe. C. E. (54) Vol. 63. 
Bridge Designing.* Gayler. (Paper. before the Engrs.’ Club of St. 


Annual Address (Engineering Construction in - Montana). Archer E. Ww heeler. 
| Paper read before the Montana Soc. of Engrs. ) Ch) Mar. ag 
New Arch Curve, the Parabolic Oval.* Charles orthington, 
7 The Grand River Bridge of the Lake Shore & Michigan Southern i ee * 
Methods of Field Work Caisson Sinking. 
(From Technograph.) (86) Apr. 28. 
The Missouri River and its Bridges.* J. Y. “Oleson. (13) Apr. 29. 
Concrete Inst.) (21) May. | 
The Construction of the Grand River Bridge. . 44) May 1. a 
Remarques sur la Stabilités des Viaducs.* Bonneau. (43) Jan. 
Le Pont Doumer de 1680 Métres d’Ouverture sur le Fleuve Rouge, a Hanoi (Ton-— 
verbreiterung der Wilhelms-Briicke in Frankfort a. M. Koélle. (Paper read 
the Deutsche Beton Verein zu Berlin.) (51) Apr. 14. 
elastungsprobe der Beton-Gelenkbriicke der Diisseldorfer Ausstellung 1902. yeese 7 
and Gehler. (Paper read before the Deutsche Beton Verein.) (51)_ “Serial 


beginning Apr. 14. 
—Quertrager bei Balkenbriicken.* “Oswald. (78) Apr. 23. 
Relation of Load Factor to Power Costs. BW. Lloyd, C. z.. S. Howlett and . 
Tungsten and other Lamps. * George Loring. (3) om 7 
Output and Economy mF imits of Dy namo- -Electric Machinery. * 3c - Macfarlane 
and H. Burge. (77) Apr. 
Tr nsformers Some Theoretical and Considerations. * A. P. 
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CURRENT ) 
CURREN' 
ectrical— (Continued. 


-Inductive, Water-Cooled Standard Resistances for Precision Alternating- Cur- 
Measurements. * Clifford C. Paterson and RE. H. Rayner. 
Commercial Electric Heating. John Roberts. (77) Apr. | eg 


The Performance of a Synchronous Commutator.* B; Whitehead and L 
.. Grondehl. (27) Apr. 15.  # 


= Composition and Durability of Cable Pap ors. Clayton - Beadle and Henry P. 
Stevens. (73) Serial beginning Apr. 
Sioux Falls Hydro-Electric Development.* (27) Apr. 22, | 


The Effect of the Starting Characteristics upon the om of an — 


No 


Motor.* M. Berthold. (27) Apr. 22. 
The 45 000-Volt Transmissions ee Compagnie. Electrique du Nord, France.* 
Main Switchboard of Pratt Station, Baltimore. * a7) Apr. 
Central Heating and Lighting Plant for the United States Military “Academy.* 
Henry C. Meyer, Jr. (27) 29; (14) Serial beginning May (64) 
Tests of Watt-Hour Meters. (27) pm 29. 
Power Costs in a 1 250-Kw. Central Station.* H. S. Knowlton. ‘Apr. 29 
A New System of Wireless Telegraphy used by the Telefunken Company. Count — 
Fundamental Principles in the Design of Spark- Telegraphy Stations. Kiebitz. 
(Abstract from Elek. Zeit.) (73) Apr. 30. 
Auxiliary Poles for Direct-Current Machines, Their eeabeentiasthauins and Methcd > 
4 of Testing.* John N. Dodd. (42) May.  _ 
Electricity and the Conservation of Energy. Lewis B. Stillwell. (42) May. 
Principles of Fault Location; the Use of the Wheatstone Testing Instruments.* 
Sy stem of the Lockport Light, Heat & Power Company. * (27) May 6. 
The Electrical Equipment of the ‘Gorham Company. 
banks. (27) May 6. 
Electricity in Buffalo, N. George J. Kirchgas ser. 
Submerged Wire Rheostat.* P.M. Brown. (27) “May 6. 
‘Steam Cons sumption Tests of a 500-Kw. Turbo- Generator Set.* A. C. Scott. ( 
Conférence sur la Télégraphie sans Fils.* errié, (43) Jan. 
‘Les Lampes a Incandescence Filaments Blondel. (From 
Soc. Inter. des Elec.) (33) Apr. 10. 
‘sine Electrique de Cie. dElectricité de au Cap Pinade. 
Télégr sans Fil” par s Dirigeables ‘systéme Bellini-Tosi. 
(33) Apr. 24. 
Hise +h Angetrieb ene Kompressoren.* J. Havlicek. (48) Apr. 
Das Kraftwerk der A E G-Turbinenfabrik in Berlin.* O. Lasche. (48) 


The Influence a ) ship- Section Shape upon the Resistance of Ships.* 


Taylor. (91) Vol. 16. 
Effect upon Resistance.* Herbert C. Sadler. (91) Vol. 16. 

allas T. 

Roberts. (91) Vol. 
A Steamships. Carlile Wallace. 
Se rvice Test of the Ste ( Pave son’s Peabody, W. 
Leland and H. A. Everett. (91) Vol. 
Shipbuilding on the Great Lakes.* Robert Curr. (91 Vol. 
Centrifugal Pump Fire-Boats.* Charles C. West. | Vol. 16. 
Sea-Going Suction Dredges.* Thomas M. Cornbrooks. - Wi ol. 16. 
The Brazilian Battleship Sdo Paulo.* (11 Apr. 23. 
Marine Steam Turbines. (12) Apr. 30. 

The French Dreadnoughts.* (12) Apr. 30. 
“The Graving Docks of the World.* isos oe Assoc. M. Inst. C. E 
a Turbines for the North Dakota. * (95) “May. 

Naval Boilers in Service.* H. C. Binger. (95) May. 
itecherches sur la Résistance 4 la Traction des a ae un Nouveau Mesurier de 


WVitesses.* Barlatier de Mas et Guillet. (43) Jan. 
L’Application de la Surchauffe aux Moteurs Navires. -H. Wildt. (33) 


Chandler. (91) Vol. 16. 


Deviation of the Compass Aboard Avoidance and Correction. 
The Influence of Free Water Ballast upon § ips a a 
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CURRENT E NGINEERING LITER ATURE 
Mechanical. 


of Steam Thos. McBride. (2) Oct., 

ests o Coal and Briquets for House-Heating 

Coal Briquetting.* — Carl Scholz. (4) Apr. 

New Silica Brick Plant of the Harbison-Walker Refractories Co.* | (76) 
Paul Fuchs’ Process of Making Gr ranite Brick.* (76) Apr. 
The Conditions Favouratle to the Production -Methane.* Thomas Holgate. 

(66) Serial beginning Apr. 6. 


Power System of Louisville Lighting Co.* pra Monnett. — (64) f pr. 13 

Gas-Producer Central Station at Harvard, Ill.* (27) _ Apr. Ld: are 

Prony Brakes for Practical Testing.* G. “Everett Quick. (19) Apr.17, 
Rolled Manganese Steel Rails; the Manard Rail of the Pennsylvania Steel Com- 

A Constant-Pressure Internal- Combustion Engine. * H. B. Stilz. (13) 

A Traveling Bridge Suspended from a Cableway for Making Fills.* (13) Apr. 22. — 

An Operated Suspended Alfred” ‘Gradenwitz. Apr. 


A New Method in Water Gas ‘Lea. 


‘Ill. Gas Assoc.) (24) Apr. 26; (83) ane. 15. 
The Production of Sound Castings. ” Robert Buchanan. 
- land Iron and Steel Inst.) (62) Apr. 26. oa 
Steam Turbines for the Propulsion of Vessels at Moderate Speed.* Yasuzo. Ww ada- 


(Paper reed 


gaki. (Abstract of paper read before the North-East Coast Inst. of Wada 
Shipbuilders). (47) Apr.30. 
The Influence of Steam Pressure, Speed of Rotation, and Number of Expansions © 
upon the Mean Effective Pressure and Steam Consumption of Steam Engines. - 
a R. Royds. (Paper read before the Inst. of Engrs. and Shipbuilders in Scot- 


land.) (47) beginning Apr. 30. 
Donohoe Coke Co.* 


_ read before the Amer. Chem. Soc.) (94) May. + oe 

Economies in the Manufacture of Iron and Steel.* G. B. 7 (9) Serial 

‘The of the Absorption Machine, Jos. H. Hart. May. 

Koppers By-Product Coke Oven Plant at Joliet.* R. Gunderson. (83) | May 1. 
The Traction Elevators in the Singer Building, New York.* (14) May 

Producer for Manufacture of Carbon Monoxide Gas.* (62) - May 3. 

The Mills of the Cowell Portland Cement Company.* (14) May 8. ae a 

An Investigation of the Effects of Compression and Transmission on the Candle 
B.- Power and Heat Units of Manufactured Gas.* H. E. Bates: and J. R. Rafferty. 

(Paper read before the Ill. Gas. Assoc.) (24) May 10. 
Note l’Utilisation Directe du Gaz de Coke's les” Moteurs a Explosion. 
. Cuvelette. (32) Feb. 

‘sur le Ressort & Boudin.* M. Astier. (37) Mar. 31. 

Remarques sur la Compression des Moteurs a Gaz.* E. Jouguet. (37) Mar. 31. 

Les Changements de Vitesse des Automobiles.* E. Girardault et J. Bethenod. (33) 
“Gazogenc a Combustion Horizontale pour Fours a Cornues d’Usines A Gaz , Systéme > 

Ueber Turbogeblise. H. Naville. (Paper read before the Siidwest.) 

mit Regelbarer Umlaufzahl.* R. Proell. (48) hoe. 10. 


Das Riemengetriebe und die 


Metallurgical, 
A New Electrical Hardening Furnace. * E. Sabersky and E.. Adler. (Abstract of 
paper read before the Faraday Soc.) (73) Apr. 16; (ii) Apr. 36. 
Mount Morgan Metallurgical Works.* Gerard W. Williams. Apr. 17. a 
Slime Settling before Cyaniding.* (16) Apr. 24. a 


Metallurgical Treatment of Mount Morgan Bowie “Wilson. (16) Apr. 
Notes Cyanidation.* Leo Bishop. (Abstract of paper re ead before 
Chlorine Processes. F. W. Traphagen. (45) May. 
Modern Silver-Lead Smelting at Laurium, Greece.* Henry F. Collins. 7 (16) M May, 


“Recherches sur les Alliages du Fer avec le Soufre.* Ziegler. (93) 
Neuere Untersuchungen iiber das Beizen. Julius Griinwald. (50) 14. 
Moderne Tempergiesserei.* E. Schoemann. (50) Apr. 
Das Hochofenwerk Liibeck.* Oscar Simmersbach. | (50) Apr. 28. 
Neues iiber Hartedfen.* D. H. Haedicke. (50) Serial beginning ae. 28 


New Type of Washer for Low-Grade Gold Ores.* Joseph “Hyde Pratt. (16) May 8. . ’ 
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Torpedo in the Mediterranean.* _ (42) 
Naval and Military Signaling. a Walker. (44) aie 


E 


ITERATURE 


Mining. 
Coal-Dust to Date and its ‘Treatment with Caleiu um Chloride. * Henry Hall 


On the Practical Use and Value of Colliery. Rescue-Apparat s, and the Organiza- 
tion of Rescue-Corps. George Blake Walker. (59) Vol. 31. 
Deep Diamond-Boring at Balfour Mains, Fifeshire. James G “Thomson. (59) 
Sinking Pumps.* Frank S. Mitchell. (Paper real before the ‘Montana Soc. of 
Mining Coal with Machines in England. * George R. Dixon, (16) Apr. 17. 7 
a Lowering a Large Pump into a Mine.* George J. Young. (16). Apr. a 
Development of Dredges Placer — George B. Massey, II. (16) 


Water Losses at Broken Hill. T. H. Palmer. (16) Apr. 24. 
Counterbalanced Hoisting.* R. L. Herrick. May. 
Three Thousand Horse Power Winding Engine.* J. B. Van Brussel. (16) _ May : 

Restoring Dredged Ground.* D. B. Sellars.  cmaainand of a report of the Secy. of 
Mines, Victoria.) (16) May 8. 

An Investigation of the Cost of Mining Coal. J. R. Finlay. (16) May 8 © : 
La Station d’Essais du Comité Central des Houilléres de France wa Liévin (Pas- -de- 
Calais).* (33) Apr. 10. 
Angetriebene Kompressoren. Havlicek. (48) Apr. lv. 


Miscellaneous, 


for Measurement of High Temperature. ‘Richard Brown. @) 
The Patent System in its Relation to Industrial Development. Frederick P. Fish. 


Theory of Road Street Desien. (86). Serial beginning Apr. 


14. 
The Top Soil Method of Highway Construction. ©. M. Strahan (14) Apr. 24. 
Analysis of Highway Traffic in Rhode Island.* Arthur Horace Blanchard, 
Assoc. M. Am. Soc. C. E. (Paper read before the Amer. Assoc. for the Advance-_ 


An 


ment of Sci.) (13) Apr. 29. | 
Controlling the a of Bituminous | Binders. lers.* « . N. Forrest, Assoc. M. Am 
Railroad 


Electric Railways in the Ohio Valley between Ohio, and | 


-Pennsylvania.* | George B. Francis, M. Am. Soc. C. EB ‘Vol. 63. 
Elevating Tracks of the Philadelphia, Baltimore & Washington Railroad through | 


New Carriages, Great Indian Peninsular Railway.* (21) A Apr fins 


Superheaters (Montcheuil without Headers.* Charles R. King » M. I 
Tunnel Construction.* W. H. Booth. 

Re-inforced Concrete Sleepers in Ameri ica.* (21) Apr. | a 
10-Coupled Engines, Austrian State Railways.* (21) Apr. | 
Electro-Pneumatic Power Signalling at Glasgow Station ; Rail- 

-way.* (21) Serial beginning Apr. 
in Electrification of Railway Terminals. Evans. (4) Apr. 
Gravel Washing Plant on the Richmond, Frederic wane | and Potomac R. R.* | 
M. Hastings. (13) Apr. 15; (18) Apr.10. __ 
Havana Central Railroad.* Reginald Gorham. Qn Apr. 15 
Electrification of the State Railways of Italy.* (12) Apr. 16. av 
New Locomotive Repair Shop of the Gr rand ‘Trunk, Battle sania Mich.* 
Power Station of the Chicago, Lake Shore & South Bend Railway. . (17) Apr. 47 ¢ 

Maintenance and Improvements on the Illinois Traction System.* (17) Apr. 17. 
Building Concrete Culverts in Freezing Weather.* J. H. Ryckman. = 5 Apr. 17. 
Abolition of Railroad Grade Crossings in Philadelphia.* (14) Apr. 17. 

The Construction of the Hopatcong-Slateford Low-Grade _Cut- Off of the -Lacka- 
Mihi wanna Railroad.* (14) Serial beginning Apr. 17. 
The ‘Weverton Signaling ‘Installation on the Baltimore & “Onto (14) 

Apr. 
to Locating Engineers ‘Alaska Central Railway 

(Abstract of paper read before the Pacific Northwest Soc. of Engrs.) 


Wilmington, Del.* H. S. Righter. (2) Oct., 1908. 
Car Wheel Forging and Conditions of Steel for High Service. “oy Jas. H. Baker. — - 
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CURI RRENT ENT ENGINEERING ‘LITER. ATUR 


The Problem of Reduci ing Smoke on Gibbs. (From paper 

for the Amer. Civic Federation.) (13) Apr. 22; (19) Apr. 24. lane yale 
Report of the Boston Metropolitan Improvements Commission.* — (15) Apr. 23. 


Goods Locomotive with Spark Arrester, Caledonian Railway. oil (5) Apr. 23. 
Bush Track Construction.* (15) Apr. =a. 


Four Track Elevation at Indianapolis. * (15) Apr. 23, 


Light Railways in India. Percy F. Martin. (12) Ser beginning 
Relative Economy in Cost of Culvert Construction. E. W. Cooper. (Paper read — 
before the Eng. Assoc. of the South.) | (18) Apr. 24; (86) May 5. | 


Walter I. ‘Aims. . (From Compressed 
Baldwin 213-Ton Artic for Southern Pacific Ry.; the Heaviest 
omotive ever Built.* (13) Apr. 29; (15) Apr. 30; (18) Apr. (24 25) 


Rapid Methods in Driving Tunnels.* 


he Disadvantages of Concrete Foundations for Railway ‘Crossings. * Pp 
Heavy Passenger Locomotives of the 4:6:2 Class; Western Railway of F rance. il 

The Chamonix-Martigny E lectric Cc. an Langendonck, (15) Apr. 30. 
The Arica- La Paz Railway. * 30. 


(21) May. 
Road and Ardwick idening: and North Western Railway.” (2 21) 
Pacific and Atlantic Type Locomotive, Northern Pacific Railway. i 
A Standard Low-Bridge Warning Signal.* (14) May 1.. 
Ten-Wheel Locomotives, Chicago, Milwaukee and Puget Sound Ry.* ‘May 
Consolidation Locomotives for the Wabash Pittsburg Terminal Ry. (18) May 1. 
Conditions of Electric Railway Operation in Mexico City.* (17) May 1. a 
Automatic Load Regulation on Traction Systems by | Storage Batteries. F. Ww. 
Laas. (Abstract of paper read be _ the Iowa Street and Interurban Ry. 
Side-Rod Single- Phase Locomotive.* (27) May 6; (14) May ; (17) May 8. 


Railway Rate Making in Practice.* Ww illiam ‘Ripiey. Serial beginning 


Traffic Studies.* Ray Morris. (15) Serial beginning 
Train Resistance.* A. Stucki. (15) May 
Notice sur Construction des Chemins de Fer de Cher.*. Mayer. 


j Chemins de Fer @ Interét Local et ‘Tramways ; angle sur une ) Anomalie qui Peut 
Résulter de P 
Jan. 


‘océdés les ‘ents d’Enclenchements naux et des Aigu 
Moutier. 


sur les Conditions de Construction des Locomotives: aux | Etat ats-U 
“magne et en France. Marcel Bloch. (38) Apr. | 
Sabliére pour Locomotives et Voitures Automotrices, Systéme Lambert. * (34), ae: 


Umgestaltung der Bahnanlagen in und bei Leipzig.* Boltse. (49) 
Serial beginning Vol. 4-6, 1909. 


Der Bahnhof Vohwinkel und Seine ‘Entwicklung.* Claus. (49), Vol. 4-6, 1909. 
Entwerfen und Bau von Lokomotivschuppen.* Cornelius. (49) - Vol. 4-6, 1909. | 
Das Wanken der Lokomotiven unter Beriicksichtigung des Federspieles. a a. Jahn. 

Serial beginning Apr. 3. 
Die Elektrischen F4/4-Lokomotiven am Simplon.* Thomann und K. netz 
(48) Serial beginning Apr. 17. 
‘Metzeltin. ‘Serial beginning Apr. 


C. 
T 600- Volt with Grounded Circuits by the 
Important Automatic Switching Installations in Washington, D. C.* (17) _ Apr. 17. 


Ventilation of the Washington Street Tunnel, Boston.* (14) Apr. 24. - 
T-Rail in Paved Streets at Charlotte, N. C.* (17) Apr. 24; (14) Apr. 24. 
Heating a Trolley-Car Barn.* J. Irving Brewer. (13) “Apr. 29. 


Large New Car House of Chicago City Railway.* (17) May 8. ine 
py of a Study of Car Ventilation in Chicago. APY May 8. Peeow 

Le Chemin de Fer Métropolitain de Paris.° R. Godfernaux. = Apr. 

Sanitary, 

Sewerage and Drainage Improvements at Cairo, Illinois.* re Apr. : 


pecifications and Bids for a Refuse Inc inerating and Power Generating 


| 
» 
d 
| 
q eS 
| 
» Tinion 
| 
: 4 
4 


— 
— i ve 
— | 
— 
i 
: 
: 
— 
a 
. 
| 
> 
; 
— | 


“CURR ENT ENG 
Sewage Purification w orks at Mt. Ver rnon, N. ¥.* Cc. M. 
Boe. C.. (83) Ape. 20. j= 
Methods of Sewer Construction in Clinton, Iowa.* | Charles P. Chase. (Abstract 
paper read before the Iowa Soc. of Eners. ) (60) May. 
_ Legal Status of Works Producing Noxious Gases. Charles Baskerville. (16) May a 
The Louisville Sewerage Improvements.* Roger DeL. French. (14) Mayl. — 
Fundamental Principles of Sewage Purification on Land. _ Rudolph Hering, M. Am. 
Einige Mitteilungen liber die Kanalisation von Belgrad und den Bau des Haupt- 
-sammiers der Oberen Zone.* Ludwig Roth. (78) 
Die Heizungsanlage ‘im Fabrikgebaude der Deutschen Gasgliihlicht- -Aktiengesellschaft a 
von Staub und Luft in Absauganlagen. Ewald Mees. (48) 


Apr. 17. 
Structural, 


Foundations for the New Singer Building, New York City.* Thomson, 
OW aterproofing, an Engineering Problem. Myron H. Lewis. (2) Oct., 1908. 
Manganese Steel.* W. S. Potter. (4) Apr. 
+ ‘The Vaughan System of Reinforced Concrete Construction. * a 
_ Methods and Cost of Constructing Frame Cottages and Service Buildings for the 
 Camaguey, Cuba, Waterworks.* Henry A. Young. (86) Apr. 14. 
Some Methods in Competitive Reinforced Concrete Design. _ Ernest McCullough. 
stract paper read before the Armour Inst. of ‘Tech. 
pr. 
Reconstruction in of the Large Manufacturing Plant ot 
J. B. King & Co., Staten Island, N. Y.* Arthur G. Hoadley. (13) _ Apr. 22. 
-Guest’s Law of Combined ‘Stress. - C. A. Smith. (11) Apr. 23. 
The Building Exhibition. (12), beginning Apr. 
7 Corrosion of Iron and Steel. 
Cleveland Inst. of Engrs. Apr. 23. 
Tables for Calculating Inertia of Built-up Girders.* H. F. Harris. 
Knickerbocker Trust Building Substructure.* | (14) Apr. 24. 
The Cummins Station Warehouse, Nashville, Tennessee.* 
Some Experiments on Impact.* E. Sears. (11) beginning Apr. 80. 
The Dangers of Breeze Concrete.* (11) Apr. 30. 


A Large Concrete and Timber Coal Pocket.* “(14) May ee 
Foundations of the Northwestern Railway Terminal, Chicago.* (14) May 8. 
Influence du Traitement Thermique sur Tes Déformations Linéaires: des Acie 
Demozay. (93) Apr. Pip 
E rganzungen zu der Berechnung der -Konstruktionen. 

grim. (81) Vol. 3, 1909. 


Bestimmung der des Zementes. Eduara Toth. Serial 


Das Neue Theater in Kopenhagen. * Suenson. (78) 23. 
_ Erdbebensichere Bauten.* F. von Emperger. (78) Apr. 


water Supply, 


‘The Status of the Wave Motor.* James Barkelew. (64) 
orks in the Hawaiian Islands. , O'Shaughnessy, M. Am. Soc. 
(13) Apr. 1500” 
The Barly Construction Methods at the Plant of the : onan Georgia Power Com- 
pany.* (14) Apr. 17 
Sedimentation of the Water-Supply and its Relation to ‘Typhoid Fever in Wash- 
_ ington, D. C.* Francis Longley. (13) Apr. 22. 
The Valuation for City Purchase of the Property of the Waterloo (Ta.) Water- 
Works Co. <A. Marston, M. Am. Soc. C. BE. (13) Apr. 22. 
The Garden City Pumping Plant.* F. W. Hanna. 
Swedish Hydro-Electric Power-Plants.* John Geo. ‘Leigh. (10) May. 
Impurities Causing Scale and Corrosion. J. C. William Greth. (Abstract of paper _ 
read before the Amer. Inst. Chem. Engrs.) (94) May. 
The Design Pipes Hydro- ‘Richard ‘Muller. (14) 
The High Head I Development at Loch Leven, Scotland.* 
ray S. Culbertson. (14) May 1. 


Docteur PL Miquel 


Produites par la Fermeture des sur le Fonctionne- 
ment d@’une Distribution d’Eau.* Henry Dide. (33) Apr. 24. | 
‘Die Wasserversorgungs-Anlage fiir Apulien. Dr. Brandau. (Paper read before the 

~Arch.-u. Ing.- Verein zu Cassel. ) (51) Serial beginning Apr. 10. 
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Lal ‘Huron and Michigan. Cc. E.G Grunsky, M. Am. Soc. Cc. BL 
(54) ‘Vol. 63. 
The Floods of the Mississippi Delta: Their Cau s and Suggestions as” to their 
Control. William D. Pickett, M. Am. Soc. C. E. (54) Vol. 63. 

The Improvement of the Ohio River.* William L. “Sibert, M. Am. Soc. C. E (84) 
The Colorado River Breach and Closure.* (12) 9. 
The Proposed National Ship Canal in Scotland.* © Pi) Apr. 23... = 
Construction of a Sea Wall at Fort Morgan, Alabama.* ‘as Apr. 24. 
Extraordinary Ice Jams at Niagara Falls.* (13) Apr. 29. 
The Present Condition of the Suez Canal. + (42) Apr. 30. 
A Dredging Equipment in the Himalaya Mountains.* (95) May. 
An Eight-Yard Dipper Dredge for the Cuban Government. = (95) ay. 
ae of Hulls for Hydraulic Cutter Dredges. E. N. Pe rey. (95) “May. 
The Bates Electrically Driven Hydraulic Dredger. * (95) May. | 


; Lock No. 3, Cumberland River.* William W. Harts, M. Am. Soc. C. E. (13) May 6 q 
The Design of Cable Stations for River Measurements.* J. C. 


May 6. 
Built-Up Concrete Slab Piles and Pile Protection. . (14) _ May 8 

New Municipal Piers in Baltimore Harbor.* (14) May 8. 8 aa 
Les Echelles a Poissons et leur Application aux Barrages de ‘Meuse et d’Ourthe. * 
Errichtung eines Kais mittels Eisenbeton- Schwimmblécken in Port Said. Waither 
Wehrbauten aus Eisenbeton. F. W. Otto Sckulze. Serial beginning 

Panamakanal. * Max Frhrn. von Ww endland. (51 Serial al beginning 1g Apr. 7 
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This Society is | not responsible, as a body, for the facts and opinions advanced 


in any of its ‘publications. 
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SOCIETY AFFAIRS 


Minutes of Meetings 


; _ Of the Society, M ay 19th, and June 2d, 1909 : 
-_Forty-first Annual Conv ention, July 6th~ 
Of the Board of Direction, June 
Report in full of the Business Meeting, July 7th, 1909, at the Forty-first — 
Convention 
_ Excursions and Entertainments durin 
_ Attendance at the Forty-first Annual 


Announcements: 


the Forty-first Annual Convention 
Jonv: ention.. 


_ Privileges of Engineering S Societies Extended to Member Sa 
Searches in the Library os 
Local Associations of Members of the American Bociety'o of Civil 


Donations 
_ By Purchase 


(Additions, 


-_ 19th, 1909. -—The meeting was called to order at 8.30 P. 


Vi ice- President George H . Pegram in the chair; Chas. Warren om. Pe. a 


Sceretary ; and present, also, 137 members and 24 guests. 
A paper by C. E. | Grunsky, 1 M. Am. Soe. C. E., entitled “The 
Sewer System of San Francisco, and a Solution of. the Water 
Flow Problem,” was by tt the author and ‘illustrated with 


paper was discussed by Messrs. C. E. Gregory, E. 


Kenneth Allen, 
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MINUTES OF MEETINGS 
_ Ap paper by W. S. -McFetridge, Am. Soe. entitled “Some 
‘Extensive Railroad Surveys, and Their Cost per ] Mile, ” was presented 
x the Secretary, and discussed by F. Lavis, M. Am. Soe. C. E., who 
illustrated his remarks with lantern slides. A written ‘communication © 
‘the subject, from Clinton S. Bissell, M. Am. Soe. E., was read 
by the Secretary, and E. 'W. Lewis, M. Am. Soe. C. E., discussed the 
- The Secretary announced the death of WALTER Lorton DusE 


Adjourned. 


> ad, 1909.— —The meeting was called to. at 8.30 P. M.; 


‘Vice: President George H. Pegram in the chair; ; Chas. 

% ‘Secretary; and present, also, 136 members and 38 guests. 

A paper, entitled “ ‘Tests of Built-Up Steel and Wrought- Iron Com- 
- pression Pieces,” by , Arthur N. Talbot, M. Am. Soc. CE, and Herbert 
KF Moore, Esq., .» Was presented by the Secretary, who also read a com- 

‘munication on the subject from John C. Moses, M. Am. Soc. C. E. 
paper by Henry Japp, M. Am. Soe. C. entitled “Caisson 
- Disease and Its Prevention,” w was presented by the author and illus- 
_ trated with lantern slides. Written communications on the paper from 

Dr. J. S. ‘Haldane, and Dr. Fred. L. Keays, ' were read by the Secretary, 

the was discussed by = Ls Saunders, 


The action of “the , following candidates 
by Board of Direction on June Ist, 1909: 


- ey 


Coutson ArmstKonG, Chicago, 
Bertram Brewer, Waltham, “Mass. 
AUSTIN BRADSTREET Fiercuer, Boston, Mass. 


EpwA ARD HARKNESS, Boston, Mass, 


Sexsy Mircuett, St. Louis, Mo. 
Ricwarp Monrog, Rock Island, Il. 
Frepericy Yancy Parker, St. Louis, Mo. 
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— Wittoucusy Sayues, Watertown, N. Y. 


0 OF MEETINGS 


‘Harry Wray ‘Cian YBAUGH, Pa. 
BERNARD we, Zanev Berkeley, Cal. 
Hartey ‘Fry E, 


J OHN HENRY Myers, Harrisburg, Pa 


SAMUEL Donatp Newrox, Knoxville, Tenn. 


ALAN ‘PERLEY, Mt. “Airy, Pa. 

Joun Hupson Poors, Washington, D. C. 

Henry Prart, Waltham, 

THEODORE EcKForp Ruoapes, New York “City. 

-Epwarp Henry RockweEtt, Tufts College, Mass. 

Warren CHAMBERLAIN TupBuRY, Sanborn, N. 


Norman Ranp Douglas, Wyo. 


ADOLPH YAPPEN, Il. 

HERMAN” Cuaretz, Buffalo, N. Y 7A 

(CLESSON ‘HERBERT Fret, South Bethlehem, Pa. 
Leo Danie. GRAHAM, St. ‘Ignatius, Mont. 
-Howarp Kinesaury Ann Arbor, Mich. 
James Horriaan, Wilmington, Del. 
‘Frank Ray Howe, Flushing, N. Y. 
J ounson Howes, , Rochester, N. 
Ricuarp Huaues, Jr., Monaca, ‘Pa. 

Auaust Kriecer, Louisville, | Ky. 


SHERMAN LARIMER, Estes. Park, 


Aurrep We ORCESTER Mass. 
GILBERT SMALL, Waltham, Mass. 
JONATHAN TEAL , Lafayette, Ind. 


C1. EMENT Crarence Colo. 
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Grorce Hicars Myers, Denver, Colo. 


MINUTES OF MEETINGS © 


‘The Secretary ‘announced the transfer of the folloy 
by the Board d of pamamascinle June Ist, 1909: 


252 
ASSOCIATE MEMBER TO MEMBER. 


Tacos Louts Bauer, Elizabeth, N. J. 

Rosert Bertes, Far Rockaway, N.Y. 
Cartes Corwin Crew, Bay City, Mich, 

Harry Harpy, Colon, Panama. 

J oHN CLayton Hoyt, Washington, 
CHARLES GILMAN Hype, Berkeley, Cal, 
‘CHARLES Moore, Buffalo, N. Y. ie 


Cuavney Ruscx ‘Perry, Waltham, Mass. 
Frou J UNIOR | TO 


‘Haywarp R., ‘New ‘York City. 


Junior To AssociaTs: ‘eon. 
CuarLes Wuitney Barker, Jr., Philadelphia, Pa. 


‘Hersert Watson Harton, Wilmington, Del 
-Gerorce Hitt, San Francisco, Cal. 


DeTosin Ketiey, Lander, Wyo. 


_ ELECTIONS BY THE BOARD OF DIRECTION, JULY Ist, | 1909 


At the Business Meeting at the Annual Convention, J uly ‘Ith, — 
the Secretary announced the following elections, and deaths: 

As 


Horace Camron, Philadelphia, 
Rocers Evans, Haverhill, Mass. 
Henry FENN, Wilmington, 
JOHN Berton Feravson, Lima, Ohio. | 
Henry Fox, Baltimore, ‘Md. 
James ADAMS FRENCH, Engle, N. Mex. 
ARTHUR Grace, Medicine Hat, Alta. , Canada. 
Erwin Ernest Hastam, Niagara Falls, i, 
ATLEE James, Kenora, Ont. Canada. 
NeELson Laxe, Wheaton, Til. 
Cuartes THomas Mary, Boston, Mass. =~ 
Laurence Braprorp Mantey, West Roxbury, Mass. 
-Epaar Darwin Martin, Chicago, 
O’Brien, Utica, N. * 


Logan Watter Pace, Washin sen, D. 
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MINUTES ES OF MEETINGS - 
GEORGE Rocers, Tuckahoe, N. 
GRANT. ‘Rourer, New York City. 
Louis Krrcan Rourke, Empire, Canal Zone, Panama. 
Hues McGeues Tayior, Mexico City, Mexico. 
Martin Torrance, New York City. 
Rupotpn Warner Van Norven, San Francisco, Cal. 
‘Frienp Prrrs WituaMs, Amsterdam, N. Y. 
Brunpacr Winpsor, New York City. 


As AssoctiatE MEMBERS. 


Nicuouas Beacu, York City. 
Louis AnpREw Burns, Rome, N 
‘Duncan ‘Butte, Mont. 
‘Epwarp GinMan Carey, New York City. 


VaHRAM Yerevane Dav Utah. 
Tuomas JEFF ERSON Epeten, Winnipeg, Man., Canada. 
Mitton Harvey FREEMAN, New York City. 
Louis Gagnon, New York City. 
‘Henry Gray, Olympia, Wash. 
 Cuartes Harpr, Camp Hill, ‘Pa. 
Nicuotas Hunter Heck, Key | West, Fla. 
OLYDE Lesuir Hu: Horr, Salt Lake City, Utah. 
Hinman Barrett Hurrsut, New Haven, Conn. 
_Epwin Gustav KASTENHUBER IR. , Bordentown, 
Howarp B. Merrick, Ann Arbor, Mich, 
BRANDON PATTERSON, Darrowville, Ohio. 
Jorn Marsn Pratt, Mobile, Ala 


HARRY SWEENEY, Brooklyn, N. 
‘Epwarp THomas, Jamaica, N. Y. 

AuPHONSE GAILLARD TILMONT , Nimrod, ‘Mont. 
ALBERT Epwin Watpron, D allas, Tex. 
Tacos Pers JoNEes WILLIAMS, Pa. 


LEo i -WINTERHALTER, Cleveland, Ohio. 


As J UNIORS. 
EVERETT ‘Beswick, Cold Spring, N. 
ARNOLD Goopwin CHapMaN, Albany, N. 


Pinkney Epwarp CunnincuaM, Vicksburg, Miss. 


iM, 


Frank ‘HASKELL DENSLER, Poughkeepsie, N. Y. 
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a 
ERDMANN, Beverly, Wash. 
‘Harry Carter GarpDNER, Boulder, Colon 
Gorpon BuRNETT T GIFFORD Huw, 


Rosert IsHam RANDOLPH, Chicago, IL 
SHALER GORDON SMITH, ‘Hoboken, N. J. 
TricHert, Jr., Sacramento, Cal. 


CiaRK WINTERMUTE, Wilkes-Barre, Pa. 


Transrers FrRoM Associate Memper To MemBer. 


| Srmpson Browne, Providence, | R. I. 


Grorce Heckman Albany, N. 
Harry Git BERT New York City. 


Grorce Estyn Goopwin, Family, Mont. 
ARTHUR: News ALL JouNsoN, 


FRaNcis Lippy Yuma, 


Morton Loupon Tower, San Francisco, Cal. 
‘TraNsrERS FROM JUNIOR Associate ‘MEMBER, 


Watrter JosepH GILLEN, Brown Station, N. 
Tuomas Brenton Hunter, Monterey, Cal. 


‘Horace Suetey, Salt Lake City, Utah. 


Roy Swarrwour, Omaha, ‘Nebr. 


Henry — elected Associate Member 


1892; Member February 6th, 1895; died June 17th, 1909. 


Leste Davis, elected Member September 6th, 1905; died 


‘Tune 9th, 1909. 


10th, of 


death 


‘Member th, 1889 ; 
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MINUTES OF 


€ 


CONVENTION 


HELD AT BRETTON woobs, JULY 6th- 1909, 


—_ 
FIRST SESSION * 


Tuesday, July 6th, 1909. .—The ‘meeting was to order” at 
10 a. M.; John W. Ellis, M. Am. Soe. C. E., Chairman of the Local. 
Committee of Arrangements, in the chair; Chas. Warren ‘Hunt, ‘Secre- 
tary; and present, also, about 300 members and guests. 
Mr. Ellis introduced his Excellency, Governor Henry B. —Quinby, 
~ who welcomed the Society to the State of New Hampshire. ‘Onward | be 
Bates, President, Am. Soc. C. E., thanked the Governor for his 


BUSINESS MEETING 
Second S Session of the Convention, Wednesday, ‘July 7th, 


~The ‘meeting was called to order at 8 Pp. M.; President 
in the chair; Chas. “Warren and present, | also, 
150 members. 
The Secretary presented a of the suggestions received 
“members as to the place and time for holding the Annual Convention — 
of 
: On motion, duly seconded, the daniel the selection of the place 
and time for holding the next . Annual Convention was referred to to the : 
Board of Direction with p power. 
The ‘Secretary presented a report of f the Board « of Direction on 
method of appointing the Nominating Committee. 
In reference to the Special Committee on the Status of the Metric 
Sy ystem, the Secretary. explained that when the committee had presented a 
its report to the Annual Meeting, 20th, 1909, it not asked 


having the | attention of the Board of Direction subse- 
quently, the Board had reappointed the committe. 

In the matter of the Progress Report of the Special Committee on > 
Conerete and Reinforced Concrete, the Secretary read discussions by 
Messrs. John S. Sewell, Clarence W. Noble, and S. Bent Russell,|| and 
‘Messrs. J. F. O’Rourke and R. _Worcester|| discussed the 


On motion, duly sec seconded, it was ordered | that the report, and all © 


discussion thereon, together with any any reply to the by 
the committee, should be received and —— in ssossonsese 


_$See,page 


4 § See 
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For the report in full OF this abd the Business Meetings, see page = 
tember, 1909,number of Proceedings. — 
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MINUTES: oF MEETINGS [Soctety 

elections and transfers by the Board 

of Direction o on July ist, 1909. 


Secretary announced the ‘death of several 
« On ‘Iotion, duly seconded, it was ordered that the programme of 
Convention be changed, and that the discussion of professional 
topics” be taken up at 2P. M., July 8th, and that the Reception and 

‘Ball take place in the evening of that day. 


"Third Session, ‘Thursday, July 8th 1909.—The meeting was called 
." order at 2.45 P.M. .; President Onward Bates in the chair; Ga. 
Warren Hunt, Secretary and present, also, about 60 members. 

Discussion on the topic, “Fire Resistant Construction of Build- 
ings,’ was opened by a communication from Herbert M. Wilson, M. 


Soe. C. E., presented by Richard L. Humphrey, M. Am. Soc. 0. E 
The topic was discussed orally by Messrs. R. W. R 
Humphrey, and S. Whinery, 
Discussion on the topic, “ “Impurities in Sand for Concrete,” was — 
opened by Sanford E. Thompson, M. Am. Soc. E., and was ‘dis- 
cussed further by Messrs. R. W. Lesley, Ss P. Howard, RL. - Hum- 
phrey, G. Ss. Davison, Ss. ‘Whinery, C. M. Mills, A Richardson, and 


The third topic” for ‘discussion, ‘ 
that the Oiling of Roads is is the Most Satisfactory or Economical 
“Method of Preventing Dust and - Preserving the ‘Road Surface?” was 
presented by S. Whinery, M. Am. Soe. C. Ez, , and | was discussed further — 


+See page 272, 
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MINUTES: OF MEETINGS 


_ OF THE BOARD OF DIRECTION 


in n the chair; ‘Chas. Warren > 
and present, ‘Messrs. Harrison, Kittredge, Knap, 
Macdonald, Noble, Stuart, ‘Swensson, Thompson, Tillson, 
_ Ballots for Membership were canvassed, resulting in the election of 

18 Members, 21 Associate Members, and 18 Juniors, the transfer of 

8 Associate Members to the grade of Member, 1 Junior to the pil 
of Member, and 4 Juniors to the grade of Associate Member. oe 

| JA report of the Board to the Society on the method of the —_ 
| ment of the Nominating Committee was considered. 
Director George W. Kittredge was appointed to represent 
Society at the Inauguration of Richard Cockburn Maclaurin, 
President of the Massachusetts ‘Institute of Technology, to be he ld 

June 7th, 1909. 


Applications: were considered, and routine business was 


= the matter of the method by which the Nominating Committee 
‘is appointed, was held at 8.20 P. M., July Ast, 1909, ‘President Bates in 
the chair; Chas. Warren Hunt, ‘Secretary; and present, also, Messrs. 
‘Hazen, Pegram, Stuart, Tillson, and Williams. esi 


Ballots for Membership were canvassed, resulting in 


of 24 Members, 29 | Associate | Members, ‘and 12 Juniors, and the transfer 
of 11 Associate Members to the grade of Member, and 9 Juniors to the 7 


A report of the Board in the matter referred to it by the Annual — 


leeting, concerning the method of the appointment of the Nominating 


July 6th, 1909.—The Board met, as required by the Constitution, 
at the Annual Convention at ‘Bretton Woods, N. H., at 8.50 May 
6th, 1909, ‘President Bates ‘in the chair; Chas. Warren Hunt, 


‘Secretary; and present, also, Messrs. Brackett, Churchill, Hodgdon, 
Horton, Pegram, Stearns, Stuart, Swain, Swensson, Talbot, Thompson, ™ 


Matters of general interest were discussed 


Adjourned, 
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“REPORT IN FULL OF THE BUSINESS “MEETING [Society 
_ REPORT IN — THE FIRST SESSION OF THE FORTY-FIRST 
“s ANNUAL CONVENTION, AND OF THE BUSINESS MEETING, | 
AT THE MOUNT WASHINGTON HOTEL, 
N. H. | 


— 


FIRST SESSION 


Tuesday, 1909.—The ‘meeting was called to order at 
10 A. M.3 John W. . Ellis, ‘M. Am. Soe. C. 4 E., in the chair; Chas. 


Warren Hunt, Secretary ; and present, also, about 300 members and 


_ order has been assigned to me, and I do now declare that the Annual 
Convention | of the American Society il Engineers 

The prim and ready for 


member ¢ and his family enjoy themselves to the the utmost peciory ‘during: 


the days of the Convention. In order to have you your hearty co-operation, 
‘the committee would be pleased 1 to have the Secretary, Mr. r. Hunt, ‘make 
a a few an announcements. 

‘Tue SecreTary.—Mr. in the programme for 
to- o-day there i is scheduled : an excursion yr Ri Crawford Notch. The 
‘members of the local committee are not only expert in making you 
happy, but are “also weather- “wise, and they have decided that this 


would be a very good to go to the top of Mount Washington. 


let those 0 to he top of Mount to- 
instead of later. The train will accommodate about two hundred, and 
if there are more than that, the remainder, as well as those who have 
been up the mountain and do not want to go again, ¢ can ‘go on the 


o’clock. Tickets should at ‘the hotel office here, are. re 
$3 each for the round trip. Notch 1 trip requires that 
you leave the hotel at 12.45 p. . .. and the purchase « of a ticket at the 
e: hotel, which i is 50 cents, and then pay your carriage fare, which is $1, 
to ‘the carriage agent. i The trip to the Crawford Notch is described 

original the Boston Society of Civil 


after the close of the “Convention, yoy later, ‘will be glad to 
furnish facilities to our members to visit any ‘engineering works in 
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is very desirous of how many 
take. advantage of this « offer, and therefore it requests that all such 


kindly, at office, or names to Mr. 


old mountains which are to be had in the State of 
shire, and the American Society of Civil Engineers is to be congratu-_ 
- lated that we have with us to-day the Chief Executive of that State. 


~ 
77) 


ae It is with the greatest pleasure, and I consider it a special peer 

if that I am able to introduce to you one who some forty-six years’ ago. % 

cal was associated with me in the acquisition of knowledge i in an a 


tion of this State. 
. He has acquired knowledge; he has had preference accorded to him, Zz 


and it is my : privilege to introduce to you. at this time Governor Henr 


Quinby of New Hampshire. 
GovERNOR QUINBY —Mr. Chairman and gentlemen: As Chief "Address o of 
E xecutive of New Hampshire, it gives | me pleasure to extend a cordial fe - —— 


weleome to our ‘State to the American of Civil Engineers. I 


but not the least, of those three reasons, is that I consider you your - profes- 
sion the chief factor i in the building up of this great snuaney of — 
American engineer recognizes ‘no difficulties too great. to 
termination; and the achievements of the American engineer are 


good as an engineer in n charge our State’ and the 

and in widening the fame of our nation. 

overcome. ’ He not only initiates but he carries s through to a 


known to the civilized world. I am glad to welcome you here to this 7 
particular spot of our beautiful State, surrounded as it is the 
magnificent hills in which we take so much pride. Pe: ag 


ot q At the entrance” to two of these defiles have been placed stone 

are the — E ungineer of the Universe, feel that 

t the 

is $1, its gaze fixed upon eternity as i 
wibe and : and yo you will as you gaze, the ev ents 
— that have occurred since he was placed on guard, ages and ages ago. = 


| 


= But, ladies and gentlemen, I feel it honor enough to meet this 7 


distinguished body. I do not feel that I have the right to o take up the 
- time which you might better devote to seeing the beauties of | these — 
gions. I believe that as you from here your visit the White 


Hi Us will be forever a pleasant memory, and J I 
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Onwarp Bates, Present, an. Soc. ©. —Your Excellency: In 
‘the name of the American Society of Civil Engineers, I desire to 
—_ you for your cordial greeting and the tribute which you have 
paid to our profession. We are now prepared to enjoy ourselves. We 
have concluded that our Society has made a wise choice in selecting 
“this: place for our Convention, and gracious words have e con- 
on. We are now going to feast our eyes on this _ 
breathe this delightful air, to drink your 
‘mountain: water, per to e enjoy to the full this wonderful hotel, with 
all its comforts ; and, for the present at least, | We shall forget that we 
will e1 ever have to leave here, but when that inevitable time does come, 
we shall _take with us pleasant enduring memories of 
Bretton Woods. 4 
The President then delivered the Annual Address.* 


BUSINESS 


Meet Wednesday, July oth, , 1909.—President Onward Bates in the chair; 
; ee Warren Hunt, Secretary; and present, also, about 150 members. 


THE Presipent.—The ‘meeting to order. The first item 


which have b received from ‘members. 7 
Place THE SecreTary.—The following” is a ‘report of the 
Convention received from members of the Society as to the time and place for 


the next Annual 


Dalath, Minn... Boston, 1, Mass... 
Francisco, Cal... Niagara Falls, 

Isthmus of  , W. ¥......... 


d, 
Total umber of suggestions received, 26 268, as follows: 


N. 


Beet, Mackinac Island, Mich..... 4 
received three votes 


St. 
Salt Lake City, 


| 
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have received two votes | eac 


‘Atlanta, Ga. 


Havana, Cuba. Sault Ste. Marie, Mich. 

‘Virginia Hot Springs. Indianapolis, Ind. a 
‘Montreal, Canada, Minneapolis, Minn. 

Old Point Comfort , Va. Ottawa, Canada. — 


“The following places have received vote each: 


Asheville, N. C., or some suitable San J uan, Porto Rico. 
in North Spokane, Wash. 
Carolina. Vancouver, Canada. 
Bar Harbor, Me. Yosemite ‘Valley, Cal. 
Boise, Idaho Watch Hil, RI 
Catskill Mts. Yellowstone National 
Chattanooga, Tenn, New York State. 
Colorado Springs, Colo. Some mountain hotel between 
Delaware Water Gap, | Pa. Asheville and Lake Erie. 
Fort Smith, Ark, Any place west of Pittsburg that 
Galveston, Tex. has adequate accommodations. 
Great Falls, ‘Mont. One of 1 the fi finished ‘and operat-— 
‘Honolulu, Hawaii. i ing reclamation p projects. 
Kansas City, Mo. Some point in Western Europe. 
Lake Mohonk, N.Y. Grand Cajion of Arizona. 
Mackinaw, Mich. Charter Lake Steamer visit 
Madison, Wis. Cleveland, Detroit, Soo., ete. 
Mammoth Cave, Ky. point on the Great 


Ja anuary | 


February 


o 


‘May (ail anaes of May are represented in this count).. 


‘Second week in une. 


Any part of June... BB 
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REPORT IN FULL OF THE BUSINESS MEETING [Society 


as follows: 
‘Early, of J uly.. 


First, half of Tuly 


Any part of July. ‘81 


“16 5 members have no choice. 


June and early July. 


‘Latter part June, , 


Usual time......... 
April or 

Most suitable season........ | 
Early “summer... 


or August..... Cool season................ 

THe Preswext.—Gentlemen, you have heard the 

votes from members at large. 2 It is for you to take action on them. _ 

JOHN F. O’Rourke, M. Am. Soo. C. move om the matter be 
referred to the Board of Direction. re) 


C. H. KEErer, M. Am. Soo. C. —Mr. President, would like t 


the Society — inclined to = us we should 


hoi 


our Capital, the headquarters of the Government, 


Government Engineers being there. dare | say, that. there is a 
great deal that would be of interest to them, a great deal 0 
information that might be obtained in the matter of the different 
buildin s and public works to be visited. There many things 

- which would be of interest to the m members, and at any time that might 

be. convenient—I do n not know whether or not it might be -convenien 


t 
meet there next year, they should come next year or 
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year after, « or even the year after that, we would be. very glad to wel- 
come our American cousins and d the members of our Society, 
_F. P. Srearns, Past-Preswent, Am. Soc. C. E—Mr. President, 
have no suggestion to to the Convention for 1910. 


_ there the year a: after, which would give a great deal of pleasure to those _ 
who could go go. 
_ The best ; time to visit Panama is in the spring. ‘That is the dry 
Season. The temperature does ‘not vary from ¢ ‘one season to another, 
but the dry season is altogether the best time to there. 
In order to escape the cold weather here, February or March 
would be the best month. _ The work there is enormous, and will be in 
full swing by 1911. I am not in a position to invite you to go there, " 
but I want to call your attention to the advantages of such : a trip. I 
| hear of many engineers who say they intend to go there while this 
great work is in progress. is not only the great wi work that is tot be 


seen, but. there is to be seen what the American engineer can do in 
: the organization of a strip of territory in the tropics so that work can 7 
be earried on on in a thoroughly efficient way. 


There is a good hotel there on the Pacific side, at Colon—the _ 
~ Hotel Tivoli. _ I do not know its capacity, but it will hold a very large _ 


number. — ‘It has_ a parlor large enough for a meeting room for an 
audience of this size, in fact, ‘think | that i in every way Place 
ip, but 
I én on could be made on reasonable terms , especially if we 
- should be able to use some of Uncle Sam’s ships. mans 7 
The climate ate is comfortable. e. There is no danger, I believe, to the 
health of anyone ‘one who go goes there, and I think it is something we should 
look forward to at the proper time. 
H. M. Am. ‘Soc. C. CE. —Mr. President, I move an 
id | amendment to Mr. O’ Rourke’s motion. I like the suggestion that has 
years been made that a boat be chartered on the Great Lakes to visit from 
ne e to place to place. 7 I think it would be very” interesting and very appro-- 
, and 4 priate. I move, in amendment to Mr. O’Rourke’s motion, that a — 
is a clause hs added to > it that the Board favorably consider that suggestion. 
al of 
ferent to be any ouain to that amendment. Is there any further discussion — 
things on the original motion! 
mighit Arruur Hiner, M. . Soc. C. E—Mr. Chairman, it seems to me 
enient that it is a long time since there has been a Convention i in the South, 
or the and I think the members of the Society ‘would enjoy what they might — 
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_ Time and Place see a iiiateahiias I would suggest that they consider—and that the 


Convention Board of Direction consider—very seriously the matter of having the 


next Convention at New Orleans. 


io I feel assured that the members, and especially those from this 


has suggested going if to 
— could be made next peer, instead =) in 1911, why, from New 


that the Board a will “seriously 
‘matter of having one of the c conventions down in the South, and TL 
believe that if they y decide to have the next one t there, in the early 
part of the season, in . April or May, while everything is frozen up here, 
it would be a delightful trip to members from this section of the country. * 


e THE PRESIDENT. —Any further suggestions or discussion on this 
motion? — The motion is that the question of ‘ Ghoosing the place and 
time ‘ier the next Annual Conv ention be referred to the Board of 
Se | All in favor of this will signify by sayi ing “aye”; contrary, 
“no.” The motion is. carried. 
d 


“The next item is a report of the Board of Direction on the metho 
of appointing the Nominating Committes. ‘This will be read by the 


Report of 
_ Board of 
Direction on 


Method of Secretary. 

q Commies To the e Members of the 

American Society oF IL ENGINEERS: 


P At the Annual Meeting of the Society, J anuary 20th, 1909, the 
following resolution was adopted: 


mittee of the Society has, proved to be unrepresentative 
and unsatisfactory, and 
“Whereas: Section 2 of “Article VIL of the Constitution 
that the Board of Direction may prescribe the mode of procedure for 
appointing the Nominating Committee, therefore be it 

— “Resolved: That the Board of Direction be requested to give further 
consideention to the whole subject of the method of nominating officers © 
for the Society; and particularly to the present mode of procedure in 
_ ascertaining and recording an expression of the corporate membership 
er to the choice of members of the Nominating Committee 


in the several geographical districts; and to report its conclusions oat 


recommendations to the next “Annual Conventi of the Society.” 
“The Constitution, VI, ‘Section 2, this 
“subject as follows: : 4 

AE the Annual Meeting of each year, seven Corporate 1 Members, 
not officers of the Society, one from each of the geographical districts, 


« 


shall be —— by the meeting to serve for two years; who, with 


om, 


| 

= 

4 
3 

a 
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‘the five living last Past-Presidents of the Society, shall be. a a com a 
‘mittee to nominate officers for the Society. 
_ “The Board of Direction may prescribe the mode of procedure for 
appointing this Committee, and fill any vacancies occurring. = a 
“The Committee so appointed shall meet at the Annual Convention — 
of the Society, and nominate candidates to fill the offices, named in 
Article V, so as to provide, with the officers holding over, a Vice- — 
President and six Directors residing in District No. 1, and. ‘twelve 
Directors divided equally, with regard to number and residence, among” 
the remaining districts, Nos. 2, 3, 4, 5, 6, and 
“A list of nominees for the. offices to be filled at the next Annual 
Election shall be presented by the Committee to the Board of of Direction 


within n ten days | after the nominees have been ‘selected. P Derry 
In addition, Article Vi Section 4, says: 3: “At any time before 


the first day of December, any ten or more Corporate Members may ‘send a ‘ 

to the Secretary additional nominations, signed by such me 

The ‘present mode of procedure for appointing the Nominating 

Committee i is as follows : 

In the first part of the month of December, sug gestion slips are 

“sent out by the Secretary to all the e Corporate Members, the slips merely 7 

requesting suggestions of suitable persons for members of the Nominat- 

ing Committee. Said slips are returnable e on or before the Annual 
Meeting follow suggested ‘names are then tabulated, and the 
person receiving the largest number of suggestions in a district is 


appointed by the Meeting ona regularly 1 made motion. 


After careful consideration | the Board of Direction has adopted | 
procedure to go into effect” this year a as follows: 


A Preliminary and a Final Suggestion. _ a 


. A. preliminary suggestion slip to be sent out on mon fore 


Ist and returnable on or before Novembe 


er ‘Ast. 
atative . This suggestion to contain an ‘that the 
membership will not neglect this important duty, and a state- 


a new mode of. 


ovides 
: | ment of the great importance - of selecting the right men for” the 7 


further 3. All 1 the preliminary suggestions received to be tabulated and the 
officers pet of the t three candidates i in each district receiving | the highest 


lure number of sug; suge. vestions determined. 


4. A final suggestion slip to be sent out at least thirty days before _ 
the Annual Meeting, as heretofore, giving the three names in each’ 
district resulting from the preliminary suggestions; ; and also stating 
that any other eligible member of the Society may be suggested. 
OB The final suggestion slips. to. be then dealt with as at present, 
| Viz. the result reported to the Annual 3 ‘Meeting | 


fembers, By order of the Board of Direction, 
listricts, 


munities 
on this 


this 
een, 
» to 
Yew 
the 
lope, 
ntry. 
“this 
and 
trary, 
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“Report THE matter of the method of choosing the Heni- 
nating» Committee is one that is part of the Board’s duty. was 


Coma referred to the Board, and, after full consideration, , the Board decided — 


to change its method, as has been stated in the report. not 


7 think that any action can be taken by the members on this report. It 
cies _ The next business is the Report of the —" Committeee on the 
gapeclal st Status of the Metric System. This report was published in the 

Status of Proceedings for October, 1908. Since then we have received a discus- 
System. sion by E. P. ‘North, M. Am. 0. who is not present. This 
‘discussion can be printed in the Transactions, if accepted by the 

- 7 Committee on Publications. It will be in order, therefore, to refer 


your pleasure the 


— 
THE think, Mr. 
‘ought to be made. 
published in the October number ¢ of of per at 


the Annual Meeting the Secretary understood from the committee 


"ingly discharged. the committee. The committee: had no 


ported the the Board of Direction, peers “the unk using 
power vested in it, and using its discretion in the matter, re- 
appointed ‘the committee. So the committee is still in 1 existence, and 
_ the report is a progress report. | 
I do not know that there is any necessity for ileal up this 


"report at this time, but the action of the Annual Meeting» was taken 


without an exact knowledge of the facts, due to the error of the 


_ Secretary . The progress report having been published in the Proceed- 

and, if. the committee should want to report again, I “suppose the 
> ‘matter could come up again. 


‘STROBEL, M. Am. Soc. C. E—Is this committee co mntinued | 


Tue Secretary. —yY es, sir; the the of ‘the 


. ‘committee, was that ; it should be appointed to report from time. to time 


on the “Status of the Metric System.” 


ts 
> Mr. Szaman— —May I ask how many years this is to be continued! 
Tue SEcrETARY.— —My recollection is that—I can correct it in the 


ND: final printing —this committee has been in existence ak about a year.* — 


Mr. ‘Seaman.—How about the previous 


Secretary.—It kad no previous existence. 


#* This committee was appointed in January, 1907.—Secretary. 


isamatter forthe Board. 


that it wished to be discharged, and so stated, and the meeting oblig- 


ings, ‘it does not seem at all “necessary to take any action about that, 


al 


i 
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REPORT IN FULL OF 
Mr . STROBEL.— —We have had a Committee on the Metric System for ley - 
‘many years. It may not have been this committee, but there has been ' 


a committee on it, Am I wrong? 


HE SECRETARY. —I think y you must mean some other society.* 


THE Presipent.—Gentlemen, we have the progress report of the Progress 


Report of © 


Special ‘Committee on Concrete and Reinforced Concrete. This is “gpecial 


published § in the 1e Proceedings for February, 1909, with a statement that Committecon , 


“this - report has not yet been placed before or meal by the Society. _ Reinforced 7 


Concrete. 
Its discussion has been made an order of business for 1 the next Annual aia) 


‘Convention, July 6th- 9th, 1909, and Ww ritten communications concern- 
ing it, received before that date, will be published in Proceedings.” 


‘Since then we have received \ written John Stephen Digoussion on 
Sewell, Clarence W. Noble, and S. Bent Russell, Members, Am. Soc. ey : 


& E. Have y you those discussions here? Comtnittee on 


THE Srcretary.—Yes, sir, I have them here. 


Tue Presipent.—Those discussions can be read , if desired. The © 


G. F. Swany, M. Am. Soc. C. E.—Mr. | Chairman * move that these 


report is in your hands for action. 


discussions be read, unless they are too long. rower te 7 
Mr. O’Rourke.—Who is going to pass on the length? © ‘There i is a 
‘motion made, and I will ‘second it, that they be read, if they are are = 
toolong, 
Tue Presipent.—The members can | decide that as they hear them. an : 
The Secretary read discussions s by Messrs. Sewell, Noble, ‘and 


— THE SECRETARY.— ‘That is all the written discussions BI! have, sir. 


THE Presipent.—Gentlemen, this ‘report is before you, 

taken Rourke.— President, twenty-two years ago 
concrete enlarging the sides of one of the old 
ceed- piers built for the Poughkeepsie Bridge, to conform to a new design. 
that, — I w rote a paper on the subject, and it is in the Transactions for 1887. 
e the since that time I been using concrete, more or less re- 


- — inforeed. — Some of it is being used now in the s same manner that 
i buckle- plates are used. is used to take the place’ 


units—we will call them—of construction. 4 


of the Now, I have no faith whatever in reinforced concrete as a unit 7 
» time material. Iti is a combination, and I object to any report on reinforced | 
concrete, taking it as something like steel or wood, or something that 


you can depend on, and know that you are getting results” which will 
correspond with data that you have on the subject. There are no two 


* A Special Committee to ‘‘report a form of memorial to Congress, in furtherance of 

2 adoption of the metric standards * * *,’’ was appointed in February, 1877, and made 

eports in April and November, 1877. On February 6th, 187 8, the following resolution was 

a ol opted: ‘Resolved, that the further consideration of the metric Sys stem of weights and 
measures be indefinitely postponed.”’—Secrelary. 


bi ” ill be published in the September, 1909, number of Premutingn, 
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"Discussion on mixtures of conerete has skilfully “mixed, n 


Report of matter. what the material is, and there has been no yet that 
d 


large temperature strains which exist on the surface of reinforce 


Reinforced conerete, or are going to stand the test of time. 


Concrete. 


reinforced concrete whet you think i it is; pen “all 1 to say is s that 
American Society of Civil Engineers i is departing from its old principle 
of standing by the things that they know, and not depending on the 
things that they do not know. my opinion 

Worcester, M. Ax. Soc, C E. —Mr. President, if it is in 
order, I would like to present a little discussion of the minority 


4 
report. I presume that is also under consideration. 


‘Tue Present es, sir; "5 won’ you come e forward and face th the 
Mr. Worcester read his discussion.” 


A MEMBER. —Mr. I President, in order to carry this discussion along. 
- intelligently, permit me to suggest that - you take up ‘the sections of the 
report for discussion, to to prevent any confusion of ideas by going along ~ 
the entire report. 
THe PRESIDENT. thik that would have to. come up in the form 
of a motion. This report has not been ace repted | by the Society. It is” 
merely for discussion, as I understand it. The publication 
‘ is headed : “This report has not yet been placed before or accepted by 
Society. Its” discussion has been made an order of business for 
the next Annual Conv ention.” That i is, for this meeting. _ Therefore, 

iti is for you, you, gentlemen, to. determine what you will do with a 
Jounson, M. Am. Soc. C. E.—Mr. President, it seems pretty 
clear that this n matter has had very careful consideration by : a -eom- 
mittee which this Society may very well trust. 
As I understand it, all that is asked is that this report be accepted 
the same as the progress 1 reports on the tests of cements have 
- been accepted in the past. Its seems to me that nobody s supposes that 


& committee on the testing of cement has yet reached a conclusion 


not subject to o change—to s say ‘nothing of the finish of their investiga- 
tions at the time they reported. = It seems, then, as a parallelism with 

this cement testing, that it is only proper and natural that this care- 
fully thought out — of results § ata be accepted and put on record 
where it can be seen, 
do not think anybody will them. 
‘not think serious people will misunderstand them, and reckless people 
will not be governed by them. Pe rsonally, I would not | say that I 


would endorse every conclusion. I do not think I would agree with all 


Will be published in uhe September, 1909, number of Proceedings. 


‘That is, I 
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that the committee says on cement testing. I would not feel bound 


he to: accept eve ery ‘one of their , but, as a collection of 

ed data embodying the most careful present- -day practice in the use of ; 
reinforced concrete, it seems to the Society would be 
ot an opportunity by not putting this matter in its permanent archives. 7 

ke sit is very closely akin: to the e standing | recommendations m by 

he the practitioners of Europe, especially the German practice, where 

ole ; ti ake it that reinforced concrete has been carried to a degree of practi- 

he -eability 1 that this country cannot surpass, if it can be equaled here. = 


se . It seems to me that it is very proper that this report be accepted, 7 _ 

and I make that motion, Mr. President. 

Motion duly seconded. 

THe PresIDENT.—Gentlemen, you have heard the motion. 

cussion upon it? The motion is that the majority report be ae 
motion is before the house now. | 


Ar 
Le SLEY, Assoc Am. Soc. 6. E- 


“progress? 
JouNnson.— be taken as a report of I also 
_ the committee be continued, and that the report be published. — 

Tue Presipe NT— —it has been suggested that it would be better that 


the motion should read that the ‘report. be received and ordered printed 


JouNsoN. —That i is satisfactory to me. 


THE ‘Pre SIDENT.— 
just been read? 
Jounson.— should think so, if the other discussions stand. 


d 


Tue Present. —And the committee to be continued? 
A Memper.—Does it include the minority report 


_ Mr. -G. F. Swar.—Mr. Chairman, I sympathize entirely with the 


views expressed by Professor Johnson, but I think the minority report 


ought to be printed, if only as a discussion, 3 in line with the other 


discussions that have been received as to the majority report of the 


sions as s submitted should be submitted to the committee, and that 


committee should be g given an opportunity to. write anything it pleases 


ine connection with this original report, in order to make the matter 
complete in ‘the final | re port, in the Transactions. 


Ricrarp ‘L. M. Am. Soc. C. E—I also. ‘suggest that 
other discussions which come in ‘later follow the same course of pro- 
at cedure that the Secretary has sug gested. One of the objects in pre- 


bh all 


senting this report was to draw out discussion which would be helpful © 
: w the committee, and I wish to say that I do not believe that any of 
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; | Digan the discussion which has been heretofore receiv ed has been of a con- 
eport 0: 


Special structive character. There has bsaoribnes in the discussions, nor are 
on there any suggestions, in the light of bettering the report of the 
committee. The discussions which the committee particularly desired 
is to h have are those which would suggest improvements in the report 
itself, and I believe the , purpose | will be served if the e discussions, as 
they come in, be referred to the committee and published. 2 : 
a | would like to say, also, that there are some typographical errors 
in the report, and these the committee would like to have corrected ; 
‘for instance, there is one in which the angle, the bent- -up angle, reads 
15°, whereas it should read, 45°, just as Captain Sewell suggested. ; 


It may ” a matter of interest to state that this committee was by 


Way prmaeweenitig pas of the Society for Testing Materials, ‘and it 
might be interesting to know that of the total membership | of that — 

: —committee—some thirty- three—twenty- -seven were for the report, four 
= against it, and two did not vote; and, of the twenty-seven members 
who voted for the report, twenty- -five were members of this Society. 
Tur Preswwent.—Are yor you ready for the q ques estion? Those in favor 
the motion will signify it by ‘saying: ‘contrary, “ no.” ‘The 

ed. Secretary has a paper which he desires 


Tue SEcRETARY.— _The forgot to the following 


‘San Francisco when the matter of the time and pla r the Annu ntion 


Am. Soc. C. E, Was up: 


San Francisco, Oat., June une 28, 1909. 
“CHARLES Warren Hunt 
Soe. C.E, 
W. 57th St., 


- York Cit 
ew York City. 


“At the regular bi- monthly meeting of the San Francisco Associa- 
tion of Members, the matter of the Annual Convention of 1910 was 
eee at length and it was unanimously. resolved _that—inasmuch 


important “engineering 
San Francisco, America’s eighth city in population and wealth, famed a 
the world over ‘for its generous and well-ordered hospitality, has already, 
three years after utter physical ruin, eclipsed its former self with 
larger and finer buildings and better and cleaner streets, and will by 
next year present facilities for varied entertainment unrivaled by those 
of any other place—the Society should be cordially invited to hold 
its Annual Convention in this City in the autumn of 1910. In ex- 
tending this invitation, |, we respectfully invite your attention to the 
following works, constituting a few of the attractive features that 


would attend an excursion of engineers to San Francisco: 


| 
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— Francisco and its immediate suburbs, in addition to the 
latest types and methods of building construction and equipment, , and | 
latest developments in connection with public service, are to 


rs] “REPORT 1 IN FULL OF THE ‘BUSINESS MEETING 


seen the latest improvements in dock construction, the immense dry- 
dock and ship-building plants at Mare Island and Hunter’s Point, 
and the Union Iron Works (where the U. S. Battleship Oregon was 
built), the electrification of the extensive suburban lines of the 
Southern Pacific Company, the electric power plants at Martin Station, 
South San Francisco, with its three 5 400- ves gas-engine units, and, — 
at Oakland, where a ‘single Curtis turbine unit of 9 000- kw. capacity — 
is in successful operation, 
“Short excursions may be arranged to include with convenience _ 
visits to the following points of interest: The plants of the Pacific 
Gas and Electric Company Electra, with a capacity of 2000 kw., 
under 1 460-ft. head; at de Sabla, with 14 000-kw. capacity | under a 
1 530-ft. head; at Centerville with a 5 500-kw. Francis turbine operat- 
ing under 590- ft. head (the highest in the world) ; the high-tension _ 
(60000 volts) circuits from Electra and de Sabla are, respectively, 
“The plant of the Great Western Power Company near Oroville, ¢ a 
60 000-h.p. installation with about 160 miles of steel towers carrying 
two transmission circuits with a eapacity of 100000 volts each; 
— “Gold- dredging work 1 near Oroville and Folsom with twenty-four 
_dredgers representing an investment of $7 500 000.00 in machinery, 
working gravel which produces 6 to 10 cents per cubic yard at as high 
a rate as 300 “2 cu. yd. per month for the largest dredgers at a cost 


a “Smelting works sat t Selby’ s, near San Francisco; the copper smelters 


at Kennett and Coram, and the celebrated electric furnace at |] a 
“Three large Portland cement plants within fifty miles. of San 
Francisco; the immense petroleum and asphalt industries of Kern, 
Fresno, Santa Barbara, Los Angeles, and Orange Counties. 
“Farther “removed from San Francisco, but easily accessible en 
route, may be mentioned the Owens River Aqueduct construction work 
| in Southern California, the Klamath and Orland irrigation works in 
Northern > California, and the Yuma and Roosevelt Dams. | ae 
- “San Francisco is the center of the many beautiful pleasure and 


of less than 2 cents cubic yard, the annual 
1000000000; 


ical, 
rior scenic resorts along the coast and in the mountains of California. 
ring These points of interest are so well-known that further wens to 
has ‘them need not be made 


med Francisco’s equipment, both natural and artificial, enter- 
taining guests | is certainly unexcelled ; the weather is fair and balmy, 


comfort and delight. ~ Among scores of good- sized, first-class hostelries 
and many brilliant cafés, this City has “three of the largest and most — 
modern hotels in the world, steel frame, fire- -proof construction, the 
best of service, and very moderate rates. The many theaters are of 
beautiful architecture, steel-frame, fire- 
“We submit that in 
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letter trom opportune that the So iety favor San Francisco with a visit, and we 
San Francisco 


Association cal assure the members that they will have set before them such a 
oe Soe. C. i. feast of reason and observation and flow of soul that they will of one 
accord declare convention to be the ever held 

the Society. 


“We send you under separate cover, with our compliments, birds- 


year, which will afford some idea of 
been done to reclaim the vast area of ashes and ruins that resulted 
from the fire of 1906. _ We also send you a small map of California 
on which are indicated the locations of some of the engineering works 
of interest in this vicinity. 
_ . “Trusting the one hundred and ten members of our Association, 
together with» the balance of the three-quarters of a million people | 
residing in San Francisco and its immediate suburbs will have the 
pleasure of entertaining the Society during the ‘Autumn of 1910, 

“President. 


“Secretary.” 


Letters from * have an the May or of Milw vaukee, from 
ayor and . 


‘Citizens’ Busi- the Citizens’ Business League of Milwaukee, to 1 hold the next Con- 


ness League of 
vention in that city. 


ig also have to announce, in the regular order, the followi ing elections 


Announce- 
transfers by the Board o of on the 1st of 
a It may be interesting to state that there are eighty-five names on 

this list, and that they come from twenty-nine of the subdivi isions of 

_ the United States, three from the subdivisions of. ‘Canada, two from 

| Mexico, one from New Zealand, one from England, one from Panama, 


and one from the Philippine Islands. _ 


~ also have to announce, Mr. President, w with veavet, the following | 


deaths 
The programme says, We. President, that to-morrow evening there 


_ will be a meeting in this hall for the discussion of professional topics, 
‘eoeee ladies, and several of their admirers, and requested to say that it would 
please them ver ery much if we would po postpone the topics until Friday 
% night, and have the ball to- “morrow night, instead of Friday night. So 
IT move that we ‘substitute for the discussion of topies to- 
= programme | that was arranged for Friday | night, the Reception and 
Ball, on Friday night that which was for to-morrow 


‘+See page 272.0 4 
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Motion duly by Mr. Hatton. 
Tur Preswent. It i is before the house, and ¢ open for. discussion. 
Mr. Worce ESTER.— —Mr. President, it seems to me that that is doing 
“great justice to the ladies and their admirers, but hardly fair justice 
“A to the members of the Society who have ‘interest in the ae 
topies of the Society. — I think that a great many have made their 
plans to attend the ‘meetings of the Convention, and have not made. 
plans to stop over for the social portion on Friday, and I think it 
would be hardly fair to them to put them off in this w way. 
ag 8. Wuinery, M. Am. Soc. C. ze Mr. Chairman, would there be 
any objection to holding meeting for this discussion to- morrow 
_ afternoon, in order to accommodate the members sienial wish to to go away - 


early? merely for information, 

‘Tue Presipentr— t think the meeting can 1 determine that. 

Mr. O’Rourke. —Mr. Chairman, t talking to the motion, I think 

‘that these conventions are intended for two things: first, the discussion : 

of the same things that we are discussing all the year, and next the 
meeting with | one another which we get once a year. Now, a | great 
many people are going on Friday, and will not be here on Friday 
night, and it is all right to say that you can discuss, and you can 
work, : and you can grind, but it is said that Jack is a dull boy unless = 
he gets a little play once in awhile, and I think this is a case of y 


in —-* our who come to enjoy them- 


‘adie their innings -morrow night. . I do not see harm there 


is in havin, ing e that Reception to-1 -morrow night instead of waiting until 
most of the people gone home; any way, ‘this is first on- 


they like at any time they wish, I think, in justice to those who are— 
not members themselv es, but are the members’ bosses, that we should 


them. have their innings | to- -morrow night. 


SECRE —Mr. Preside nt, would there be any objection to 


having this meeting for the discussion of professional topics. to- -morrow 


afternoon? 


Mr. ‘SEAMAN.— To-mor TOW | morning ? 
THE T ary.—That v was not my question. 
Mr Seaman—I think that we have heen very seriously criticized 


ital because we do not have as much professional discussion as we 
had in former years, and, while I have the deepest sympathy for Mr. 


O’Rourke’s proposition and would be glad to vote for it, think we 
should let other things step aside for professional discussion. We have 


had all day given up to enjoyment, | and plan to give all day to enjoy- 


“ment to- -morrow, and now are asked to give to- -morrow evening 
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‘REPORT IN FULL OF THE BUSINESS MEETING 
for enjoyment, and still - no discussion. I like to have the dis- 


cussion to- ‘morrow afternoon, if = annot_ place to-morrow 


THE SECRETARY. There ‘is ‘no reason why it cannot take place all 


day, so far as I know. 
Mr. SEAMAN, —That is what we ought to have. I ee not think we 


have enough o: of it. 


Mr. “May I ask further—the Secretary in better 
than most of us ‘about the programme, ‘on both social 
business ‘matters—what time to- “morrow would be most convenient, with 
reference both to pleasure and to business, to hold this session, if one 
is decided on@ 
23 Tur Srcretary.—I do not think it ‘makes any very great difference, 
Mr. President, but it seems to me that the afternoon would be the 
po time. There i is ; nothing - to interfere with it in the afternoon. 
Tue Preswent.—What hour would you suggest? 
‘THe SECRETARY. y.—I should say two o’elock. 
Me. Wuinery.— In order to bring it before the meeting, I move 
— that a meeting of the Convention for the discussion of engineering 
topics be held at two o ’clock to-mot morrow afternoon. ene 
THE PRESIDENT. —Mr. Whinery, there i is a motion before the house. — 
Mr. O’Rourke.—I accept the amendment, Mr. President. = 
THE Presipent.—The motion then, as I understand it, is that, 
“ instead of holding the meeting for the discussion of professional topics 


_ to- -morrow evening at eight o’clock, it v will be held at two o’clock to- 


_ morrow afternoon, | and that 1 the time for the Convention | Ball will be | 


— changed from Friday evening to Thursday evening. Are you ready 
the in favor of the motion will it. by say- 


Announce- 
ment. 


wea rw 


his 


Motion to adjourn: duly ‘seconded unanimously carried. 
Adjourned. 
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‘Tue Srcrerary.—t am reminded that I should announce to you 
ae "that the certificates for the purchase of your return tickets are ready 
for you, having been properly viséd by the railroad can be 
obtained at the Se fice at any time. ~ 
PRESIDENT ds all the business for the evening. 
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EXCURSIONS AND ENTEE TAINMENTS 


FORTY-E 
FORTY-FIRST ANNUAL CONVENTION 
_ EXCURSIONS AND ENTERTAINMENTS 


_ Excursions had been arranged by ‘the Local Committee to the | 
Summit of Mt. i. W ashington, to Crawford Notch, and Bemis, and to 
the Profile House. Owing conditions there was 


change in the programme, and the large party which | went to the 
Summit on the afternoon of July 6th were fortunate in securing a 


view. Nearly every one present made the trips above mentioned, 


and many also” visited “The Flume” and drove to the Summit of 


Mt. W illard. These trips, together with the delightful short walks 
and drives, were much enjoyed. 
A well-attended and enjoyable Reception, with dancing, was held — { 
on the e evening of Thursday, July. Sth 
ATTENDANCE AT THE FORTY-FIRST A ANNUAL CONVENTION 
— 


The following members were in attendance. also 


present 145 ladies and others of ‘the families of “members. 7 


‘Aiken, W. A.. Philadelphia, Pa. Carpenter, E. . Yonkers, N. Y. 


Allen, C. Frank. . -Boston, Mass. Chase, R.D. -New Bedford, Mass. 
Allen, C. M... Worcester, Mass. Churchill, C. Va. 
“Clapp, 0. F. “Providence, R. 
‘Codwise, E. B. .Kingston, N. Y. 
‘Conkling, ©. C..Buffalo, N. 


Connor, E. H., 


Allen, Kenneth. .New York City 
‘Alvord, J. W.. .. Chicago, Til. 

Arehbald, ames. ‘Scranton, Pa. 
Arnold, 1 H..New York City 
‘Atwood, W. G.Indianapolis, Ind. 


Auryansen, F. -New York City Cook, J. H.......Passaic, N. 
Cotton, J. P... -Newport, R. I. 
Babeock, W. S. York City” Craven, Alfred... -Yonkers, 
q Baldwin, -Bayonne, J. Crocker, ....Denver, Colo. 
Barbour, F. A. Boston, ‘Mass. 
Bates, Onward..... Chicago, Til. 


Bennett, L. J....Buffalo, N. Y. 
Bensel, J. A....New York City Davis, rz... _ Kingston, 
Beugler, E. J....New York City Davis, .....New York 
Bott, J. Pa. Davis, W. R.....Albany, N. Y. 
Bowers, George...Lowell, M ass. ‘Davison, | .. .Pittsburg, Pa. 
Brackett, Dexter. . - -Boston, Mass. Dean, A. W.. ..Nashua, N. 
Breed, B.. ..Lynn, Mass. Luther. .Taunton, Mass. 
Brewer, ‘Bertram. am. Waltham, ‘Mass. ‘Doten, L. Ss. D. 
«+++ Boston, Mass. > ‘Douglas, Grosse Isle, Mich. 
Urbana, Th. Dutton, H. Waltham, Mass. 


Orange, N. zx Elliott, M.. Culebra, Canal Zone 
Burden, ames. .... . .Troy, N. Ellis, J. . Woonsocket, 
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7 

Eltinge, oO. Kingston, x 

Emerson, G. O.. -Boston, » Mass. 

Farnum, L. N. -New ‘York City 
Edward... .St. Louis, Mo. 
Follett, W. -El Paso, Tex. 
Ford, W. G....Brooklyn, N. Y. 
Foss, F. E. err . Pittsburg, Pa. 
Francis, G. B...New York City 

French, I... Brookline, Mass. 


Gardiner, F. x wW. - Yonkers, N. 


Gerber, Emil..... Pittsburg, Pa. 
Green, B. R. - Washington, D. ao 
Greiner, J. E....Baltimore, 
‘Haines, H. 8... Tork ‘ne 


Hale, R. A.... Lawrence, Mass. 
‘Hammond, G. New York City” 
Hatton, T. Wilmington, 
Hazen, Vv 
“Henderson, J. 


Hanov = 


‘Hartford, Conn. 
Mebert, HL 
N. J. 
H ider, Aten. Greenville, Miss. 
Hill, W. R......Albany, N. = 4 
-Hodgdon, F. W... Boston, 
Hogue, Chester J. .Boston, “Mass. 
Holden, C. A...Hanover, 
Horton Horace .Chicago, Il. 


Humphrey, 


Philadelphia, Pa. 


Howard, P. .Cleveland, Ohio 


hia, 


Hunt, Charles Warren, 


Hyde, , G.. Berkeley, ( Cal. 


Johnson, Cambridge, Mass. 
Johnson, T. 
Johnson, S....Boston, Mass. 
‘Jordan, 
Keefer, OC. H., 


me Ottawa, Ont., Canada 


Kimball, GA. ...Boston, Mass. 


Ockerson, 
O’Rourke, J. = New York City 


. Pittsburg, | 


..Portland, “Me 


King, Jr. New York City 
Knickerbacker, John, 


‘Troy, N. 


Lewis, N. P ... -Brooklyn, 
Lindenthal, G. York City 
Loomis, Horace. York ie 
Loweth, .Chicago, Ill. 
Lowinson, Oscar. Ne ew York 
yler, Tex. 
McKenzie, TH, 
‘Southington, 
Manley, Henry Boston, ‘Mass. 
Manley, L. B.....Boston, Mass. 
Miller, C. H Rock, Ark. 
‘Miller, R. -New York 
Mills, C. M. .. Philadelphie, Pa. 


“Morrow, J. 


Washington, D D. 

Morse, wW. P....Newton, Mass. 
Moses, J. C.. .Cambridge, 
Mott, W. -E....Brookline, Mass. 


Salt Take City, Utah 


St Louis, Mo. 

"Ostrander, J, . Amherst, Mass. 
Ow Montclair, N. 
“Owen, K. D. . -Montelair, waa 


Pegr 


Perry, F W.. ¥. 


New York Polk, W. A.... New York City 


Powers, J -Troy, N. 


G. R. 
Washington, 


Quimby, H. Philadelphia, a. 
—Quiney, C. F...New ‘York City. 


“Richardson, 


Cambridge, Mass. 
Ricker, G. G. N. 
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ATTENDANCE AT 
"Poughkeepsie, N. Y. E, 
Rollins, J. W, Jr, Thorn, A. W....Buffalo, N. Y. 
"Boston, Mass. ‘Tighe, J. Mass. 
Tinkham, S. E.. -Boston, Mass. 
Sax, . Philadelphia, Pa. 


St. Sim, B., Va an 4 L.St. Louis, Mo. 


Seaman, H. B. New York City 


Skinner, F. W. New York City” hie, Pa. 
J. F. - Rochester, N. Wagner, J.C Philadelphi 


Small, G.......Waltham, Mass, Watt, D. Albany, N. 
Webster, G. S. .Philadelphia, Pa. 
M...New York City Wendt. E. Pi 
Smith, J. Waldo. .New York City endt, a. 
Smith, M. H., Wentworth, C. .Roanoke, Va. 
White Plains, N. Y. Weston, S. .Brockton, Mass. 
_Whinery, S..East Orange, N. 
Spear, W. E. .Brooklyn, Y. 
Spofford, ron M. .New York City White, J. Be -New York City 
‘Staniford, White, L. ..New York City 
Stowe, H.C... .Brooklyn, N. Wilson, | P. H. .Philadelphia, Pa. 
Strobel , C. | - Chicago, Wing 
Stuart, Francis Lee, __ Stanford University, Cal. 
Essex Fells, N. J. Woodbury, 
Sutton, Frank, he Boston, Mass. 
Washington, D. Woodruff, EL, 
Swain, G. F.. Boston, Mass. Los Angeles, Cal. 
Swensson, Emil. Pittsburg, Pe Ww 
Talbot, A . Urbana, Til. Worcester, J. R. Boston, Mass. 


Thomas, C. D..Brooklyn, N.Y. = Brooklyn, N. Y 
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ANNOUNCEMENTS 
‘The House of the Society is open from 9 A. M. to 10° P. M., 


every day, « except Sundays, Fourth of July, Thanksgiving Day, and 
Christmas Day, 


MEETINGS 


September ist, 1909.—8.30 P,M.—A At this _mneeting ‘papers will 
be presented for discussion, as follows: -“Conerete Piles,” by Howard 
J. - Cole, M. Am. Soc. C. E., and “Hydro- Electric Power in Canada,” — 


by Cecil B. Smith, M.  # 


AA tic =; 
‘These papers were ‘Procendings for May, 1909. 

_ September 15th, 1909.— - —8.30 P. M.—Two papers will ‘be presented 
for discussion, as follows: “The Use and Care of the Current Meter, 
as Practiced by the United States Geological Survey,” by J ohn C. 
in Assoc. M. Am. . Soc. C. E., and “Walnut Lane Bridge, hae 
delphia,” by George S. Webster a and Henry H. Quimby, Members, 
These papers are printed in of Proceedings. 

October 6th, 1909.—8.30 P. M. _ this meeting two papers w ill be 

‘presented for discussion, as follows: ie “A Review “of Chicago Paving 
Practice,” by Green, Assoc. M. Am. Soe. C. E., and “The Puri- 
fication of the Water Supply ‘Pennsylvania, a,” James 


These papers are printed i in | this nu number ra oheeaiaa 
October 20th , 1909.—8.30 P. .M.—A ps paper ser by Chester Ww. 
Esq., on “Characteristics of Modern Hydraulic Turbines, will be 


This pa paper is printed i in number of ‘Proceedings. 


PAPERS | AND DISCUSSIONS 


The ‘first and second olumes = ransactions f for (Volumes 
LXII and LXIII) have been issued. additional volumes will be 
— and others take part in the dis- 


meetings will be sent in at the earliest after the j issue 
- of a paper in Proceedings. _ The issue of volumes of Transactions is 
dependent on the closing of discussions, _ and the | ¢co- -operation of the 
membership wiil now be more necessary in this matter than ‘eiceibtione, 
because four volumes are to be issued during the year, instead of two, 
and, to accomplish this, a definite date of issue for each has been 
established. It is ; expected that the third and fourth volumes for 1909 
will be issued on September 30th and December Bist, respectively. yo 
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ANNOUNCEMENTS 


by the Committee with respect to for at 
7 ‘tee: which, — their general nature, appear to be of a charac- 
ter suitable for oral discussion, — will be published as heretofore | in 
Proceedings, and set down for presentation to a future meeting of the 
Society, and, on these, oral discussion, as" well as written ‘communica-— 
tions, will be solicited. 
~All papers which do not come e under this heading, that is to say, 
those which , from their mathematical ‘or technical nature, in t the 
opinion of the Committee, are not adapted to oral discussion, w will not 7 
scheduled for presentation to any meeting. papers will be 
| in Proceedings in the same manner as those which are to 
be presented at meetings, ne written discussions, 


for subsequent | in 
olumes of tions, 
PRIVILEGES OF ENGINEERING SOCIETIES 
EXTENDED TO MEMBERS OF THE 
AMERICAN | SOCIETY CIVIL ENGINEERS 
Members of the American Soc of Civil Engineers w will 
—— the following Engineering Societies, both to the use of their 


Reading R d at all M ting 


American Institute of Mining Engineers, 29 We est 


Street, New Y ork City. 


-Associacao dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 
Australasian Institute of Mining Engineers, Melbourne, Victoria, 


Australie 


Boston of Civil Engineers, 71: 5 Tremont Temple, Bo osto 
Brooklyn Engineers’ | Club, 197 ' Montague Street, Brooklyn, N. ¥.. 
Canadian “Society of Civil Engineers, 413 3 Street, West, 
_ Civil Engineers’ Society of St. Paul, St. Paul, Minn. - 
Cleveland i Engineering Society, 718 Caxton Building, Cleveland, 
Cleveland Institute of Engineers, Middlesbrough, England. 
Colorado Association of Members, Am. Soc. Cc. E., H. J J. ‘Burt, 
Secy., 23 35 Equitable Building, Denver, Colo. 
Engineers’ and Ar Architects’ of Louisville, Ky., 
we Building, Fourth and Jefferson Streets , Louisville, Ky. 
; been 7 Engineers’ Club of Baltimore, Baltimore, Ma 
i Engineers’ Club of Central Pennsylvania, Corner Second : and 


Walnut Streets, Harrisburg, Pa. 
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Engineers’ Club of Minnea apolis, Sixth Street, Minneapolis, 


Engineers’ Club of Philadelphia, 3 317 Spruce Street , Philadelphia, Pa. 
_ Engineers’ Club of St. Louis, 3817 Olive Street, St. Louis, Mo. 
‘Engineers’ of Toronto, 96 West, Toronto, Ont., 


- Engineers’ Society of Western Pen ania, 803 Fulton Building, 
> 2, P 


Institute of Marine Engineers, 58 Romford Road, Stratford, Lon- 


Institution of Engineers: of the River Plate, Buenos Aires, 


Institution of ‘Naval Architects, Adelphi -‘Terrace, London, 


Institution (of Engineers, 39 ‘Victoria Street, ‘Westminster, 


Koninklijk Instituut van Ingenieurs, The ‘Hague, ‘The } Netherlands. | 


Louisiana Engineering Society, 604 Tul ulane- Neweom! omb Building, 
Orleans, La. 


Engineering Society, Memphis, Tenn. 
Midland Institute of ‘Mining, Civil and ‘Mechanical | Engineers, 
Sheffield, E ngland. 


‘Montana Society Engineers, Bu.te, Montana. 


North of | Institute of Mining and NV Mechanical Engineers, 


Oesterreichischer— Ingenieur- Architekten-Verein, Eschen- 
bachgasse 9, , Vienna, / Austria. 


- Pacific Northwest Society of Engineers, 617 sal Pioneer Building, 
Rochester Engineering Society, Rochester, oe 


-Sachsischer Ingenieur- Architekten-Verein, Dresden, Ger- 


Sociedad Colombiana de + Ingenieros, Bogota, Colombia. 


Society of Street, Westminster, We 


Svenska "Teknologforeninge en, Brunkebergstorg 18, Stockholm, 
Tekniske Forening, Vestre e Boulevard 16 16-1, Copenhagen, Denmark. 


Western Society of Engineers, 1737 Block, Chicago, Ul. 
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“Affairs, ] 


SEARCHES IN THE LIBRARY 
In January, 1902, the ‘Secretary was authorized to ma uke searches 
in the Library, upon request, and to charge therefor the actual cost to. 
the Society for the extra work required. Since that time many searches — 


have been made, and bibliographies and other information on special 


Ar themselves of comma 
- The | cost is trifling compared with the value of the time of an 
engineer who looks up such matters himself, and the w work can be 
ndon. 


performed quite as well, and much more quickly, by persons familiar 


inster, | = Jn asking that such wo ork be undertaken, members should specify 


— 
“clearly subject to be covered, and whether references to general 


lands. books only desired, , or whether a complete bibliography, involving 

ilding, "search through periodical literature, is Gesived. 

a In reference to this work, the - Appendix* to the Annual Report of 
; _ the Board of Direction for the year ending December 81st, 1906, » con- 

tains a summary of all searches made to that date 

LOCAL ASSOCIATIONS OF MEMBERS OF AMERICAN 

ineers, | “SOCIETY OF CIVIL ENGINEERS 

Eschen- San Francisco Association - 

xilding, | Abstract of Minutes of Meeting) | 


_ June 18th, 1909.—The - twe onty-fifth regular meeting of the San 
Francisco Association of Members, Am. Soe. C. E., was held; Luther 

Wagoner, President, ‘in the chair; E. a is Thurston, Jr., Secretary 3 and 
also, 3 35 members and guests. 


It was voted to hold the weekly — informal luncheons hereafter at 


Paris; 12.15 p. Mm. every W ednesday, at the Bismarek Café. 
7 7 The Secretary read a communication: from the Secretary of the 

Society calling attention to the fact that the e publication o of discussions _ 
‘in the Proceedings of the Association would prevent their subsequent 
publication in the Transactions of the Society, and suggesting the 
advantage of forwarding discussions direetly to the Society, thereby 


Insuring: “greater publicity. was agreed that” ‘such would be the 
| 


Denmark. 


cago, Il. pr ocedure ein the ‘future. 
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Secretary reported the — of three new members since 


Mr. « a local cement factory, 


duced as one of the guests . of the ever vening, ‘and invited the Association 
to visit the works of his company. _ The invitation was accepted, and 
the President and Secretar: y were directed to ) represent ; the Association 
in making the e necessary arrangements. 
: The matter of the Annual Convention of the Society for 1910 w was 
‘discussed, and a ‘motion to invite the Society to next Conven- 
tion in San Francisco was carried. ‘unanimously. 
paper by W. S. McFetridge, M. Am. Soc. o. entitled “Some 
Extensive Railroad. ‘Surveys, and Their Cost per Mile,’ was discussed 
by ‘Messrs. G. ‘L. Dillman, C. Hammatt, and F. 
ae ‘The paper by Howard J. Cole, M. Am. Soe. C. E., entitled “Concrete 
was discussed by Messrs. Mensch, M. To 
ise, and S. G. Hindes. 
The paper by D. 
‘right Drawings of a Technical by L. 
Mensch, M. Am. Soe. 0. 
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ACCESSIONS TO “THE LIBRARY 


ACCESSIONS TO. THE 
4 ‘(From ‘May 11th to July Bist, 1909) 


DONATIONS* 


ICAL AND ELECT RICAL (GINEERS. 


‘By Sir Guilford Malesworth and Henry Bridges Molesworth. 

 Twenty-Sixth Edition, Revised and Enlarged with an Electrical Supple- 
ment by Walter H. Molesworth. L eather, 5 x 3 in., illus., 9 -+ 901 pp. 
London, E. & F. Spon, Ltd.; New York, Spon & Chamberlain, 1908. 7 


In the preface to the original edition, dated 1862, this work is stated to be 
a concise and comprehensive manual of data for the various and rapid calculations _ 
so constantly needed in the ordinary operations of the engineer. The preface of — 
the present edition states that the authors have made very considerable ye pre ll 
and alterations, suggested by their progressive experience, by the advance of engi- 
neering science, and by professional criticism, the substitution of new matter for : 
that which has become obsolete and the condemnation of those portions | unneces- 

sarily d diffuse, enabling them to do this without increase in bulk. 


PURE MILK AND THE PUBLIC HEALTH. - 


A Mew of Milk and Dairy Inspection. By Archibald Robinson 


Ward, With Two Chapters by Myer Edw ard Jaffa. Cloth, 9 x 6 in, 
= 13 + 218 pp. Ithaca, N. Y., Taylor & Carpenter, 1909. $2. 00 net. 


The states. in preface, the task of assembling, 


crusade for better milk, the facts essential in coping with the difficulties en- 
countered in carrying on efficient and comprehensive measures for milk and dairy 
ieee Each chapter is followed by a list of references bearing on the sub- 


¥ the information of the health officer and others directly concerned in the — 
4 


jects discussed, and referred to in the text by numbers in parentheses. The Con-— 
tents are: The Contamination of Milk; — ‘Changes in Milk Caused by Bacteria; _ 
Epidemic Diseases Transmitted by Milk; Bovine Tuberculosis and Other Cattle — 
Diseases Municipal Sanitary Control ‘of Milk: Pasteurization of Milk; Micro- | 
scopic ‘Tests of Milk ; Bacteriological Examination | of Milk; Certified Milk ; The | 
Analysis of Milk; Adulteration of Milk; Figures in Text; Appendix A, Dairy oa 
Ordinance of Berkeley, Cal.; Appendix B, Chicago Tuberculin Test Ordinance; 
Appendix C, Duluth Milk Ordinance ; Appendix D, Blank for Reporting Existence 
of Infectious Diseases ; Appendix E, Poster for Dairy Barns; Index, 


‘THE REINFORCED CONCRETE POCKET BOOK. 


Containing Useful Tables, Rules an nd Ilustrations for the Con- 
venient Design, Rational Construction and Ready Computation of Cost — 
of Reinforced Concrete Girders, Slabs, Footings, Columns, Buildings, 
Retaining Walls, Tanks, Grain Elevators, Coal Bins, Water Pipes, 

Sewers, Dams, Bridges, Smoke Stacks, Piles, ete., ete. By L. J. 
Mensch, M. ‘Am. Soe. C. E. Leather, 6} x 4} in., ‘illus., 216 pp. ‘San 
Francisco, The Author, 1909. $10.00. te 


- The object of this pocket book is to place. before. the public, in as concise a 
form as possible, practical information in regard to reinforced concrete construc- — 
tion, and the author also expresses the hope that the book will promote the use > 
of reinforced concrete and be the medium of its standardization. It is not a text- _ 
book, he says, and a good knowledge of mechanics and of building construction | 
is indispensable to its rational use. The tables. of which there are a great num- _ 

ber. are said to have been very carefully calculated and checked repeatedly by 

! -Slide- rule, and most of them, having been calculated some years ago, have also 

} dee n thorough! ly tested by practical application. The preface further states that 

_ the compact form of the book has compelled the author to confine the information 
given to those subjects which cannot readily be found in other books and to those © 
applications of reinforced concrete which are most used. 


-* Unless otherwise specified, books in this list have been donated by the publisher. a 
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TO THE LIBRAR 


F. _Smith. T hird Edition, Revised and 
Cloth, 83 x 54 in, , illus., 15 + 455 + 6 pp. Manchester, England, The 


Scientific Publishing ‘Company, 6 shillings net. 


This volume is an attempt, according to the preface, the ‘student 
to the main principles of alternating currents and alternating-current machinery > 
from an experimental, rather than from an abstract theoretical, standpoint. The 
experiments are described in great detail, and the author hopes that the book may 
be of use to the young engineer engaged in handling or testing alternating-current 
machinery, as well as to the student in the laboratory. The present edition, the 
preface states, has been fundamentally revised, and, in order to make room for 
new matter, many sections of the earlier edition have been much condensed. Many 
additions have been made to the chapters on transformers and alternators, while 
the chapter on induction has been largely rewritten, and a chapter on single-phase 
motors added. The Contents are: Alternating Electromotive Force and Current; 
Impedance; Power and Power-Factor; Virtual Value of an Alternating Current; 
Effect of Capacity ; The Transformer Alternators; Synchronous Motors; The 
Polyphase Circuit; The Rotary Converter ; The Polyphase — Induction Motor ; Single- 
Phase Motors ; The Composition of Wav es index. 


AZIMUTH. 


L. Hosmer. eather, (4 x 43 -illus., 5 - 73° pp. 


Ne w York, John Wiley & Sens; London, Chapman & Hi: all, 
1909, $1.00 net. (Don: ited by the Author and the Publishers.) 


"The preface of this volume states the author’ $s purpose to be to present, in — | 7 7 
compact form, certain approximate methods of determining the true bearing of a 
Tine, with the nec essary rules and tables arranged in a simple manner, so that 
they will be useful to the practical surveyor. - This is a handbook, it is stated, | 7 
rather than a textbook, and for this reason many subjects, ordinarily included | 
in books on practical astronomy, but not essential in learning to make the obser-— 
vations here described, have been omitted. The author has endeavored, he de- 
clares, to present the subject so that a person unfamiliar with astronomy will a 
able to apply these methods and obtain satisfactory results without taking time to 
master completely the underlying theory. The rules and tables have been put in : 
compact form, so that the book may be carried into the field, and, while “the 
methods presented are not new, much of the valuable matter written on this sub- 
ject is so scattered that it is difficult to find, in one small book, all that would 


be needed by the surveyor in making azimuth observations, and these are the rea- 

THE NEW | BUILDING ‘ESTIMATOR. 

Practieal Guide to E stimating the. Cost of Labor and Material 


‘in Building C onstruction, from Excavation to Finish, With Various 


t 
Ex: amples of Work Prese nted i in Detail, and With Labor 
S Figured Chiefly in Tours and Quantities: A Handbook for Architects, 
Builders, Contractors, Appraisers, Engineers, Superintendents, 
Draftsmen. By William Arthur. Cloth, 67 x in., illus. 544 424 pp. 


New York, David Williams ‘Company, 1909. 50 ‘net. : 


This book is really a fifth edition, enlarged, of ‘‘The Building 
Estimator,” the first edition of which was published in 1904. In the Pomiy upon ; 


of the material for the work, the author states that he has draw n not only upon 
his own wide experience as an estimator and builder. but that he has obtained from 
scores of others, who were best qualified to furnish information, the data on 
quantities and costs pertaining to a great number of representative structures, large 
and small. The prices in this edition are said to be brought up to date, and 


much new tabulated matter has been added. 


EIN. NEUES SCHNELLBAHNSYST : VORSCHLAGE ZUR VERBESSERUNG DE 


August Scherl. Boards, 11 x 1 14 in, illus, + 122 pp. 
Berlin, August Se *herl, 1909. 


af 
The author of this work ‘states that the ideas” and iii here laid before 
ae i the public have been developed by many years of observation, and that by them he 


| 
| 


hopes to offer a remedy for a deep-seated evil. The reader will find, he states, 
that the modern transit problem is taken up from an entirely new side. by entirely 
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Wasserv ersorgung ; : 
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ACCESSIONS TO THE L ARY 


airs. 


new technical.methods, which, in their details, have ao ew out by prom- 7 
inent specialists, tested by the first authorities, and pronounced to be the traffic 
methods of the future. The Contents are: : Kapitel i. ‘Die Krisis im Gegen-— 
wartigen Eisenbahnwesen; Kapitel II, Das Neue System—Allgemeine Prinzipien 
des Personenverkehrs, Die Organisaticn, Die Technische Durchfiihrung des Neuen © 
Systems (Das Einschienensystem, Das Rollende Material, Die Strecke, Die Bahn- © 


Kapitel III, Wirtschaftliche und Soziale Ausblicke. 


EXPLOITATION DES PORTS MARITIME 
Par De Cordemoy. Leather, 73 x 

H. Dunod et E. Pinat, 1909. 9 franes. 


Chapter headings are: Généralités ; Régime des Ports en France; Ports 
Frangais et Etrangers; Les Ports Francs; Installations Générales-Hangars 7 
Magasins et Quais; -Manutention dans les Ports; Machinerie des Ports; Divers; 
téparation des Ne Cales; Réparation des Navires—Formes de Radoub; 
Réparation des Flottants ; Fermeture des Bassins de Radoub; Des 
Droits de Port; Développement de Quelques Ports ; Réglements. 

“HUTTE”: DES INGENIEURS ‘TASCHENBUCH. 


lerausgegeben vom Akade ‘mischen 
Auflage. Leathe ‘Tz x 44 in.,, 
Sohn, 1908-09. 20 marks, 


The preface, which is signed by the Cc aliens of the Pocketbook Committee of 
the ‘‘Akademischen Verein Hiitte,” states that the first edition of the ‘‘Hiitte’’ 
was issued in one volume, divided into three parts, each forming a complete whole. ; 


‘erein _Lw anzigste 
illus., 3 v. Berlin, W Ernst— & 


Later editions were issued in two volumes, but with the present edition, the com- 
 pilers have returned to the original division. The first two of these volumes, 

_ which contain material for the mechanical engineer and the shipbuilder, were > 
issued together in 1908, and the third, devoted to matters of interest to the con- — 
struction engineer, has been issued separately this year. The preface states that — 
Bees valuable matter has been added, and important chapters have been entirely : 

rewritten ; 
‘touch with the leading practice of the day and to select without prejudice only 
such data, both in text and illustration, as would be useful in actual practice. 

The Contents are: Abteilung I, Mathematik; Mechanik Starrer Kérper; Mechanik | 
Tropfbar Fliissiger Koérper; Warme; Festigkeitslehre ; Stoffkunde ; Kisenhiitten- 

-kunde; Maschinenteile; Anhang. Abteilung II, Kraftmaschinen; Arbeitsmaschinen ; _ 
Schiffbau und Schiffsmaschinenbau ; Eisenbahnbetriebsmittel ; ; Elektrotechnik ; 
Abteilung III, Vermessungskunde; Hochbau; Liiftung und Heizung; Strassenbau ; 
Stadteentwasserung; Statik der 

Eisenbahnbau ; ‘Drahtseilbahnen ; 

bau; Gasfabrikation ; F ‘abrikanlagen ; Sachverzeichnis der I 


bg und ITI. Abteilung. 


BROWN’S DIRECTORY OF AMERICAN GAS COMPANIES: GAS STATISTICS, 1909, 


* ompiled and Corrected Annually | yy E. C. Brown. Cloth, 10 x 6s 
417 pp. New York, Press of the Progressive Age, 1909. $5. 00. 

his directory contains statistics of gas companies in the United States, 
Canada, South America, and Cuba, and of electrical companies where — a 


natural gas companies are included, also a list of parent or operating companies. 
There is an appendix containing brief historical data and financial status of the 
companies reported, a list of officers and members of gas associations in the United 


eat under the same name as the gas companies. ~ Acetylene, gasolene and 


ment of the book is alphabetical. 


XERCISES IN SURVEYING FOR FIELD WORK AND OFFICE WORK. — 
With Quest ions for Discussion; 
with the Author’s Book, “Plane Surveying.” By John Clayton Tracy. 


and a bibliography of for gas men, divided by subject. The arrange- 


7 


Intended for Use in Connection 


~Moroeeo, 74 x 5 in., 14 + 169 pp. New Y ork, | John W iley & Sons; 
London, Ch: apmen & ‘Hall, L imited, 1909. $1.00 net. 


Part I of this book, which, as the to be used with the. 
‘author’s book, “Plane Surveying,” consists of exercises in field work — 
according to the nature of the work, while Part II consists of exercises in office 7 
computations and plotting. The whole, the author asserts, constitutes a thorough ~ 
_ introductory course in principles and methods. Each exercise begins with a refer- 
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ACCESSION iS ‘TO THE LIBRARY [Society 
ence to ‘ ‘Plane Surveying,” ene nearly all end with series of questions, s, which, the 
- author states, should prove particularly valuable to young men who are seeking 
to perfect themselves in the knowledge of surveying. The Contents are: Part _ 
Field Work—Introductory Exercises; Exercises in Chaining; Exercises the 
- Use of the Transit; Exercises in Running Transit Lines; Transit Surveys; Special — 
Problems in Transit Surveying; Exercises in Leveling; Special Problems in Level- 
ing; Exercises in the Use of the Compass; Exercises in the Use of the Stadia; a 
Exercises in the Use of the Plane Table; Exercises in Topographic Surveying . 
_ Exercises in Determining the True Meridian ; A Study of Surveying Instruments; 
Adjustments; Part II, Office Work—General Methcds of Computation; Calculation | 
of Bearings; Latitudes and Departures; Triangujation; Omitted Measurements; 
Areas; Earthwork Calculations; Exercises in Plotting; Questions Pertaining to — 
Mapping. There is also a detachable blank Field Note Book at the end of the book, 


of which duplicates are obtainable. 

Gifts have also been received from the following 


“Alaska Mexican Gold Min. Co. 2 pam. Cincinnati, Ohio-Water Dept. 2 pam. 
Am. Ry. Assoc. 1 vol. leveland Eng. Soc. bound vo, 
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A Short Hand-Book of Oil Analysis. By Augustus We Gill. vill, Fifth 
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Russell. New York, D. Van Nostrand 


‘The Beautifying of a om A Report to the Outdoor . Art League. 


Charles Mulford Robinson. San Jose, 1909.00 


 Versuche mit Exzentrisch Belasteten. Betoneisernen Saulen. 
Dr. Maximilian Ritter von Thullie. Berlin, Wilhelm Ernst & Sohn, 1909. 
a Principles of Sewage Treatment. by Professor Dr. Dunbar. - Trans. 
lated by H. T. London, Griffin & Company, Limited, 1908- 


British ‘Rainfall 1907, On the I Distribution of R: vin in Space and 


Time over the British Isles during the Year 1907 as Recorded by More | 
than 4 000 Observers” in Great Britain and Ireland and Discussed with — 
Articles upon Various Bi ranches of Rainfall Work. By Hugh Robert Mill. | 
Forty-seventh Annual Volume. London, Edw ard Stanford, 1908 ; 
_ The First International Road Congress, Paris, 1908. By G. Montagu 
and H. T. Wakelam. London, Wyman & Sons, Limited. 
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Thirty- Sixth Annual Report of “the Local ‘Government Board, 
1906- 07, Supplement ontaining the | Report of the Medical Officer 
for 1906-07. London, Wyman and Sons, Ltd.; Edinburgh, | 
Boyd ; Dublin, E. Ponsonby, 1908. 


Ant Historical Waterways _ and C ‘anal onstruction in 


York State. By Henry W Hill. Buffalo, N. Y.. , Buffalo 


Zentralblatt der Bauverwaltung, -Herausgegeben im Ministerium der 


Offentlichen Arbeiten. . Je uhrgange 16-28, 1 1896-1908. Berlin, Wilhelm | 


_ Gesundheits Ingenieur: Zeitschrift fiir die Gesamte ‘Sti idtehygiene. 


Jahrgiinge 26-31; 190: 3 05-08 Miine hen en und Berlin, R. Ndenbourg, 


In Chancery of New Jersey, Mayor and Aldermen of Jersey City vs. 

Jersey City Water Co. Vol. 9-10. Paterson, N. J., The 

Paterson Chronicle Co 1909. 


‘Chaudiéres Marines et Accessoires, avec iiies de Résistance des 
Matériaux et de Thermodynamique. _ Par L. Jauch et A. Masméjean. 
Two J. Alté ; Paris, Dunod et E. inat, 1909. 


Kapazitat und Induktivitat, ‘ihre Begriffsbestimmung, Berechnung 


und Messung. Von Ernst Orlic h. Braunschweig, riedrich Vieweg 


und Sohn, 1909, 


The Building Foreman’s Pocket Book and Ready Reference. — By 
Th G. Richey. New York, John Wiley & Sons ; L ondon, Chapman ‘4 


‘Hall, Limited, 1909. ware 


Tables of the Properties o of | and other Vapors and Tempera- 
ture-Entropy Table. By Cecil H. Peabody. Eighth Edition, Rewritten —_ 
New York, John W Wiley &§ Sons; London, C ‘hapman ¢ & Hall, ‘Limite d, 1909. 


Practical Testing of Gas Meters. By C. H. Stone. New York, J John 
Wi iley & Sons ; London, C Chapman « & Hall, Limited, 1909. 


Railroad Promotion and Capitalization in United States. By 


rederick A. Cleveland a and ‘Fred Wilbur Powell. New ork, 
(Green and Co., 1909. 


Theory and Calculation of Transient Electric Phenomena and 
Oscillations. By Charles Proteus Steinmetz. New York, McGraw 7 


Publishing Company, 1909. 


Cours de Ponts Metalliques, Professé 1’Ecole Nationale des Ponts 
et Chaussées. Par Jean R ésal. Tome 1, Encyclopédie des Travaux 
z ublics. Paris, Librairie Polytechnique, Ch. Beranger, Editeur, 1908. 

Handbuch der Ingenieurwissenschaiten, Vol. 3 3, Part IV, Die Bau- 
iiaschinen. Von F. Lincke. Zweite vermehrte Auflage. Leipzig, 
Wilhelm E ngelmann, 1908. 
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7 Disposal of Liquid Refuse from Distilleries: Sixth Report of the 
Commissioners Appointed Inquire and Report What Methods of 
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Wyman and Sons, L imited, 1909. 
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WALTER Gor: ‘Branchy ille, N. J. 
ITT CLINTON. City Engr., Tulsa, Okla. 7 


Old Capitol Bldg. St. Paul, 


GALBREATH, | WILLIAM ‘Orto. Dist. Railways of 

| Calle Reforma No. 152, ‘Monterey, N L., Mexico. 
_GANDOLFO, JOSEPH HARRINGTON. Civ. Je . Wh 

G AYLER, ERNEST» Rorreck. Civ. Engr., 8. N, Na 


“LORD, LAURENCE ‘TIMMERMAN. Port Arthur, Tex. 
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-MEMBERSHIP—CHANGES ADDRESS 


GREGORY, Care, Board W ater Supply, 2 

Hotmes, Frank. 1155 Dean St., Brooklyn, N.Y. 


* ‘Howe, HERBERT ‘PRANK. | 9 Miller Ave., North _ Cambridge, Mass. 


NaTHAN. 


605 Colby-Abbot Milwaukee, Wis is. 
JANSEN, EDWARD | CLINT Care, Colorado Power 210 
teenth St. Denver, Colon 
JANVRIN, NED HERBERT. ” asst Engr., 3oard of Water Supply, City of New 
York, R. F. D. No. 4, Newburgh, N. le — 
JOHANNESSON, Asst. Tagr., P. R. R Tunnels, 7th Ave. and 32d 4 
Jounson, RanKin. Care, Burges Johnson, Port W ashington, N N. Y.. 
JorpAHL, ANDERS. Care, W.S. Barstow Co., Failing Bldg., Portland, Ore. 
KIMBALL, WILLIAM “Hare. (1212, Hartford Bldg., Chicago, 
Knicut, EARLE KEL Ly. Room 926, Candler Bldg., Atl anta, Ga. 


LAMBIE, CHARLES SUMNER 403 W Pittsburg, Pa. 


‘LANE, ‘Epwarp PERCY. Asst. Engr., N. & H. RRR, 335 Madison 


Ave., Room 12 21, New York 
, Coal and Rebecca Sts., Wilkins- 


The A. ‘Sons. Co. 4 


“Bronson Pi. Toledo, Ohio. 
= Davin ‘Reap. Div. Engr., N. . State State Hall, Albany, 


MacCRACKEN, GEORGE Gene. ‘Pres. Ale Co. Chu Chureh Bt. 


MacGrecor, Joun 125 Dorchester St. ‘West, 


Canad 
MacNarr, HENRY JAMES. sani The Automobile Blue Book, 231 West 


39th St., New York» City. rer 


-McCorp, James BENNEY. a New York City. 


McCormick, HERBERT S. Engr. Office, Willow, ‘Ky. 


at 


: McGrecor, Ropert Roy. Div. Engr., Compania Constructora Richardson, 
JAMES W ALTER. Secy., McMorrow Eng. & Constr, On: 360 We 
 --: 125th St. (Res., 551 West 170th St.), New York City. o-oo" 
Macor, Henry BASIL. Pres., WwW onham Magor Car & Mfg. Co., 30 Church 
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MEMBE BERSHIP—CHANGES OF . ADDRESS: 


 ASSOCTA E MEMBERS (Continued). 


Bank» Bldg., San Fr raneiseo, Ca 


ELICK, NEAL ALBERT. ‘Supt. of C Constr., U. S. Public lie Bl Bldgs., J ‘Moline, I. 
MILLER, Hiram. J Middlefield, Conn, 
WILLIAM 2 Madison Ave., New York City. 

ISON, , James Lutuer. Res. ‘Engr., Carolina, Clinchfield & Ohio 
Bluefield, W. We 


‘No OSKA, ERT. 


City, 
PARSONS, CHARLES EDWARD. 144 Edgewood . Ave., Atlanta, Ga. 
PERRING, Henry (GARFIELD. Viee- Pres. and Gen. Mer. ood Co., 
of Andre St., ‘South Side of L ocust Point, Baltimore, Md. 
Prav, Junius Wetcu. Engr., Grade Crossings, N. Y. C. R. R. , Room 1215, 
Priurcer, Atvin Cyrus. 140 Third St., Long Island City, N. Y. 
PIERCE, GEORGE Elk City, Clacton Co., Pa. 
= ‘Harry TINKER, Jr. Care, F. W. Poe Mig. Co., Greenville, S. a 
Post, CHESTER LEROY. Care, Condron & Sinks Co., 1214 The Monadnock, - 
Porter, ALE XANDER. Cons. Engr 114 Liberty St.._ City. 
RAMSEY, Guy RoBerr. = Mgr., ., Am. Fire Brick Co., , Mica, Spokane oy ash. 
JAMES: Foster. Martinsburg, g, W. Va. 
ROWLAND, W ALTER. Draftsman, Canal re omm., » Corozal, Canal 


. Br idge Co. Bldg. » Phila- 


SANBORN, JAMES FORREST. Board of “Water Supply, City of New York, 
— 


Dra awer A, Peekskill, N. 


SARGEN T, JOSEPH ANDREWS. — 654 South 29th St. Lincoln, Nebr. 


Sarr, FRED WINTON. Div. Engr., N. -Y. State Highway Dept., Griffin n Bldg. 7 


‘Se. s, THOMAS BARTLETT. ,_ 2 niv. of California, Berkeley, Cal a 
‘Sesser, Joun CorNELIOUS. -Contr., 5830 Washington Ave. , Chicago, Il. 
Simpson, Pau Dyer. Asst. Engr. Reclamation Service, Ontario, Ore. 
Cuartes Baitey. Chf. Engr., Salmon River Canals, Twin Falls 
Salmon Riv er Land & Water Co., Twin Falls, Adaho. FH 
Co. 


JULIAN” Cua Rp. Pres. and Vacuum Specialty 
Fi First Ave., New York City. 
LEY, ORRIN BD No. 1, Box 200, Rockford, WwW ash. 
PHENSON, STUART Avcustus, Jr. With J.G. White & Co., Ine., Chg. of 
Costs, Conn. River Power Transmission Li ine, Box 147, Clinton, ‘Mass. 
INDELLS, JOSEPH SPRINGER. 1090 East 18th ‘St., Brooklyn, 
- TALLMAN, Lanor. Care, Standard Constr. Co., Michigan City, Ind. 
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MEMBERSHIP—CHANGES OF ADDRESS 


ASSOCIATE | MEMBERS (Continued) 


Tans, to Chi. ‘Engr., Dept. of W ater ‘Supply, 
and ‘Electricity, Room 25, “Municipal Bldg., Brooklyn, N. 
THomas W. ILLIAM ‘Rostap. Chf. Draftsman, El Paso & South 
Western ‘zl ‘Paso, 
. Special Examiner, Bureau of Statistics and 
Interstate Commerce Comm., W ashington, D. C. 
- (FREDERICK Howarp. Glenn Co., Cal. 


(Ferrocarril de Girardot), Girardot, Colombia. 
MIESSE. Tanks, Cottle Co., Tex. 
a ‘Van Petr, Surron. 300 Leland Ave., Chicago, Ill. 
, GEORGE REED. Cons. Engr. 19 Congress St. 
WEBSTER, FRANK WALLACE. Care, Raymond Conerete Pile Co., Baltimore, 
Wawat, Asst. Engr. T. & 6. F. Ry. 913 St, 


Waxzssox, 1 ‘Tuomas _JERPERSON. Asst. 


Woop, (122 West 167th St., High Bridge, N 
‘Wooparp, Baker St., Corning, N. Y. 
Yares, Jounson. Bridge Engr., C. R. R. of N. J., 


Youna, CHARLES NEWTON. 7 80 Joost Ave., San Franeiseo, Cal. 


ASSOCIATES 


PHELPS, BERNARD. San. Engr., Mass. Inst. Tec oston, Mass. 


-PoorMAN, ALFRED PETER. Wind River, Wyo. 
‘Sritson, Minorr ‘Osporn. 172 ‘Chestnut Ave., Conn. 
STROEBE, GEORGE Gorrie. 2224 ‘Hickory | St., St. Louis, Mo. 
a 
Huntry. Pus, 
ALLEN, CuesTeR SaALispury. Engr. of Constr., ‘Hahnemann Hospital 


BARCOCK, FRANKLIN. P. O. Box 372, ‘San Francisco, Cal. 
BarKER, JAMES Mapison. 117 College Ave., 


Berry, FRANCIS Care, Portsmouth, & Suffolk Water Co., 


Suffolk, Va. 
CHARLES “Samara. Care, P. &T.RR. ©o,, 10 Bridge St., 
City (Res., 547 Summit St., Westfield, N. J). 
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JUNIORS (Continued). 


Beaman, JosEPH ‘LAWRENCE. Yorktown Heights, N al 

Brown, GROVER CHARLES. _ Junior Engr., , Am. Section, International ‘Water- 
_ways Comm., 727 Elmwood Ave., Buffalo, N. 

Brown, RoBert HUSE. Asst. Engr., Water Dept., 3819 “Lee Ave., ‘St. Louis, 


BuRRovUGHS, HEcToR Rosins Hotel Los" Angeles, Cal. 
CHAPPELL, CLAUDE Epwarp. City Engr, 244 Britain Ave., Benton Harbor, 
4 CoBuRN, Honace BUTTERFIELD, JR. Lowell, Mass. 
 Cocuran, JEROME. 1518 Hamilton St, Houston, Tex. 
Coutins, Francis WINFIELD. Care, Constr. "Service 
New ‘York City. 
4 Coox, ‘Henry ‘Aten. 71 Montclair Ave., Montclair, N. J. 
COPLEY, (GEORGE ‘Treas. Goldhart & Secy. 2 and Treas., U. 8. 
Co., 324 Security Bldg., Galveston, Tes Tex. 
(CUNNINGHAM, | Joun EArt. ‘Kingston, Mass. 
‘Davies, WILLIAM GOMER. illows, Cal. 
‘Herspert 419 Napoleon St., Johnstown, Pa. 
FRANK With Bureau of Filtration, 1130 Sherwood PL, 


JAMES ith List & 629 West sist St. 306 


. Sloatsburg, N.. ¥.. 
King & Goodrich), , 322 Failing Bldg., Portland, Ore. 


HAMIIN, Asst. Engr., Corrugated 

Bidg., St. Paul, 

EVERETT Hama TON. 1668 Franklin St., San Francisco, 
LEY, CHARLES ‘BURRIDGE. Ishpeming, Mich 
EvERETT Burr. City ‘Engr,’ s Office, Reading, 
\fout, Leonarp Louts. = Care, South Yuba Water Co., East Auburn, Cal. 


WESLEY WINANS. | 5440 Maple St. Louis, Mo. 
Lewis, WILFRED. With The Gen. Eng. & Constr. Co 0, 418 Denny Bldg, 
EMMETT. Maple Ave. , Troy, N. 
LougHRAN, JaMEs | FRANCIS. with N. Y. 0. & W. ‘57 
gon St., Kingston, N.Y. 
LyNN, Henry -Hupson EDWIN. 348 West 5lst St., New York City. 
MARTINEZ, ARNOLDO. San Miguel 107, Cuba. 
an, RICHARD MANSFIELD. St. Joseph, Ont., Canada. 


LLER, CROSBY. Care, Pennsylvania ‘Steel Co., B. & C. Dept., ‘Steelton, 
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JUNIORS Continued 
Peck, CHARLES FRANKLIN. 1013 Penna Ave, 601, Pittsburg, Pa. 
PENDLETON, Davin ELLIiorT. Care, H. & T.C. R. , Ennis, Tex. 
PETERSON, GARFIELD CHRISTIAN. Care, Cuba n R., Guantanamo, 


Pierce, Leon. 23 WwW est 65th St., New York City. : 
V WILLIAM JENNER. O. Box Merkel, Tex. 
QUERBACH, EARL. 3425 yandotte St., 
Joun. 1012 Security Bldg., Los Angeles “(Res., Whittier), 


Managing Engr., Colonial Gold Min. Co., Keremeos, 


Ropsins, HALLE ET ‘Rice. 
B. C., Canada. 
GUSTAVE. ‘Res. Engr., 
ae year Hotel , Austin, Pa. 
Saxe, V AN RENSSELAER PowELL. Asst. Engr. for Standard Concrete 
Co. » 415 East 31st St., New York City (Res., Hicksville, N. Y. — 
Smiru, ELroy Grorce. 335 West 58th St., , New York City. 
SMITH, Francis MARSHALL. Asst. Engr., N. P. Ry., Room 27, and 


VINCENT REYNOL ps. Care, Prof. 8. G. ( George, Cor nell Univ., 


STRATTON, CHARLES Heywoon. 410 Ww Court St., Paris, Il. 
SrRovt, GALE Srantey. Room 902, Union Savings 
TALLMAN, PAUL BERTRAM. Chestnut St., , East Orange, N. J. 
‘TRUE, . ALBERT Ons. & Fuller, 170 Broadway, New ‘York: 
~WADDEL L, NEEDHAM Ey McClintie-Marshall Constr. Co., Rankine, Pa. 
_ WATKINS, Guy ANDERSON. 223 Southern Trust Bldg., , Little Rock, Ark. 
Watson, GEORGE Box 448, Dover, 
WEIDNER, Cart Roserr. 18 W. Gilman St., Mad dison, Wis. 
WESTOVER, HENRY Beals Bldg., Kansas City, “Mo. 
Witey, LEMUEL. UEL. Garber vite. Cal. 
Worrr, Max Reclamation Service, Boise, Idaho. 
“Woon, Asst. Engr. Chg. Port Richmond Div. 
Bor ugh of Richmond, N. Y. “City, 800 Post. Ave., West New Br ighton, 
Yeo, WILLIAM ALBERT. 130 Bulls Ferry Ra., Heights, N. 
— 


Date of 


Oakland, 


_ ASSOCIATE MEMBER = 


-Barpwin, FURLONG. Elected Associate Member, December 7th, 1892; 
_ Member, February 6th, 1895; died June 17 th, 1909, 
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MEMBERSHIE 


1900, 


Davis, FRANK LESLIE. E lected Member, September 6th, 1905; died June 


Elected Junior, November 5th, 1890; 
FRENCH, GrorGE HARRISON. Elected Associate Member, December 5th, 1906; 


Buck, LEFFERT February 3d, 1875; died 


GATCHELL, GEORGE SAMUEL. ‘Elected Member, May 7th, 1884; died 


22d, 1909. 
ed 


Kernor, WILLIAM CHARLES. Elected Member, March 6th, 1889; di 


March 


STEELE, HE NR Elected Associate Member, April 1893; 
Member, December 6th, 1899; 5th, 1909. 
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CURRENT 


‘ENGINEERING LITERATURE 7 


OF RECENT ENGINEERING 4 ARTICLES OF 
INTEREST 


“lay to July 


81st, 1909) 


Nore—This list ‘is ublished the purpose 2 of lacing before the 


‘Milk St., Boston, Mass., 30c. 
(2) Proceedings, Engrs. Club _ 
-Phila., 1317 Spruce St., Phile- 
 delphia, Pa. 
(3) Journal, Franklin Inst. ‘Philadel- 
phia, Pa., 50c. 
dJeurnat: Western ‘Soc. of ‘Engrs., 
Monadnock Blk., Chicago, Ill. 
(5) Transactions, ‘Can. E.. 
Montreal, Que., Canada. 


Travauz, 
(6) School Mines Quarterly, y, Co- France, Paris, France. 


(32) Mémoir es et 


- Works Assoc., Boston, Mass., $1. 
(29) Journal, Royal Society | of Arts. 
‘London, England, 15c. 
(30) Annales des Travaux Publics 
‘Belgique, Brussels, Belgium. 
(31) Annales de l’Assoc. des Ing. Sortis 
des Ecoles Spéciales 
Brussels, Belgium. 
Compte Rendu 
Soc. Ing. Civ. de 


lumbia Univ. New York (33) Le Génie Civil, Paris, 


(7) Technology Quarterly, Mass. “Inst. 
 Yech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, a 
(9) Engineering Magazine, 


(10) Cassier’s Magazine, New ‘York - tea 


New York City, 25¢. Proceedings, 


(11) Engineering (London), Ww. 


(12) The 
national 
City, 35c. 
(13) Engineering News, we York City, 
(14) The Engineering Record, New York 
Railroad Age Gazette, ‘New York 
(16) Engineering and Mining Journal, 
(17) Electric Railway Journal, New 
(18) ‘Railway and Engineering Review, 
as Chicago, IIl., 10c. 
(19), Scientific American Supplement, 
New York City, 10c. 
(20) Iron Age, New York City, 10c. 
(21) Railway Engineer, ‘London, ‘Eng- 
land, 25c. 
(22). Iron and Coal Trades Review, ‘Lon- 
England, 25e. 


Engineer (London); -Inter- 


Assoc., Philadelphia, Pa. 


(43) 


‘Russia. 


American Gas Light Journal, New 


York City, 10c. 
(25) American Engineer, New 
City, 20c. 


‘York: (54) Transactions, 


Portefeuille Economiques des 
chines, Paris, France. 
(35) Nouvelles Annales de la 


tion, Paris, France. 


Hoboken, N. J., 50c. all Revue de Mécanique, Paris, France. 


(38) Revue Générale des Chemins — de 
Fer et des Tramways, 


10c. 
Am. Inst. Blec. 

Engrs., New York City, 50c. ie 
Annales des Pontes et 
Journal, Military Service Institu- 
tion, Governors Island, New York 


Harbor, 50. 


(45) Mines and Minerals, Scranton, Pa., 


(46) Scientific American, ew or 
(47) Mechanical Engineer, - Manchester, 
(48) Zeitschrift, Deutscher In- 

(49) fiir’ Bauwesen, Berlin, 
Germany. 

(50) Stahl und Eisen, Diisseldorf, Ger- 
(51) Deutsche Bauzeitung, Berlin, Ger- 
(52) Rigasche Industrie- -Zeitung, Riga, 

Zeitschrift, Oesterreichischer In- 
genieur und Architekten Vereit, 
Vienna, Austria. 

Am. Soc. C. E., 


New 


(26) Electrical Review, London, (55) Transactions, Am. Soc. M. New 


(27) Electrical World, New York City, 


York City, $10. 
Transactions, Am.- 
Bners., New York 


Inst. Min 


‘City, 


— 
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ie 7 which can be referred to in any available engineering library, or can be 
: ss procured by addressing the publication directly, the address and price — | 
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CURRENT ENGINEERING LITERATURE 


Colliery Guardian, London Eng- (80) Tonindustrie Zeitung, Berlin, Ger- 
i sei Proceedings, Eng. Soc. W. Pa., 803 (81) Zeitschrift fiir Architektur und In- | 

Fulton #ldg., Pittsburg, Pa., 50c. wesen, — Ger- 
(59) Transactions, Mining Inst. of Scot- Many. 
~=London and Newcastle- (82) Dinglers Polytechnisches Journal, 
upon-Tyne, England. Berlin, Germany. 
Municipal Engineeri (83) Progressive Age, New city, 

1d 


8. 


Affai: 


> (61) Proceedings, Western Railway (84) Le Chant, Paris, France. oo 
Club, 225 ome (85) ‘Proceedings, Am. Ry. Eng. and M. 


ef 


of Assoc., Chicago, Ill, 
ial Wor or ld, 59 Ninth ‘st., (86) Engineering- Chicago, 


(63) | Minutes of Proceedings, Inst. C. E., 
London, England. 
(64) Power, New York City, 20c. = 
— (05) Official Proceedings, New York 
Railroad Club, N. 
15¢c. 
England, 15c. 
(67) Cement and Engin neerir ing News, 
Chicago, Ill., 25¢. (91) Transactions, Soc. Naval Archts. » 
(68) Mining Journal, London, England. and Marine Engrs., New York | 
(70) Engineering ‘New ‘York City. 
ity, 200, (92) Bulletin, Soc. d’Encouragement 
(71) Jéur nal, Iron and Steel Inst., Lon- pour i'Industrie Nationale Paris, = 
( } ectrician ondon ngland, 18c. — 
(74) Transactions, Inst. of Min. de | Métallurgie, 
~Metal., London, England. 94) York City, 
(75) Inst. of Me h. Engrs.,_ (9 Maker, ork City, 
(76) Brick, Ill., 10c. ‘ine _ Engineering, 


(77) Journal, Inst.’ Blec. New York City, 200, 


(87) Roadmaster ane Foreman, Chicago, 
206... 

(8 8) Bulletin of ‘the International Ry. 

Congress Assoc., Brussels, Bel- 

(89) Proceedings, Am. Soc. for “eel 
Materials, Philadelphia, Pa. 

(90) Transactions, Inst. of Naval © 
Arehts., London, England. 


© 


don, England. (96) Canadian Engineer, ‘Toronto, 
(78) Beton’ und Eisen, Vienna, Austria. 
Forscherarbeiten, Vienna, (97) Tur bine, Berlin, Germany, 1 Mark. 


Last OF ARTICLES 


Bridge. 
. me On Preservation Work at the Old Bridge of Ayr.* Arthur Hamilton ‘Wilson, Assoc. 


-_ __M. Inst. C. E. (63) Vol. 175. 

vaussées The Stresses in a Suspension Bridge.* H. Chase, (12) Serial beginning May 7. 
ai The Collapse of the Reinforced-Concrete Arch Bridge across the Illinois River at 

Peoria, Ill. (13) May 13. 

Bes York | A Neglected Splice tor Timber Te 


Soc. C. BE. (13) May 20. 
ton, Pa. 7 ‘The 42d St. Bridge, Philadelphia, Pa.; an Arch with ‘Steel Ribs Filled Between 
Concrete.* (13) May 20; (14) May 22. 


w york Reinforced-Concrete Trestles with "Pile Bents and Girder-Slab ‘Spans: Chicago, 
nchester, © Stability of Arches.* Henry Adams, M. I st. C. E. (Paper read before the 
Civ. and Mech. Engrs.” Soc. (96) May 28. 
cher In- Computation of a Reinforced Concrete Arch Rib with Fixed | Ends | for a Pro oposed - sed 
Street Bridge at Oakland, C California. A. W. Miller. (86) June 2, 
Berlin, The Pegu-Moulmein Railway and = Sittang River. * A ‘Stewart Buckle. (12) 
ort, Ger- The New Bridge over the Wear.* Serial beginning June 4. 
iis - Pile-and- Cylinder Foundations of Norfolk & Western Bridge No. 5, Elizabeth River, 
rlin, Ger- at Norfolk. * J. E. Crawford, M. Am. Soc. C. (Abstract of paper 
_ before the Engrs. and Constrs.’ Soc. of Tidewater, Va. (13) June 10. 
7 Riga, The Galveston Causeway.* F. E. Lister. OO) WA 
Mg, il Meihod of Constructing Concrete Abutments on Concrete Cylinders for a Skew 
In Bridge across the North Shore Channel of Sanitary District Chicago. 
q The Pennsylvania Steel Company’ s Report on the Blackwell’ s Island Bridge. R. 
. B., New Reinforced Concrete Arch Cement Block Face.* R. McDowall. (96) June 25 25. 
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CURRENT ‘ENGINEERING ‘LITERATURE 


Erection of the Bridge at Lyn, Va., by the Cantilever Method.* 
 L. L. Jewel, Assoc. M. Am. Soc. C. E. (13) July 8 — 
Short- -Span Bridges over City Crossings.* (14) Serial beginning July 10. — 
Concrete Bridge Specifications. T. H. Macdonald. (Paper read before the Iowa 
Cement Users’ Assoc.) (96) July 16. | 
The Gualeguay River Bridge. * J. R. Garrod and P. J. Risden. | (11) ‘July 23. 
Progress on the Manhattan Bridge.* (14) July 31. , an 
Note sur le Pont d’Arciat.* Parent. Mar. 
Pont de Chemin de Fer sur le Song-Ma (Tonkin). * Ch. Dantin. — (33) _ May oo 
Achévement du Viaduc Fades sur la Sioule (Puy- -Dome).* Dumas. (33), 
Le Pont de Commerce a Ares Conjugués Ja Mouse a ‘Th. Seyrig. 
Graphische Behandlung von ‘Bogentragern fiber Mehreren| Oeffnungen una - (in 
Wagerechter Richtung) Elastisch Nachgiebigen Unterstiitzungen.* A. 
a Nickelstahl fiir Eisenbriicken. * (Discussion of article in ‘Proceedings, Am. Soc. 
Die Kaiser Wilhelm- Briicke in Wilhelmshafen.* Karl Bernhard. (48) Serial 
_Eisenbahniiberfiihrung in Eisenbeton auf Bahnhof Loérrach der 
 Staatseisenbahnen. a B. Kirsch. (78) Serial beginning July 2, 3 | 


or Press Fits for Armature or -Wheel ‘Hubs.* 


Testing of Induction Motors.* Stanley P. ‘Smith. 73) Serial beginnin 
he Failure of a Portion of a Steel Tower Electric Transmission Line in. California. ” 
Edwin Duryea, Jr., M. Am. Soc. C. E. (13) May13, | nis 
The Hydro- Electric Power Plant of the Rio de Janeiro Tramway, ‘Light & Power | 
Company.* L. L. Perry. (27) May 13. | 
Interconnections of Electrical Equipment of Indiana ‘Steel Company, ‘Gary, ‘Ind.* 
A. Lof. (27) May 
Economies of Medium-Sized Power Stations; a Study of Comparisons ~ between 
Steam, Gas and Oil Engines.* Pfeiffer. (Abstract of paper read 
._ before the Inst. of Elec. Engrs.) (73) May 14. _ 
The “Z” Electric Lamp Works, Southfields. * May 14. 
Divided-Fall Hydro-Electric Developments on the Hoosic River.* (27) May 20. 
The Switchboard Equipment of the indians Steel Company at deo Ind.* E. A. Lof. 
System of the Philadelphia Electric Company.* Qn May 27. 
Heavy Wire Terminations.* (27) May 27. re, — 
= and Regulation in Long-Distance Lines. Percy H. Thomas. (42) June. 
Calculation of the High-Tension Line. Percy H. Thomas. (42) June. 
The Resistance and Reactance of Armored Cables. J. B. Whitehead. (42) June. 
Reduction in Capacity of Polyphase Motors due to ee in Voltage.* S. B. 
y Charters, Jr., and W. A. Hillebrand. (42) June. el 
Cale of Iron Losses in Dynamo Electric Machinery. 
Jun 
‘Comparative | Costs of 25- ‘Cycle and Cycle Alternators Carl Fechheimer 
The Heating of Induction Motors. * A. Miller Gray. (42) June. 
Function of Fly- Wheels in Connection with Electrically Operated Rolling: Mills. 
-Repulsion Motor with Variable- Speed Shunt Characteristics. * F. Alexander- 
The Measurement of the Insulation Resistance of a Live Three-Wire 
Gisbert Kapp and J. Dennis Coales. (77) June. 
Experimental Analysis of Armature Reaction.* Gisbert Kapp. © (77) June 
The “G. B.” from Manager's of View.* Stanley 
(77) June. 
Parallel Operation ot Alternators. _E. Rosenberg. (77) 
Th Improvement of Power Factor in Alternating- Current Mil Miles, Walker. 
Blectro- Hydraulic Pumping Plant at the Bristol Docks.* 1 a Clatworthy. ; 
‘The Arrangement of Catena Conduit for Electrical Distribution. ‘Sydney W. 
Differential Ballistic Methods of Measuring Hysteresis Losses. Beattie 
Bilton. (73) Serial beginning June 4. | 
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CURRENT ENGINEERING LITERATURE 


“Note on Horizontal Receivers and in Wireless| Telegraphy. 
Macdonald. (Abstract of paper read before the Royal Soc.) (73) June 4. 

Function of the Earth in J. A. (11) 

beginning June 4. ar 

‘The Melbourne City Electricity ‘Undertaking. = (26) June 4. 

Central-Station Practice and Results from Waterloo, Ia.* (27) June 10. Fe 

of of Washington, Seattle, * George Tinker. 

) une 


Researches in Radiotelegraphy. A. Fleming. (Abstract of paper read before 


the Royal Inst.) (73) beginning June 11 (11) Serial beginning 
Electricity and the “Times.” (73) June 


The Comparative Values of Various Coatings a Coverings for the Prevention of 
Y Soil and Electrolytic Corrosion of Iron Pipe. | Robert BL Harper. — (Abstract 
of paper read before the Ill. Gas Assoc. ) (83) June 15. ee ye — 
-Tension Transmission System at Gaucin-Seville, Spain.* (27) June 17. 
Recent Improvements in Construction.* Ss. Way. 
Cost of Underground Conduit. Systeme Electrical Distribution, 
New Telefunken System. Arco. (Abstract of read before 
The Lepel Wireless Telegraph System.* J. Erskine- nie (73) June 18. 
Electric Power at Messrs. Cassell & Co.’s Printing Works. (26) June 25. | 
Method of Testing Transformer Core Losses, giving Sine- on Com-- 


| 


mercial Circuits.* L. W. Chubb. (42) July. 
A Sketch of the Theory of the. Adjustable- -Speed, Single- Phase, Shunt Induction 
Surges on a Cable System with ‘an Aluminum Surge Protector. . BE. E. KF Creigh- 
ton and D. Sprong. (42) July. 


The Application of Storage Batteries to the Regulation of ee Alternating- Current 
Load at the Plant of the Indiana Steel Company, Gary, Indiana.’ Lester 
Woodbridge. (42) July. | 
Some Considerations in Designing Heavy Capacity Fuses. * Louis we 
Modern Telephone Cable. * Frank B. Jewett. (42) ‘July. 
Even Harmonies in Alternating-Current Circuits.* John B. Taylor. (42) ‘July. 
Multispeed Induction Motors.* H. G. Reist and H. Maxwell. (42) July. 


Electrical Measurements Circuits Requiring Potential Transformers. 
aad L. T. Robinson. (42) July. ; 
Automatic Motor Control.* H. E. White. (42) 
7 The Testing of Transformer Steel. M. G. Lloyd and J. V. S. Fisher. (42) July. 
The Convection of Heat from Small Copper Wires. A. “i. Kennelly, 
and J. S. Van Bylevelt. (42) July. 
_ The Current Locus of the Single- -Phase Induction Motor. AS. Langsd (42) 
A Corona Phenomena in and their Relation to “Transfor me 
W. S. Moody and G. Facvioli.. (42) July. 


Improvement of Power-Factor and Commutation | Condition in Single-Phase Series 
-Motors.* A. McAllister. (3) July. 

Electromotive Force Wave-Shape in Alternators. Comfort A. Adams. (42) ‘July. 

Plant of the Greenville Light, Water & Ice Company, Greenville, Ky. - James S. — 


Conditions Encountered by Towers © in High-Tension Transmission Lines. N. | 
The Construction of High- Frequency “Apparatus* George Hanchett. (27) 


- Modern Cable Systems.* _E. M. Hollingsworth. (Paper read before the Inc. 
Elec. Assoc.) (47) July 2. 
The New Telefunken Apparatus.* (73) July 2 
- The Public Supply of Electric Power. G. L. Addenbrooke. (29) July 9. 
Cheap Units.* Alex. Sinclair. (Paper read before > the Inc. Mun. Elec. Assoc.) 
Expertmentet Method for the Analysis of E. m. f. Waves.* -P. G. Agnew. (27) 
“The Electric Power Supply of Chicago.* (73) Serial beginning July 16. es 
W. Pickard. (Abstract paper before ‘Wireless Inst.) 


12 500- of the North Dakota.* 25. 


Som e Experiments. with Lightened Beam Brackets. R. Earle Anderson. 
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Marine—(Continued). 


Mast and Derrick Mountings. * (95) Serial beginning June. a re 
Transmission of Intelligence on Steam Vessels. * FH. A. Hornor. a (3) June. 

The French Submarine Salvage Boat Vulcain.* (12) June 11. 

The Scantlings of Steel Vessels. (11) June 25; (12) June 25. — ae —s 
The Operation and Management of the Parsons Marine Steam Turbine as Practised 
on the U. S. S. Chester.* A. F. H. Yates. (From Journal, Am. Soc. Naval 

: Engrs.) (12) Serial beginning June 25. 

The Shipbuilding and Engineering Company ‘of Akers Mekaniske \ Verksted.* A 
Gundersen. (95) July. 


Steam in Marine Work.* J. Rowan. (05) Serial beginning 


The Marine Steam Engine Indicator.* Charles S. Root. (95) Serial beginning 

The Management and Equipment of an Experimental Tank. Serial beginning» 

rere Concrete Boats. Kieffer. (98) Aug. 


Some Modern Retort Coke Ovens, with Special to the Practice of the 
Nova Scotia Steel and Coal Company, ‘Sydney N. 8.® 
C. L. Cantley. (5) Vol. 22, Pt. 2. ae 
Considerations in the Application of Steam ‘Turbines to. Power 
Generation.* J. R. Bibbins. (5) Vol. 22, Pt. 2. 
‘The Central Power-Station of the De Beers Consolidated Mines, Ltd., "7 Kimberley, 
§outh Africa.* Percy A. Robbins. (56) Vol. 39. 
Typecasting and Composing Machinery.* L. A. Dec., 1908. 
The Development of the Downflow Boiler.* J. C. Parker. oa Jan. 
The Value of Gas Power.* Charles E. Lucke. (6) Apr. — 
Alloy Steels for Motor-Car Construction. _ A. (3) ‘May. 
Results with Vertical Retorts at Trieste.* -Sospisio. (From Il Gaz.) 
Reversing Valve Gears in General Use.* Simpson Rice. (64) “May 2. 
Bolz’s Arrangement of Vertical Retorts.* (66) May 11. 
Calorific Value of California Fuel Oil. R. W. Fenn, M. Am. Soc. C. E. (13) 
Power from the Sun’s Heat.* (13) May 13, 
Experiments in the Development of from the Sun’s Heat. H. Willsie, 
May 13. 
Hydraulie Coal- Handling Equipment at the Garston: ‘Docks.* (22) 14. 
; ad Indicator Diagrams.* W. A. Tookey. (Paper read before the Assoc. of Enegrs.- 
 in-Charge.) (47) Serial beginning May 14. | 
; 5 Gyroscopic Balancing of Aeroplanes.* Lucien Fournier. (19) May 15. 7 
Cement Production.* A (14) 
Calorimetry.* B. read before the New of Gas 
(24) May 17; (83) May 15. 
Mechanical Equipment of the Plaza Hotel.* Warren O. Rogers. (64) 18. 
Permanent Molds for Iron Castings.* Edgar A. Custer. (20) May 20. | 
i Computation of Engine Horse- Pow er Rating Formule.* W. Worby a 


(Report to the Royal Automobile Club.) (12) 
Balanced Valves.* (15) May 21. 


Aeroplane Problems. Herbert Chatley. (19) Serial beginning May 22, 
‘Cast-Iron Molds and Their Effect upon Castings made in Them. Edgar A. Custer. 
(Abstract of paper read before the Amer. Foundrymen’s Assoc.) (13) May 27. 
‘Variation in Angular Velocity of Fly- Wheels.* — Alex. R. — A. M. I. Mech. E. 
~The Purchase of Fuel on a British ‘Thermal ‘Uni it Basi: > Lawrence P. a 
Smoke Prevention or Smoke Consumption.* a ‘Har old a Vv. Coe - 9) Serial b beginning 
“aa 
Suggestion for Overloaded ‘Boiler Plants. * Carl Ss. (9) 
Mill B of the Pacific Portland Cement Company, Con., near Suisun, Cal. a ie 
Roiler Corrosion as an . Cc. ‘Burgess. ss. (4) June. 
The Suction Gas Producer.* T. W. Burt. (10) June. 
 Clutehes.* Thomas R. Shaw. A. M. I. M. E. (47) Serial beginning June 4 
Easement Curves. * Robert H. Smith. (12) June 4. 
June 4, 


_ The Thermal and Combustion Efficiency of a Petrol-Motor. . 


The Davidson “Gyropter”” Flying Machine* (19) June 5. 
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ENGINEERING ‘LITERATURE 


Mechanical— (Continued) 


Design of Condenser and Cooling Tower Plants. M. t of paper 
read before the Nat. Elec. Light Assoc.) (14) June 5. om 
“The Comparative Practical Efficiency of Various Types of Gas Lamp. W. C. ‘Ware. 7 

(Paper read before the New England Assoc. of Gas Engrs.) ait June 7; 
A Comparison of the Values of Benzole and Gas Oil. Willien. 

(Paper read before the ew England Assoc. of Gas Engrs.) 7 


(83) July 1. 
The Relative’ Advantages of Reciprocating Engines and for Traction 


Stations.* G. Rizzo. (Abstract of a ‘Report: the Soc. Gen. des 
800-Ton Testing Machine at Birmingham University. (22) June 
Vacuum Ash Conveyor at Armour Glue Works. wil George B. Hess. (64) June 15. 
Schoen Steel Wheels.* (20) June 
Pistons and Piston Valves.* “Serial June 18. 
The Mechanics of Ilgner-Operated Winding-Engines.* R. H.  Collingham, A. 
ow-Pressure Steam Turbines.* OC. H. Smoot. (Paper read before the National 
d 


Blec. Light Assoc.) (64) June 22, 
Sioux Falls Hydroelectric Development.* Simpson Rice (64) June 22. 
Heating Research. (Report of a to the of Gas ) (66) 
Carbonization in Settings.* R. Lessing. read before the 
Gas Engrs.) (66) June 22, 
-Carbonizing. * J. Ferguson Bell, M. Inst. Cc. (Paper read before th Inst. of 
"Some Advantages and Disadvantages of a Hot-Coke Conveyor.* ‘Robert Watson. 
_ (Paper read before the Inst. of Gas Engrs.) (66) June 22 a ie see 
Illuminating Efficiencies of Carbon Monoxide and Hydrogen used in Conjunction 
with Incandescent Mantles.* Arthur Forshaw. (Paper read before the Inst. 
Study in Working Costs (Gas). Herbert Lees. (Paper Tead before the Inst. of. 
“Gas Engrs.) (66) June22.0 
Harmet Process of Ingot Compression.* J. F. Springer. (20) June 24. 


Tests of a Double-Zone Bitumincus Gas Producer. * John B. Klumpp, Assoc. Am. 

- | Inst. E. E.; Carlton A. Graves, Assoc. Am. Inst. E. E., and Irving E. Moultrop, 
a Mam. Soc. M. E. (Abstract from report to the National Elec. Light Assoc.) 


(13) July 1; (14) June 26; (20) June 17. 
The Absorption Refrigerating Machine.* W. E. Crane. (64) 29. 
Gasoline Electric Automobiles.* Justus B. Entz. (3) July. 
The Advantages and Disadvantages of Results of Working. 
(Report to the Inter, “Tramways and Light Union. vion.) 
Juy. 
Otto. (Report to the Inter. Tramways and Light Union.) (88) 
The Dirigible Baloon with Gyroscope Control. Russell Thayer. (3) July. 
Recent Developments in Large Gas- “Engine Design. * Percy R. Allen. ‘Serial: 
Aerial Tramway for Coal.* Robert M. (45) July. 
The Diagonal Patch (Boilers).* R. E. M’Namara. (94) July. a 


_ Proposed I. M. B. M. A. Standard Punches, Dies and Couplings.* (94) _ a 
Power Requirements for Rolling High-Carbon — “Small Section Brent 

Electrie-Driven Rolling Mills. E. Friedlander. (42) 


F 

Freight-Handling Equipment ; an Analysis: of Modern Practice. Werner Boecklin. 

Reeent Development in ‘Conveying Machinery for Coal and Ashes.* Wilbur G. 


Hudson. (9) July, 
Koppers Ammonia Sulphate Plant.* (83) 
The Koppers By-Product Coke Oven. * (57) July 2. o 
“The Relation of the Character of Coals to the weaeention-< of Smoke. Dp. T. Randall. 
(Paper read before the Inter. Assoc. for the Prevention of Smoke.) — (96) July - 
2; (62) July 12; (14) July 3. 
The First Installation of Dessau Vertical Retorts in England. * (66) _ July 6. 
A System of High and _ Low Pressure Hydraulic Accumulators. Williams. 
(8S) July 2: 
Vertical Retort under the Dessau System in Course of 
: for the Providence Gas Co., Providence, R. I.* Frederick J. Mayer. (83) July 


as Measurement of Compressed Air.* Orr. (Paper read before the Transvaal — 
Inst. of Mech. Engrs.) (47) "Serial ‘beginning July 
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Mechenical— (Continued). 


Solution of Flight Problems by Graphical Methods.* M. F. Logan. (42) _ July 16 
_ The Pyrometry of the Beehive Coke Oven.* J. R. Campbell. — (Paper 1 read before the 
_ Coal Min. Inst. of Amer.) (16) July 17. ‘ 7 


Transfer (Boilers).* (Extracts of paper read before the "Amer. Ry. “Master 
Mech. Assoc.) (18) Jaly £7. 
‘The Development of the Ammonia Industry in Gas Works during the Last Fifty 
R. W. Hilgenstock. (24) July 19. 
The Wetterhorn Cableway Incline.* (13) July 22. 
_ The Virginian Railway’s Coal Handling Plant, Sewell’s Point, Va.* July 22. 
Sellers 42-In. Car Wheel Lathe. July 
; A Fatigue Testing Machine.* J. H. Smith. (11) July 23. 
Experience with Suction Gas Producers. (12) July 23. an 
_ New Stone-Crushing Plant of the Dolese & Shepard Company.* (14) Serial be- 
_ The Selection of an Oil for Lubrication.* Henry M. Wells and wm. ‘Scott-Taggart. | 
Plant of the Commonwealth Power Company. Osborn Monnett. July 27. 
The Mechanical Plant of the Harvard Medical School. ore S. Knowlton. (14) 
: Serial beginning July 31. 
Wetterhorn Aerial Cableway.* wm. F. ‘Johnaton. | (14) 
Conveyors for Handling Materials.* George Frederick Zimmer, 
The Gasification of Beat with Recovery of Chemical By-Products. 
Recent: ‘Developments in Conveying Machinery for Coal and Ashes. 
Etat Actuel de l’Aviation.* Taris. (43) Mar. 
De la Compression de la Vapeur Appliquée !’Evaporation. (32) 
_ Application de la Compression de la Vapeur a T’Evaporation des Liquides Indus- 
ss triels.* Ch. Prache et Ch. Bouillon. (32) Apr § 


Sur la Cémentation du Fer et de Ses VOxyde de Carbone. Charpy. 

Essais Exécutés sur une Nouvelle | Mi- Fixe & Surchauffe, 

‘Maison R. Wolf.* Gutermuth. (37) May. | 
Le Transbordeur Funiculaire 4 Voyageurs du Mont ™ prés de Saint- Sébastien 
(Espagne).* G. Espitalier. (33) June 5. 

Les Moteurs Explosion L ézers pour et AGroplanes.’ * Ch. ‘Dantin. (33) 


_Détermination du Diamétre et du Poids des Roues des Automobiles. Girardault. 
‘La Condensation par Mélange systéme ‘Westinghouse- Leblanc, a la Fosse ‘Lambrecht, 
Mines d’Anzin.* Ch. Dantin. (33) July 17. 
Neue Methoden zur Berechnung von Kalibrierungen. * W. Tafel. (50) May 5. 
Die Steel in Mossend bei Glasgow. * (50) 
May 


Teer- und Ammoniakbehiiter des der Stadt Weimar. (78) 
Untersuchungen tiber den Arbeitsvorgang Injektor.* * Schrauff. 
beginning May 15. 
Der Kraftbedarf von Walzwerken.* H. (48) 22. 
Die Neuen Walzwerksanlagen Westfalischen Stahlwerke in Bochum.* (50) 
26. 
Ueber den Schnittwiderstand on der Bearbeitung der Metalle durch Abheben von 
Die van der Waalssche Theorie der Gase und Fliissigkeiten und Ihre Beziehungen _ 
den Ingenieurwissenschaften. J. B. Goebel. (48) May 29. | 
Eine Neue Sandaufbereitung.* C. Henning. (Paper read before the Deutsche _ 


Die Elektrisch Betriebene Umkehrblockstrasse der Rheinischen ‘Stahlwerke.* ‘Georg 
‘Meyer. (50) June9, 


Geradbahn- und Kreisbahn- Relzmaschinen.* Lohse. (50) Serial beginning 
Bremsresultate einer Kesgelturbine von 300 PS.* Karl Gottwein. (53) 18. 
Die Anlagen der Oberschlesischen Fisenbahn-Bedarfs-A.-G. zu Friedenshiitte. 
-Turbodynamos und ‘Turboelektromotoren. F. Niethammer. mer. (48) (Serial 
Die Regelung von Dampfturbinen und ihr Einfluss auf die ‘Leistungsentwicklung ~ 
_ den einzelnen Druckstufen. Herbert Baer. © (48) Serial beginning July 3. 
Die Leistungen von Kreiseln und Schépfradern. Hagen. (48) Serial 
sowie deren ‘Berechnung: bei Turbomaschinen hhort- 
zontaler und vertikaler Welle.* Emil Gutmann. (97) July 5. 


CURRENT ENGINEERING LITERATURE (839 
4 
a 
q 
q 
al 
| 
4 


| = 
— 
‘, 
— 
=~ 
1 
— 
| 
— 
33 
4 
= 
— 
— 


Mechanical—(Continued). 


Kritik der Drachenflieger. * Ansbert | Vorreiter. (48 


‘The Air Furnace Process of Preparing White Cc 

a Process.* Henry M. Howe. (56) Vol. 39. 
The Wilfley Table, II. Robert H. Richards. (56) 
q _ Charcoal and Coke as Blast- Furnace Fuels. © R. =. 


and Ivan E. Goodner. (56) 39. 


Amer. Electrochemical Soc.) (20) May 13. 


Allen. (16) May 15. 


Palmer. (45) June. 


Thomas Swinden. (77) June. 


Soe. and the Amer. 


Iron and Steel.* Ch. A. Keller. | (Abstract of 
June 3. 


The Tintic Smelter.* Leroy A. Palmer. (45) Jul 

; Pittsburg Silver Peak Mill.* Henry Hanson. (45) 
The Gayley Dry Air Blast. «July. | 
Methods of Refining Steel in the Electric Furnace.* 


Tailings en Plant at the Wolv erine Mill. * 


C. 


Recherches Expérimentales sur la ee des Matte 
Troutneff. (93) Maye 


—-Duretée.* Loutchinnsky. (93) May. 
Les Alliages de Cuivre Spéciaux.* Jean manos. 


Ficld Guns for Destroying Dirigibles.* (19) May 


- Tho Engineering of Ordnance.* A. Trevor Dawson. 


CURRENT ENGINEERING 


_ Massenbeférderung von Kohle auf den Gruben der Anhaltischen Kohlenwerke.* — 


The Carbon-Iron Diagram.*. Henry M. Howe. (56) Vol. 39, 
The Mechanical Preparation of Ores in Sardinia.* Erminio Ferrario. (56) ‘Vol. 
The Hardinge Conical Pebble-Mill.* H. W. Hardinge. (56) Vol. 
/ _ Investigations on Jigging.* Royal Preston Jarvis. (56) | Vol. 39. | 
The Relation of Slow Driving to Fuel- -Economy in Tron Berenice Practice. 


The Behavior of Calcium Sulphate at Sicvated with 
sais H. O. Hofman and W. Mostowitsch. (56) Vol. 39, £2 
Gayley’s Invention of the Dry Blast. R. W. Raymond. (56) Vol. 39. | 
 Eabeees with the Gayley Dry Blast at the Warwick Furnaces, Pottstown, Pa.* 


“The Pearce Gold- Separation Process. Harold V. Pearce. (56). Vol. 39. 
; ~The Magnetic Separation of Ores and Its Application to Spathic Iron (Siderite) in 
_-Siegerland. i J. Bartsch. (Abstract of paper read before the > Assoc. Berg- 
Stock Distribution for Blast Furnaces.* J. E. Johnson, Jr. (20) May 18. 


The Heroult Electric Steel Furnace.* Robert Turnbull. before the 


Charecal Blast Furnace Practice in the Ural.* M. A. Pav loff. (12) 14. 
C—O in the Treatment of Slime by the Vacuum Filter Process.* Arthur > 


e Electric Furnace Reduction of Iron Ore. Joseph W. Richards. (Paper read 
before the Amer. Electrochemical Soc.) (13) May 20. 


The Pierce Amalgamator.* Justin H. Haynes. (45) June. aad 
‘The Ohio Concentrator ; a Description of the ‘Mill Bingham, Utah.* * Leroy A 


on the Magnetic Properties of Carbon Steels.* 


Contribution to the Study of Electric ‘Furnaces as” Applied to of 


Automatically Circulating Furnaces of the Gin Type for the 
: of -bteel. * Gustave Gin. (Abstract of paper read before the Faraday Soc. 7 


‘The Matte Tapping Car.* F. T. Havard. (16) 


Designing Blast Furnaces.* M. Pavloff. (22) July 9 
Au All Slime Cyanide Plant at Guanajuato, Mexico. Bdwin Shapley. (16) 


Shortening the Roasting Period for Mercury Ores.* William B. Dennis. (16) 


Determining Carbon in Steel.* Warren I. Keeler. July 22. 


—Quelques Expériences sur la Trempe au Plomb et les de sa 


Inst. of Engrs.) (11) Serial beginning July 2. 


Serial beginning July 10. 


ast- Iron for the Malleablizing 


Vol. 39. 


Sweetster. (56). Vol. 


read before the Faraday 
2) June 18; (73) July 2; 


wire 


Suly. 


B. C. Kershaw. (10) July. 


Kemble Baldwin. (16) July” 
PEN 


s de Cuivre. ail A. Baykoff et N. 


(33) Serial beginning May 


(Paper read before the Jun. 
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CURRENT ENGINEERING LITERATURE 


The Mining and Milling of ‘Silver-, ‘Lead- and Zinc- Ores cat Pierrefitte Mines, 
William Waters Van Ness. (56) Vol. 39. 
- Sulphur Dioxide as an Agent in Fighting Mine- Fires. Walter 0. ‘Snelling. 
Calculation of Mine ‘Values. R. B. (56) Vol. 39. 
Effect of Humidity on Mine Explosions. Carl Scholz. (56) Vol. 39. 
Requirements of a Breathing-Apparatus for Use in Mines.* nich Mingramm. 
“The Ilsede Hiitte Iron-Mines at Peine, Germany.* _ Lucius W. Sie - (86) Vol. 39. 
Machine Mining under Difficulties. a John Gibson. (59) Vol. 31, Pt. 5. 
Dredging at Butte.* A. Floyd Bushnell. (16) May 15. 
Method of Extracting Oil from _Boreholes. Frederick A. Talbott. (16) May 
A Comparison of Coal-Cutting Machines, dney F. Walker. May 
Electricity in Coal Mines. Robert Nelson. (Paper read before the Inst. of Min. 
_ Engrs.) (22) May 28; (57) June 4, 
The Use of Concrete for Mine Support. W. R. Crane. read before 
Inst. of Min. Engrs.) (22) May 28. | 
The Coal Dust Question in Great Britain.* Henry Hall. (16) May 29. 
Suction Gas and Its to Mining. George D. Stephen. (16) May 
- New River Coal Field, Va.* H.H. Stoek. (45) June. 
The Steel Oil Derrick.* Wi. B. Woodworth. (58) June. _ 
A Model Coal Mine in Westphalia.* William S. Hall. (16) J 
The Panel System as Applied to Metal Mining.* H. E. West. (16) June 12. 
A Novel Coal and Stone-Cutting Process.* Alfred Gradenwitz. (16) June 19. 
Automatic Dumping Skip. for Vertical Shafts.* Geo. C. McFarlane. 16) June 26. 
Ray Consolidated Mines.* R. L. Herrick. (45) July. — oa 
Determination and Regulation of the Percentage of Gas in Currents. * 
John Gordon Smyth. read before West Coal Min. Inst.) 
July; (16) July 3. 
Some Simple Causes of wine D. Tracy, Assoc. M. Am. Soc. C. 
Survey to Fix Position of the Water ‘Haigh Pits. G. R. Thompson. ‘(Paper — _ 
before the National Assoc. of Colliery Mgrs. > (22) 2. 
The Experimenting Station at Lievin, France.* Tony Callot. (16) July 3. 
An Electrically Operated Hoisting Plant.* A. Gradenwitz. (16) July 10. 
Electric Hoisting Equipment at Winona, Mich. R. R. Seeber. (16) July 17. 
- Pumping Plant at the Tombstone Consolidated.* Elton W. Walker. | (16) «July 2 24, 
Modern Gold Placer Dredging.* George B. Massey, 2d. — (10) Aug. — 
7 La Lutte contre les Poussiéres de Houille dans les Mines.* J. Daniel. - (Abstract 
from des Mines.) G3) July 17, 


Notes on Canadian Forestry. Stanislas Gagné. (5) Vol. 22, Pt. 2. | 
and the Conservation of our Forests and Minerals. ‘Marston Taylor 
| The Salette Landslide of 1908 and some Earlier Quebec Landslides.* (13) May 27. 
Temperature Determination and Control for High-Speed Tool Treatment (Pyro-— > 
_ meters).* O. M. Becker. (9) June. 
Go oing Value and Methods for its Computation. .* John W. Alvord. (Abstract of 
paper read before the Amer. W. W. Assoc.) (14) June 19. 
ee Problems which Public Utility Commissions are Endeavoring to | Solve. 7 
H.C. Abell. (From The Armour Engineer.) (24) Serial beginning June 21. : 
Cost Estimating; a Discussion of Principles with Actual 
Work. Jean Bart Balcomb. (86) July 14. 
La Radioactivité en Géologie et dans l’Atmosphére. P. Besson. (32) on. 
= Etude des Vibrations du Sol lors des Tremblements de Terre Conséquences a au 
Point de Vue Théorique.* J. Bergeron. (32) Mar. 
Madagascar. Ch. Marquet. (32) Apr. 
Be Anciennes Charrues de France. * Henri Chev alier. (32) May. . 


The Rotherhithe Tunnel (Street traffic).* Edward Henry Tabor. Vol. 175. 


it; its Deliberations; and its Results. | Austin B. Fletcher. wh (Paper read before 
the Bost. Soe. Civ. Engrs. 
Road Machinery. .— A. Rankin. (Paper read before the Ont. Good Roads Assoc.) 

Concrete Roadways. Ernest McCullough. (96) May 28. 

Concrete Roadways. * Charles W. Ross. (96) June 4. 

Vitrified Roadways. * Will P. Blair. (From Good Roads 

July. 
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= 
An “Accelerated Test” of ‘Road Wear by Automobile Traffic. (13) July 
_ The Public Lighting of the City of London ; Report of the ‘Deputation to Continental 7 
Cities. (66) July 20. 
Road Materials and Some Simple Testing B. Wietcher, 
= (Paper read before the ist Cong. of Road Builders. (14) 
uly 


Die Bisherigen Ergebnisse der Teerungen auf den Rheinischen _ Provinzialstrassen 


bis zum Friihjahr, 1908. Gorz. (Paper read before the 
Ingenieur- Verein Cassel.) (51) 8. 


On the Serviceable Life and Average Annual Cost of Locomotives in in Great Britain. 
Price-Williams, M. Inst. C. E. (63) Vol. 175. 
Glasgow Central Station Extension. * Donald Alexander Matheson, i Inst. C. E. 
The Rotherhithe Tunnel (Street traffic).* Edward Henry Tabor . (63) Vol. 175. 
‘Straight Air Brake Equipment.* J. B. Parham. 22, Pt... 2. 
Improvements at the Works of the Canadian Locomotive Company, Kingston, Ont. 
Henry Goldmark. (5) Vol. 22, Pt. 2, 
A Calibrated Speed Recorder (Train movement). * ALB B. Stitzer. ey Jan. 
Influence of Ash on Value of Coal in Locomotive Service* (61) Apr. 
The Resistance of Railway Trains. Albert Frank. (88) May. 


Uniformity in the Symbols used to Represent Different of Locomativen, * 
Labryn. (From De Ingenieur.) (88) ag 

Terminal Improvements at Prov idence, Georee B. Francis. (Paper 
ro before the Boston Soc. of Civ. 


(Paper read before the Boston hes. of Civ. Engrs.) (1) 
Development in Air Brakes for Railroads with a Brief Review of Past and Present 
_ Operating Conditions. W. V. Turner and S. W. Dudley. (65) May. 
New 4-4-0 Engines, North-Eastern Railway.* (15) May 14. 
“Shop Notes from the C., St. P., M. & O. (15) May 14. 
gem Branch of the Canadian Pacific.* May 14... 
Reinforced Concrete Roundhouse, A., T. & S. F. Ry.* (18) May 15. 
Conversion of New Canaan Branch from 500- 11 000-Vo]}t A. C. Opera- 
tion.* =(17) May 15. 
Electric Train Staff on the Southern Pacific. - 45) May , 21. 
A Suggestion for Tie Rods.* _ H. Herden. (15) May 21. 
Railway Development in China. Arthur John Barry. 
The Protection of Grade Crossings.* (96) May 
Comparative Rail Specifications. (15) 
| @ New York Passenger Terminal, Central R. R. of New Jersey.* (14) | May 23 22. 
f Steel Catenary Bridges for Lines in Central New York.* (17) May 22,0 
The Sigafoos Tunnel Machine.* Rowland Ashford Phillip. (46) May 22. ee 
Methods of Snow-Fighting on Railroads. A. W. Wheatley. - (Paper read before 
the Canadian Ry. Club.) (86) May 26. 
Hydraulic Construction of Large Embankments on the Chicago, Milwaukee & Puget 
Sound Ry.* (13) May 27. 
The Jacobs- Shupert Locomotive Firebox.* (15) May 28. 
7 he Passenger Rate of the American ‘William s. Bronson. Serial 
Mikado Type Locomotives Built by C., M. & Ry. * (18) May 29. 
‘The ‘Waterbury Improvements of the New Haven Railroad. * (14) May 29. aa 7 
June 3. 
2- 6- 6- 0 Type, “Virginian ‘Railway. (25) 
June; (15) June 18; (18) June 12. 
~The Manufacture of Points and Crossings.* (21) Serial beginning June. a _ 
-Zara’s Bogie; Italian State Railways.* (21) June. 
The Question of the Proposed Trials of Goods- Train Brakes. A. Huberti and a 
The Resistances and the Application of Double-Wire Transmissions for Operating — 
‘Switches and Signals at a Distance.* L. H. N. Dufour. © (88) June. | 
Low, Moderately and Highly Superheated Steam (Locomotives). al ~ J. "Cole. (25) 
Mixado Type Freight Locomotive, Virginian Railway. * (25) June. 
Location of Side Bearings on Tender Trucks.* Theodore H. Curtis. June. 
Seif Clearing Ash Pans (Locomotives).* (25) June, canvel 
Fla nge Wear of ‘Driving Tires (Locomotives).* R. H. Rogers. ‘June. 
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a 
4 
{ 
| 
7 
ai 
q 
{ 
| 4 
“4 
a 


i= 
4 Mec] 
Som 
a, 
The 
The 
Ove 
— an 
Ne 
=; 4 
Au 
Pa 
on 
Se 
G 
L 
4 
— 4 
| 
— 


INT ENGINEERING LITERATURE 


Comparative Tests of Water ‘Tube and Standard Fireboxes.* 8. “Riegel. (25), 
Cylinders for 4-Coupled Compound 2- 6-4 Engines; ; Austrian State Railways. o (21) 

4 Mechanical Appliances fer Track- Laying.* J. F. Springer. 4190) June. 
Remarkable Locomotives of 1908* J. F. Gairns. (10) Jume. 
= of Articulated Mallet Compound a oe the Southern Pacific.* 
(15) June 4; (94) July. | 
of New Locomotives. (96) 
Construction of the Transandine Railway. (14) 
| Ten-Wheel Tank Locomotive (3-Ft. 6-In. Gauge); Dutch Indian Railway. * 
The Electrification of the L. B. & S. C. Railway’s South London Line.* 
The Semaphore; Upper Left vs. Upper Right.* Cc. H. Morrison. (Abstract of paper 
read before the Ry. Signal Assoc.) (15) June 11; (18) June 26. © 
‘Simmen Automatic Railway Signal Device.* (96) “June 
Campbell-Olden Steel Side-Dump Car. (18) June 19. 
Locomotive Road Tests of Briquets. C. be Malcolmson. Serial beginning 
Overhead Construction for the Electrification of Main Trunk Lines.* Francis™ 
 Denneen. (Extracts from Purdue Eng. Review.) (8) Junel12. 


The Signal and Dispatching System on the Mimico Division of the Toronto & York | 
Radial Railway.* (17) | 


A Locomotive Firebox Staybolts in the Side Sheets and Crown Sheet 
(Atchison, Topeka & Santa Fe Ry.).* (13) June 17. 
Electric Interlocking at Alientown.* (15) June 18. 
| Mechanical Stokers. (Report to as Amer. Ry. — Mechanics Assoc.) 
New Locomotives for the St. Southwestern Ry. * (18) June 19. 
Detroit River Tunnel Locomotive.* (17) June 19; (13) June 24; ashame 19. 
New York Central Electric Locomotive.* (15) June 25. 
Automatic Junction Signals at Calvin, Oklahoma.* (15) June 25. 
Remarkable Plant of the St. Clair Tunnel.* a7 Monnett. (64) June : 29. ne 
Pacific and Consolidation Type Locomotives, and Alton 
«July; (18) June 5. 
‘Tabular Comparison of Notable Examples of Recent ‘Locomotives, yes, Arranged in 
Order of Total Weights. (25) July. | 
Locomotive Performance under Saturated and Superheated Steam. Ww. 
Goss. ‘(Abstract of paper read before the Master» "Assoc. 
“On the Question of Improvements in Locomotive Boilers. a (88) July. _ 
ee on the Question of Strengthening the Track and the Bridges with a View to Inc - 
ing the Speed of Trains. J. W. Jacomb-Hood. (88) July. — 
The “T. A. C.” System of Electric Train Lighting. Jaly. 
Zara’s Compensating Arrangement for Adjoining ‘Axles.* (21) July. 
_ On the Working of Italian Locomotives in Actual Service.* (21) July. 
Some Comparisons of Wood and Steel Ties. ds. M. Meade. © ‘(Paper read before the 
_Roadmasters’ Convention.) (87) July. 
The Widening of Wemyss Bay Railway. * (11) Serial beginning July 2. 
Consolidation Locomotives for the Pennsylvania. Ge) Jay 2 
The Loetschberg Tunnel.* H. Prime Kieffer. (15) July 2. 
Grade Separation. F. L. Somerville. (96) Serial beginning July 2, 
i Laying out of the Track in the Muskoka Divisional Yard. * C.D. Norton. (96) 
Latest Developments in Electric Railway oe C. D. Eveleth. (Abstract of 
paper read before the St. Ry. Assoc. of N. Y.) (17) July 3. 
Latest Improvements in Electric Railway Apparatus. J. L. Davis. (Abstract of. 
‘paper read before the St. Ry. Assoc. of N. Y.) | (17) July 3. 
— Work on the C., M. & St. P. Coast Extension.* (18) “Serial beginning 
‘Splicing gilis.* “(Abstract of report to Master Car Builders’ Assoc.) (18) July 3. 
Features of the New Northwestern Terminal in Chicago.* (27) 
Solution of ‘Transmission Line with 1 Capacity, and 
_ Harold Pender. aay. July 8. 


July 9 9. 

Head-End Electric Train Lighting (15) Juys. _ 
Compressed Gas and Electric Car Lighting.* Geo. L. Fowler. (15). July 9. 
The Pressure on Locomotive Brake Blocks.* -@b July 9. 7 
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| _ Car Wheels.* (Report of a Comm. to the Master Car Builders Assoc. ) (18) sa 

Reinforced Concrete Culverts of the Schenectady Railway.* (17) July 10. —_ 

A Railway Transfer Table without a Pit.* Henry V. Miller. (13) July 15. 

Wheel Foundry and Foundry Methods; Norfolk & Western.* George ana 

- The Effect of the Physical Characteristics of a Railway upon the Operation of | 
Trains.* (15) Serial beginning July 16. 
Opening of the Terminal Station of the Hudson & Manhattan Railroad. * a7 
The Earliest Balanced Locomotives. * Herbert Walker. Serial 

Newburgh and North Fife Railway.* 23. 
Equated Train Tonnage. M. Daly. (Abstract Til. Contras Employees Mag.) 

Compound Locomotive for the Little River R.* 
Use of Alternating Currents in Railway Signaling. W. K. Howe. (Paper read — 
before the Ry. Signal Assoc.) (15) Serial beginning July 9; (18) July 
The Operation of the Simplon Tunnel Railway.* (13) July 29. niet 
Interlocking and Signalling.* E. W. Oliver. (96) July 30. 
Christiania-Bergen Railway.* (15) July 30. 
Specifications for 90-Lb. Bessemer and Open Hearth Steel Rails for the Harriman | 


Lines. (15) July 30. 7) 
W. aterbury Extensions of the Connecticut Company. + (17) July 31. 


Bank Versus Level Firing (Locomotives).* E. D. Nelson. _ (Paper Tead ‘before the 
Am. Ry. Master Mechanics Assoc.) (25) Aug; (18) July 3. _ 
Note sur un Procédé d’Etude des Formules d’Exploitation pour les Chemins | de Fer 
d’Intérét Local.* Tourtay. (43) May 
Systeme qd’ ‘Essieux Coudés a Flasques Evidées (Locomotives). Frémont. (92) 
Note sur le Raccordement des Courbes et des Alignements ond les Voies de Chemins _ 
 @e Fer.* Collot. (36) May. 
Chasse-Neige Rotatif & Vapeur de la Compagnie d’Orléans. +. 


Automotrices et Locomotives a Vapeur Surchauffée des Chemins de de “Etat 
Note sur la Construction des Locomotives aux Etats- Unis, en ithe: th en 
France. Louis Le Chatelier. (38) 
Procédé de Réparation de Plaques Tubulaires au Moyen d@’Agrafes et de Bagues — 
--‘Filetées.* F. Level et P. Engrand. (38) 
Note sur les Chemins de Fer de l’Indo-Chine.* R. Godfernaux. (38) | June. 
Locomotives Pacific ‘Compound Quatre Gylindres de la Compagnie Orléans. 
(33) June19. 
Note sur les Machines & Dix Roues Accouplées- de la 
-pagnie des Chemins de Fer du Midi. * Bachellery. (38) July. 
Les Nouvelles Locomotives Electriques du Tunnel du Simplon. (33) 10. 
_ Die Schienenwanderung und Ihre Verhiitung.* Alfred Wirth. (53) Serial begin-— 
- Der Bau des Simplontunnels. * Konrad Pressel. (53) Serial beginning June pe 
_ Neuere Bauarten von Wechselstrom-Lokomotiven.* G. Brecht. (48) June 19. 
4 Railroad, Street. 


Electrical Equipment of the Washington Street Subway, Boston. (17) May 22. 
Labor Cost of Track Laying on Elevated Railways in = Now York City, also Some > 
Costs of Erecting Steel.* (86) June 2. — 
™ Report on a , Proposed Subway System for Street i 
Trains in Chicago.* (13) June 3. 
Rolling Stock Standardization in Brooklyn ; Improvements 


Equipment and Wiring.* (17) June 19. er 
bo Weights as Affecting Operating Cost.* (17) June 19. 
Valuation of Street Railway Properties. (17) _ June 19. 
in Conduit Railway Construction in London.* (17) July 
- Rolling Stock Standardization in Brooklyn; Specifications for Castings, Forgings 
and the Details of Standard Trucks * 


(17) July 24. 
Eine Eisenbetonschwelle fiir. ‘Strassenbahnen. Blass. (78) 2 


Sea Outfall-Sewers.* Ben Howorth. (63) Vol. 175. 


The Discharge of Sewage into Tidal Waters. George A. Soper. (6) Apr. 
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The Sewerage System of Salt Lake City. * L. H. Krebs. (Paper read before the 

Some Anomalies in Modern Plumbing Regulations. * J, Pickering Putnam. (Paper 
read before the Bost. Soc. Civ. Engrs.) (1) Apr. 
Drain Tile and Drainage.* A.0O. Anderson. (76) “Serial beginning May. = 
= Report of the Committee to Secure Data on Hot-Water Heating. (Amer. Soc. de 

Heating and Ventilating Engrs.) (70) May. 


Principles ot Sewage Purification. George W. Fuller. (Lecture before Corne 
niv. 
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(14) beginning May 15. 
The Electrical Treatment of Sewage Effluent. > (73) M May ay 21. - ey 
Treatment of Wool-Scouring and Dyeing Wastes at Dedham. (14) May . 
The Practical Sterilisation of Water and of Sewage Effluents. H. C. H. Shenton. 
(Paper read before the Inst. of Mun. Engrs.) (96) Serial beginning May 28. 
Air Cooling by Refrigeration.* W. W.«. Macon. (Paper read before the Amer. 


of Heating and Ventilating Engrs.) (70) June. 


Waterbury Sewage and its Septic Action.* Wm. Gavin Taylor. (13) June 83 
A Large Reinforced Concrete Sewer.* (14) June 5. 


The Extension of the Glaise Creek Sewer in St. Louis.* | (14) June12,0 


A New Method of Treating Sewage.* K. Imhoff. (From Surveyor and Municipal 
and County Engineer.) (96) Serial beginning 200 


The Disposal of Manufactural Wastes.* (14) _ June 26. 
Septic Tank Patent Conference. (96) July 
New Garbage Reduction Plant at St. Louis* (14) July3. 


Modern Aspects of Sewage Disposal and Sewerage Problems. Murray. 
_ (Paper read before the Saskatchewan Med. Assoc.) (96) July 16. .— 
The Sewage Testing Station for the City of Philadelphia.* (14) July 17. ad 
The Sanitary District of Chicago, and the Chicago Drainage Canal: A Review of il 
Years of Engineering Work.* Isham ‘Randolph, M. Am. Soc. C. BE. (13) July 
The of Manufacturing and with Domestic Sewage. 
A. Barbour, M. Am. Soc. C. BE. (Abstract of paper read before the Engrs. ° 


sur l’Epuration des Eaux d’Egout sur des Lits ‘Bactériens de Tourbe.* 
-‘Miintz et BE. Lainé. (92) Apr. 


sur l’Incinération et sur les "Déstructeurs” ‘@Ordures Ménagére. Damour. 
 ..... 
Locaux Industriels ‘Evaporation ‘@Eau. A. Papin, (33) 
May 1. 
Beispiele aus dem Gebiete des Th. v. Bavier. (48) May 29. 
Eisenbetonbauten fiir den Neubau der Klaranlage der =r Siegen. * Edwin Grahl. 
‘Die ‘Leistungen von Kreiseln und Schépfradern. H. Hazen. Serial beginning 
Sammelkandle und deren Héchstbeanspruchung. Wilhelm Voit. Serial 
Portland Cement ; the Le ‘Chatelier Test for Soundness. * arthur Ch Charles Davis, 
Tests on Reinforced Concrete Beams.* Brown. (5) Vol. Pt.. 2. 
The Resistance of Material to Impact.* T. E. Stanton. (75) “Nov., 1908. Jee 
Foundation for the Building for the U. S. Naval Experiment Station at Annapolis, 
Wid. Harrison W. Latta. (2) Jan. 
Determination of the Effect of Age and Exposure upon the Tensile Strength of 
Portland Cement before Use.* Charles C. Phelps and others. (8) Apr. 
ze he Development and Use of Steel Sheet Piling, with Some Data on the Preservation = 
of Steel Buried in the Ground. J. R. Wemlinger. (A the 
Tech. League.) (86) May 19. 
‘Storage Grain Blevator. * (15) "May 
‘Essential Formule in Structural Engineering. Horace Cubitt. read 
the Inst. of Mun. Engrs.) (96) May 28. 
The Design and Construction of Industrial Buildings. Herbert F. Stimpson. 
ture at Columbia Univ.) (14) Serial beginning May 29. 
The Building and Equipment of the Keewatin Flour Mill.* (14) - May 29. _ 
-Superstructure of the Liberty Street Ferryhouse, New York.* (14) May 29. 
Protective Coatings for Structural Material. R. S. Perry. (4) June — 
Steelwork in the La Salle. Hotel, Chicago.* (14) June 5. | Daa 
Racer Post Roof Trusses.* Walter Hey and Thomas R. Sturgeon. (11) June 11._ 


Foundations of the Goldfield Consolidated Mill.* Percy E. Barbour. (16) June 12. _ 
Raymond Concrete Pile Construction. * William F. Hall. (Paper read before the 
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_ An Example of Defective Truss Construction.* C. A. P. Turner, M. Am. Soc. Cc. E. 
_ Methods of Constructing Concrete Silos with Some Data on Design. * (86) Serial 
“The Setting of Portland Cement and its Regulation. H. K. G. Bamber. _ (Abstract - 
of paper read before the Concrete Inst. of Great Britain. ») (414) _ June 26. a 
] The Rankine-Gordon and Buler’s Formule for Columns.* W. E. Lilly. (12) Ju ly 


The Strength of Compression Members. * Edward Godfrey. (15) July 2. 


The Mt. Clare Grain Elevator, Baltimore.* (14) July 
The Boston Safe Deposit & Trust Company’s Building.* (14) July a ope ae ee 
Discussion of Various Piles and Methods of Driving Them.* FO rederic: a Swain. 

(Abstract from Harvard Eng. Journal.) (96) July 9. 

Design of Steel Draft Stacks.* Birger F. Burman. (14) July 17. _ es 
The Mont Carmel Wing the ‘Chateau Frontenac, ‘Quebec. Borden. (14) 


and Methods ot Construction for “Industrial ‘Buildings. LP 
(9) Aug. 

‘Sur la Résistance au Flambage des Armé.* Mesnager. (43) Mar. 

 # La Construction en Pays de Tremblements de Terre.* G. _ Espitallier. Mar. 
| Le Béton Armé et les Tremblements de Terre.* G. Flament- Hennebique. - (32) Mar. - 


Systéme d’Architecture pour Sol Agité ou Mouvant. a F.-J. Pillet. (32) Mar. 
Type de Construction Adopter. dans _ Tremblements de 
Terre.* G.-L. Pesce. (32) Mar. 
la Résistance des Piéces Rivées.* Ch. Fremont. Apr. 
Contribution Nouvelle sur la Finesse de Mouture du Ciment Portland. (84) Apr. 
Halle des Fours Rotatifs de la Fabrique de 
(Bohéme).* (84) Apr. 
La Dureté des Métaux, sa Mesure a Chaud et a Froid. * Félix Robin. (32) Apr. a 
Nouveaux Mécanismes et Nouvelles Méthodes pour l’Essai des Pierre” 
R 


echerches sur la Conductibilité, 1a Porosité et la Perméabilité des Matiéres Réfrac- 
 taires.* 8S. Wolesdine. (92) May. 2... 
Poutres & Travées Solidaires; Tracé des Courbes d’Influence, Méthode des Droites — 
Les Inconvénients des Betons de Machefer.* - B. Butler. (From The Builder's 
Journal.) (84) Serial beginning May. 
L’Acier au Manganése.* Schneider et Cie. (93). May. 


Presse Hydraulique de 5000 Tonnes pour la Compression par r Tréflage, 
 Systéme Harmet.* (34) June. 


La Cathédrale de Poti.* (84) June 

Le ans la Construction et les Travaux Publics. rR... 

‘Nouvelles Méthodes Employées aux Etats-Unis pour la Fondation des Batiments. » 

Henry. (33) Serial beginning June 5. = = | 

Bs a Construction dans les Pays Sujets aux Tremblements de Terre.* E. Lemaire. 


Eine Ausgefiihrte Griindung mit Beton- -Blechrohr- -Pfahlen. * Richard Kafka. (53) | 


Der Eisenbeton in der Monumentalarchitektur.* Alexander Wielemans ns Ed ler v. 
Monteforte. (53) April 30. 
Priifung der Druckfestigkeit von Portlandzement. (48) 1 
Zur Schwammfrage. Carl Mez. (51) Serial beginning May 1 Mies 
Neue von Probst Ausgefiihrte Versuche mit | Hisenbetonsaulen. R. v. Thule. 
Berechnung des Umschniirten Betons.* A. (Abstract of paper read 
before the Deutsche Beton-Verein.) (51) May i2. 
Die und Festhalle zu Frankfurt am Main.* Friedrich von Thiersch. 
(51) Serial beginning May 22. Ae, 
Zur Frage der Billigen Zementpriifungspresse. * Dr. Oskar. Kron. (80) May 22. 7 
‘Temperaturspannungen im Fisenbeton. Fritz v. Emperger. (53). “Serial beginning 


-Eisenbeton- Kuppel- und Walb- Konstruktionen. * ‘Karl W. Mautner. (Paper read 


‘Ueber Portland-Zement- und Trass-M6rtel. Dr. Schumann. (Abstract of paper 
yvead before the Verein Deutscher Portland- Cement- Fabrikanten.) (51) June 9. 
— ‘Ueber Sprengwirkungen bei Beton- und Hisenbetonbauten.* K. Schaaf. (78) June 
‘Die Bisenbetonkonstruktionen bei dem Erweiterungsbau der ‘Ludwig-Maxi- 
 milians- Universitat Miinchen.* Bosch. % Serial beginning June 10. 
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mit Siegwartbalken.* F. Steiner. (78) June 10. 
Ueber den Wert des Zusammenhangs von Hisenbetonkonstruktionen. Schilling. 
— 


Portlandzement und Bisenportlandzement. June 260 
Zweiter Bericht tiber Festigkeitsversuche mit Eisenkonstruktionen Erstattet von der 
Versuchskommission des _Vereins Deutscher und Hisenbaufabriken. 
(48) June 26, is 


‘Beitrag zur Berechnung und Dimensionierung aufgelagerter Platten. 
_Abeles. 1) ‘Serial | beginning» July 17. 


Mean Sea Level at Quebec and New York. Ww. ‘Bell Dawson. (5) 22, Pt. 2. 
Traverse Work in Connection with the Triangulation of the Borough of the Bronx, 
- with Special Reference to Accurate Measurement with Tapes. Edward H. 


(Paper read before the Mun. Engrs. of City of New York.) (86) 
une 2. 


Report of Committee on ‘Relative Corrosion of Wrought Iron and Steel 

(Amer. Soc. Heating and Ventilating Engrs. )* (70) May. 
The Honor Oak Reservoir.* (12) May 7. = 
~The Technical Examination of Boiler Waters. W.. A. Hargreaves. — (Paper read 

before the Australian Assoc. for the Advancement of Sci. May 20. 
Water Meters.* J. J. Traill. (96) May 21. | 


Review of the Report of William Spencer on the inhi: of the ‘Niagara River. 
Isham Randolph. (96) May 21. 
Lages River Hydraulic Development near Rio Janeiro. (14) May 22. 
- Cost of Constructing a Wood Flume 4 303 Feet Long, Klamath Irrigation Project. 
(From Reclamation Record.) (86) May 26. 
Proposed Construction Work of the Porto Rico Irrigation Service. .— B. M. Hall. 
A Collection of Formulas for Water- Pressure and Moments in Submerged Beams.* — 
The Hennepin Power House of the St. Anthony Falls Water Power Company.* 
Water Storage in Elevated Tanks and Stand-Pipes. E. Horton. (4) _ June. _ 


Notes on Newton, N. J., Water- and ‘Litigation.* Louis L. 
‘Tribus. (28) June. 


sis up ter and Gas Pipes.* 


Electric Light Wires on Water Pipes. E. Merrill. 
Covered Reservoirs; Some Experiences in the Use of Concrete in ‘Their Construction — > 


(28) June 


and in Making "Them Watertight. Frank L. Fuller. (28) June. ~~. ‘ 
The Sources of and the Methods of Developing Long Island Water Supplies.* A. S._ 
Farmer. (Abstract of paper Tead before the ‘Mun. ages. of of the ‘City of of New 
York.) (86) June2. 
The Cost of Five Slow Sand Filter Plante, Four Small and One Lares, (86) June 2, 7 7 
rhe Prevention and Removal of Boiler Scale. W. H. Wakeman, — (27) Serial be- - 
ginning Junes. #... ... 
Cost of an Inverted Concrete Siphon. (14) June 5. we 
The Surge Tower of the Tumwater Power Plant.* June 
Producer Gas for Operating Water Pumping Engines. D. Hastings Irwin. awe 
before the Assoc. of Water Engrs.) (66) June 15. | 
+Fire-Resisting Construction at the New Temporary Crib for the 73d Water 
Tunnel at Chicago.* (13) June 17% 
The Cedar River Power Development of the City of Seattle, Washington.* Louis a 
Rainfall and Run-off on the Croton . Drainage Area, New York Water-Supply, 1908- 9. a 
Alfred D. Flinn, M. Am. Soc. C. BE. (13) Jume 17 
Working Results of Pumping Engines Operated by Producer Gas. D. Hastings Irwin. ; 
(Paper read before the Assoc. of Water Engrs.) (47) June 18 
‘The Construction Plant for Covering the Providence Filters.* (14) June 19. 7 po 
Rate Controller of the Cincinnati Filters.* (14) June 19. 
Acquisition by New York City of the Larger ' Two Water Systems of Staten Island. 
Louis L. Tribus. (Abstract of paper read before the Amer. Ww. Wz Assoc.) 
(44): «June 19. 
\ Concrete Mixing and Handling Plant for a Dam with Some | Details 
of Cofferdam Work.* (86) June 23. See 
The 40 000 000-Gal. Disinfecting Plant of the Jersey City Water Supply Company 3 
at Boonton, N. J.* J. L. Leal, Geo. W. Fuller, M. Am. Soc. C. E. and Geo. A. 
Johnson, Assoc. M. Am. Soc. C. E. (Abstracts of three papers read before the 
Amer. W. W. Assoc.) (13) June 24, 
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ENGINEERING LITERATURE 


EERING 


Water Supply—(Continued). _ 
Winnipeg High-Pressure Fire Service.* (12) June 25. 
Determining the of an Water Power. Charles’ * Main. (96) 
‘Sterilization Plant a Jersey City Water Supply Compens. ‘Leal. 
(Abstract of paper read before the Amer. W. W. Assoc.) © (60) July. — 
; ‘The New Water Supply of New York City.* H. Prime Kieffer. (60) ~ July. — 
The Master’s Report on Electrolysis at Peoria. (14) July. = | = 
- Steam-Driven Pumping Plant for Deep Wells and Boreholes.* Alfred Towler, M. I. 
E. (Paper read before the Assoc. of Water Engrs.) (47). July 2. 
The Intake of the Water-Works at Algiers, Louisiana.* (14) July 
The Cost of Four Slow Sand Filter Plants and Cost of Operation. (86) July 7. 7. a 
_ The Water-Works of West Springfield, Massachusetts.* (14) | July 10. ae ae 
Conservation of our Artesian Water-Supply. F rederick G. Clapp. = July 45. 72 
Slide in the Necaxa Hydraulic-Fill Dam.* (13) | July 


Ww ater Intake | for the Jones & ‘Laughlin ‘Steel Company.* F rancis Donaldson n. (14) 


Fredericton Mechanical Filter ‘Plant. AK Grimmer ‘(Abstract of of City 


14) ‘Serial 
water! in Missouri and Kansas, ns. Burns, M. An. 
Soc. E. (13) July 29. 
Results and Costs, Torresdale Filtration Plant.* (14) July 
Alimentation d’un Réservoir Surélevé par la Conduite de Refoulement d’un Réservoir 


 [Inférieur.* P.-Aristides Bergés. (33) June 26. 


_L’Usine Hydro-Electrique de Trollhattan (Suéde).* J. Bally. (33). July 3. 7 


‘Das Kraftwerk Svalgfos der Norsk Hydro-elektrisk Kvalstofaktieselskab bei Notod- 
den in Norwegen und die Zugehoérigen Regulierungsarbeiten. Sam. Eyde and S.. 
a Kloumann. (48) Serial beginning May 1; (33) Serial beginning May 15. say 
7 Moderne Amerikanische Hochdruck- Wasserkraftanlage mit Francis-Turbinen.* 
Guido E. Hemmeler. (48) Serial beginning June 12, 
Uber Wasserwirtschaft im Gebirge.* Max Singer. (53) Serial beginning July 2. 


waterway, 
Sea-Walls and Breakwaters.* James Hill Forman. (63) ‘Vol. 175. 

‘The Crossing of Sydney Harbour, New South Wales.* (12) May 14. 
Immingham Docks.* (11) Serial beginning May 14. ; 
Rectification of the Missouri River at Atchison.* (14) “May 


The Construction of a Spillway on the Tombigbee River.* (14) i May 22. 
The Effect of the shauna Calumet Canal on the Levels of the Great Lakes. — (13) 
May 27. 


A Reinforced- Conc: rete Retaining Wall Along val ‘Bank of the Frank 
A. Bone. (13) June 3. | 


The ‘Susquehanna River as a Source of Mason D. Pent, M. Am. 
(13) June 10. 


Turning the Colorado Completing ‘Laguna Pen, Arizona- 
Edwin D. Vincent. (13) June 10. 
Ferro-Concrete Submarine Dépot at Haslar. a 
The Substructure for the White Shoal Light, Lake Michigan.* icin sae - June 12. 
The Accident to the Lock Gates at the Canadian Canal, Sault Ste, aiarie +713), 7 
Canals of Canada, Statistics to Cost of ‘Construction. (96) "June 18. 
The Accident at the Canadian Lock at Sault Ste. Marie.* (14) June 19. tits 5 
7 Some Notes on Methods of Making Excavations in River Beds by Dredge _ by 
Cofferdam, with Some Percentages of Costs. Charles Y. ‘Dixon. from 
A ‘Suggestion of a Type of Lock for the New Government Canal at ‘sgault Ste. “Marie, 
including a Criticism of the Present Poe Lock.* _ George A. Burley. (13) June 
| ‘The Report upon the Proposed 14- ” Deep Waterway from Chicago to New Orleans. 
Construction of the Obispo Diversion in bag aint with the Panama Canal Work.* | 
‘The Fourteen-F Channel from St. Louis to ‘Guilt. (14), 


Serial beginning 
The Panama Canal.* J. F. Springer. 


(20) Serial beginning July 1. 
New San Francisco Shipping Piers, with Concrete Cylinder Foundations —— Fires 


proof Deck and Superstructure.* John G. Little. (13) July 8. 
The Locks of the Panama Canal.* (13) July 15. 


- Flood Protection in the Kansas River Valley at Kansas City.* 


J. Olesen. 18) 


‘*Iilustrated. 
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the Concrete Locks of the Panama Canal. ‘#H. Prime Kieffer. 
The Construction Plant for the Gatun Locks of the Panama Canal (14) july 2%. 
‘The Designs for Emergency Movable Dams for the Panama Canal. nal.* (13) 22. 
~The Cape Cod Ship Canal.* (14) July 24. 
Rigole d’Alimentation du Canal de la Marne a la dite de Vaucouleurs 
‘Suquet et Changey. (43) Mar. 
Stude sur la Construction et la Consolidation des sabe du Port de la Pointe des 
1 Halage Electrique des Bateaux; Expériences sur le Genet | Lehigh Valley (Pensyl- 
-vanie) par Tracteurs Adhérence Proportionnelle.* Léon Gerard. (32) May. 
Nouvelle Contribution aux Etudes des -Procédés de et 
Fluviaux.* M. Dibos. (32) May. 
Installations Electriques aux Ecluses de Port-a-l’Anglais.* Imbs. (43) 
Navires et Ports d’Aujourd’hui: Mesures Prises dans Quelques Ports d’Europe pour 
Accés des Plus Grands Navires Modernes.* Robert Hecker. 
ay 
Embacle et Débacle du Niagara en Février et Avril, 1909. 22. 
Commande Hydraulique des Portes de l’Ecluse de Meppen (canal de Dortmund a 
Port et Magasins Publics de Paris-Austerlitz.* Ch. Dantin. (33) June 26. 


_ tung. * Richard Kafka. (78) Serial beginning May 15. pet 
Die Neuen Hafenanlagen von Antwerpen. Kaemmerer. June 5. | 
Elektrisch Betriebene Bagger.* R. Richter. (48) Serial beginning June 12. 
4 Ueber die Messung von Wassergeschwindigkelten mit der Pitotschen Rohre, 
Ellon. (48) June 19. 
Neuere Baggerkonstruktionen. -Paulmann Binwm. (48) Serial beginning June 
Vom Ausbau des Hafens zu Duisburg- mabe: * (81) ‘Serial beginning June 19. 
‘Der ‘Stand der Planung fiir die Main-Donau- Grossschiffahrtsstrasse. * Gebhardt. 
(51) Serial beginning July 7 
-Hochwasserschutz fiir Breslau.* Wannovius. _ Serial beginning July 14 
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‘Treasurer, JOSEPH M. KN 
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Standing Committees 
(THE PRESIDENT OF THE Society Is ex-officio MEMBER OF ALL ComMITTEES) 


On Finance: On. Publications: On Library: 
( 


GEORGE H.PEGRAM ©. HARRISON tEORGE W. KITTREDGE | 
ALLEN HAZEN” GEORGE F. SWAIN JAMES CHRISTIE 
6. FRANCIS LEE STUART F. W. HODGDON 
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On UnirorM TESTS oF CEMENT: George S Ss. W ebster, Richard L. Humphrey, George 
F. Swain, Alfred Noble, Louis C. Newberry, W. B. Ww 4 


Jr., George E. Edmund kK. Turner, ‘William R. Ww ebster. 
CONCRETE AND REINFORCED ConcreTE: C. C. Schneider, J. Grein 
= Olaf Hoff, Richard L. Humphrey, Robert W. ee Emil Swensson. A. N. “Gaean. 

On Stratus oF MErric System: Stacy B. Opdy ke, Molitor, 
On ENGINEERING Epucation: Desmond FitzGerald, Benjamin M. Harrod, Onward 

Bates, D. W. Mead, Charles Hansel. 
On STEEL COLUMNS AND Struts: Austin L. Bowman, Alfred P. Boller, Emil Gerber, 

Charles F. Loweth, Ralph Modjeski, Frank C. Osborn, | deorge Lewis D. Rights, 

George F. Swain, Emil Swensson, Joseph R. Worcester. 
On BITUMINOUS MATERIALS FOR RoaD ConsTRUCTION: W. W. iia, A. W. Dean, H. K. 


a The House of the | Society is open from 9 A.M. to 10 e M. every day, except Sundays” 


ourth of July, Thanksgiving Day and Christmas Day. So = 


oF THE Socrery—2 20 Firty- SEVENTH Srauer, New York. 


CABLE ADDRESS .“*Ceas, New York. 
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Vol. XXXV. SEPTEMBER, 1909. 


AMERICAN SOCIETY OF CIVIL ENGINEERS 
INSTITUTE TED 1852 


PROCEEDINGS 


_ This Society is ‘hot responsible, as a body, for the facts and opinions advanced | 


1 
SOCIETY AFFAIRS 
Announcements: 
7 Hours during which the Society House is open...... 
 §— ~~ Meetings of the San Francisco Association of Members, Am. Soc. 
Privileges of Local Societies Extended to 


Accessions to the Library: 


Recent Engineering Articles OF 


4 


MINUTES. OF MEETINGS. 


_ September ist, 1900. .—The meeting was called to order at 8.30 P. M.;_ 
Gardner S. Williams, Director, Am. Soc. C. E., in the « chair; Chas. 
Onward = Warren Hunt, , Secretary, and present, also, 113 ‘ithe and 34 guests. 
' The minutes of the meetings of May 19th and June 2d, 1909, and 


fn of the Annual Convention, were approved as printed in 


Gerber, 
. Rights, 


AD paper ie Heuwd J. Cole, M. Am. Soe. C. E., entitled “Concrete 
Piles,” was presented by the author and illustrated with lantern slides. 
The paper was discussed orally by y Messrs. Upson and Homer 
| A. Reid, and the Secretary presented written communications on the 
‘subject from. ‘Messrs. Morton L. Tower, L. “Mensch, Charles 


Wiggins, snd Thomas CO. Desmond. 


— 
4 
= 
g 
arn 
ercival 
in, H. K. 
Su nda y 


MIN UTE NUTES OF MEETINGS 
paper by Cecil B. Smith, M. Am. Soc. C. E,, “Hydro- 
Electric Power in Canada,” was presented by title, ye the Secretary 
read a communication on the subject from Henry Holgate, M. Am. 


Secretary announced the election of the following candidates 


by the Boat Board of Direction on August 31st, 1909: a 


“As Mempers. 


MAnvuet ALBERTO ana, Cuba. 
RTRAM Dopp DEAN, Seattle, Wash. 
a OSEPH Ecxerstry, New York City. 
CarRL Lon ‘DE Mur ALT, New York City. 
~ADELBERT rt FRANKLIN’ PARKER, Ogden, Utah. 
FRANKLIN CaLHoun PILisBury, Boston, Mass. 
Witt Josern § ANDO po, Milwaukee, Wi is. 
Frank N, ‘Great Falls, Mont. 
CHARLES STR ACH AN, New York City. 
-Grorce Henry Tinker, Cleveland, Ohio. 
Ritey Van Frank, JR., Little Rock, A 
EpwarD FRANKLIN VINCENT, Denver, Colo. 
FRANK | Hiram WALKER, Franklin, Pa. 


Apert Zesicer, Cleveland, 

Associate MEMBERs. 

ANDREW Arce, Arequipa, Peru. 
Harry Epmunp Springfield, Ill. 
-Cuirrorp PINKNE Bowie, San Francisco, Cal. 
GLenn SmirH Burret, Honolulu, Hawaii. 


Ciype Greyson Contry, Mt. Vernon, Ohio. 
-Arruur CRYSLER, Syracuse, N. 
TRANQUILINO FRASQUIERI Y REGUEIFERO, , Havana, Cuba. 
Utysses Grant, 3p, Brookline, Mass. 
WILLIAM Bacon Gray, Stone Ridge, N. Y. 


Russet, Soure ‘Gre ENMAN , Albany, N. _Y. 


Preston Rust, Tew York City wall 
WESL ry Scuu BE RT, Bellevue, Pa. 

Ratpu Soper, Powell, Wyo. 
Myron Wiruam, Denver, Colo. 


— 
im 
— 
: 
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— 
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| 
— 
Raten De Wirr Havens, Pawtucket, R. I. 
: Murray Puiar, Essendon, Victoria, Australia. 
— Rex Densmore Ricuarpson, Scranton, Pa. 
— 


Affairs.] “MINUTES OF MEETINGS 

As. SSOCIATES. 
ALBERT JoHN County, Philadelphia, Pa. _ 


Harry _Epwarp JORDAN, Indianapolis, Ind. 
Laurence Parrick Rya AN, ‘Chicago, 


© 
As JUNIORS. 


‘Louis Aprons, Manila, P. 
Grorce CroweLt Anprews, Fulton, N.Y. 
Aucust Bock, La Paz, ‘Belivic. 
Joun WorDE CALDWELL, “Honolulu, Hawaii. 
Joun Cunnincuam, Madison, 
Lewis Repp Fercuson, Philadelphia, Pa. 
Epvarp GerMer, Los Angeles, Cal. 
Tuomas HayMan, , Annapolis, Md. 
Grorcr Henry Kyutson, Ann Arbor, Mich. 
W TLLIAM Ort TO Newton Highlands, Mass. 
Joun L, Baltimore, Md. 
W. ALDEN L ERoy Matony, Spokane, Wash. “a 
James Gares Moors, Key West, Fla. 
Morey Pit, Jerome, Idaho. 
JAMES Gorpon STEESE, Culebra, Canal Zone, Panama. 


Tuomas Kine Sweesy, Berkeley, Cal. 


an ‘rancisco, C Ca 
OLIVER JULIAN Topp, San F . Oal.. 


Reneé Barser Wricut, Chicago, 
The Secretary announced the transfer of the following candidates 


by the Board of Direction on August 31st 1909: aa 
From ASssociATE MEMBER TO R. 


~Epwarp | GATLING Brapgury, Columbus, Ohio. 

CHARLES Benepicr Grapy, , WwW est Orange, N. J. 


CHA ARLES Davis VaIL, Denver, Colo. 
, Glendive e, Mont. 


From Associat ER. BER, 


RT FLE BICHER, ‘Hanover, N. 


JuNIon TO MEMBER. 
-Aucustus Sayre Kisser, Philadelphia, Pa. 
From Junior ‘To Associ Re 


Conner, Babb, Mont. 
Grorce Snyper GILDERSLEEVE, Detroit, Mich. 
Daniet Hayes, Stillwater, N. Y. 
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INUTES OF [Society 


Tth, 18 72; died August 


H. Bisuop, or, elected Member August 
20th, 1909. 
BFFERT L E ERTS | 


Brown R Member May th, 1 879; died 

‘August 21st, 190. 
Henry y Mayn ADIE ‘elected Asi Associate Member April 5th, 
1893; Member December 6th, 1899; died July 5th, 1909. 


Adjourned. 


OF THE ‘BOARD OF DIRECTION | 


(Abstract) 
August gist, -1909.— —Vice-President P egram in. the Cha as. 
Warren Hunt, Secretary, and present, also, ‘Messrs. Christie, Kittredge, 
Knap, Thompson, and Williams. 
Ballots for membership were cany assed resulting in the election | of 
Members, 20° Associate Members, 3 3 Associates, and 18 Juniors, and 
the tra transfer of 4 Associate Members, 1 Associate, and 1 Junior to the 
«gr rade of. Member, and 4 Juniors to the grade of Associate Member. © 
The report of the Nominating Committee was received. 
r 
‘The President was authorized to appoint a Committee of the Board 
to consider | and report as to the time and place for siiansiouid next 


5 _ C. E., Charles H. Umstead, Assoc. M. Am. Boe. ( C. E., and Hobart 


B. Upjohn, Assoc. M. Am. Soe. C. E. 


Applications were considers and id other routine business 
Adjourned. 


tm 
— 
— 
— 
— 
— 
— 
— 

Dy 
r February 3d, 1875; 
— 

| 
— 

e 
— 
H 
| 
~ 


ANNOUNCEMENTS 


The House of is open from 9A. ~ 10 P. M., 
every day, except Sundays, Fourth of July, Thanksgiving ‘Day, and — 


— 
Oct tober 6th, 1909.—8.30 P.M.—At this meeting two papers will be 
presented for discussion, | as follows: ‘ ‘A Review of Chicago Paving 
Practice, by Green, “Assoc. M. Am. Soc. E and “The Puri- 
fication of the Water “Supply of ‘Steelton, Pennsylvania,” 


H. Fuertes, M. Am. Soc. C. 
. ‘These: papers are printed in 1 Proceedings for August, 1909. = 
October 20th, paper by ‘Chester W. ‘Larner, - 
4 


of Mullion “Hydraulic Turbines,” will be 


a This paper is printed in Proceedings for. August, 1909. 


iia: — 3d, 1909.—8.30 P. M.—At this meeting a paper by 
Chas. ] Howard Barnes, M. Am. Soe. C. E., entitled “The Reinforced Con- 
asl erete Wharf of the United Fruit Company | at Bocas del Toro, . Panama,” 
This paper is printed in this number of P roceedings. 

to the 1909.—8.30 P. | F. E. Trask, M. Am. 


of 


_— paper is printed in this number ¢ Proceedings. 


per. Soe. . E., on “The Outlet Control of Little I Bear Valley Reservoir, 


oa The first two of a series of papers descriptive of the New York 
J 

M. Am. Tunnel’ Extension of the Pennsylvania — Railroad are published in this 
Aim. ‘number, The first, by Gen. Charles Walker Raymond, M. Am. Soe. 
Hobart C. E., is an introductory paper covering the entire work; the second, — 

” by Alfred Noble, Past- Preside nt, Am. Soe. C. E., describes in a general — 
nsacted. way the East Rive T Division. © ki is expected that papers describing in 


will be published in the October number of Proceedings, and scheduled 

for discussion at subsequent meetings. Other papers, ¢ covering the | 
a Station, Sunnyside Yard, and the Plant: used in driving the 
&£E ast Riv er T unnels, will be published soon. <A series of ‘papers eover- 


ing the North River Division of this great work is also promised. _ 


an e detail the “Cross- Town Tunnels” and the “ East River Tunnels” 1 


MEETINGS OF | THE SAN FRANCISCO ASSOCIATION OF 
MEMBERS, AM. SOC. C. E. 


7 he e San Fr rancisco co Association of “Members of the American 
Engineers holds “regular bi-monthly meetings with | 
banquet, and weekly informal luncheons. The former are 


rust a 
75; 
Sth, 
died 
5th, 
i 
= 
= 
f 
= 


. day of December, the latter being the Annual Meeting | of the Asso- 


lation 
Informal luncheons are held at 12. 15 Wednesday, 


the place of. meeting may be ascertained _by communicating with the | | 
of the T. Thurston, Assoc. M. Am. 


tality t ‘the Socials San 
= rancisco, and a any such member will b be gladly welcomed as a guest 
of the Association at any of the above meetings, if he will notify the 
Secretary that he i is in Francisco, 
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PAPERS AND DISCUSSIONS 
=a ‘The first and volumes of Transactions for 1909 (Volumes 
and LXII) have been issued. third volume will be issued 
on ‘September 30th, ‘and the fourth on December 31st. 
ait hoped that n members and others who take part in the dis-— 
cussion of the ‘papers presented will revise their ‘remarks promptly, 
and that all “written communications from those ‘who cannot attend 
. the meetings will be sent in at the earliest possible date after the issue - 
of a paper in Proceedings. - The issue of volumes of Transactions is 
dependent on the closing of discussions, and the co- -operation of the 
- member rship will now be more necessary in this matter than her etofore, 
because four volumes are to be issued during the ; year, instead of two, 
and, to accomplish this, a definite « date (of issue: for r each has been 


established. 


4 
i 


| 
| 


All papers | accepted by the Publication Committee are classified 
by the Committee with reepect to their availability for discussion at 
= Papers, which, from their ¢ general nature, appear to. to be oi a charac- 
ter suitable for oral discussion, will be published as heretofore in 
Proceedings, and set down for presentation to a future meeting of the 


Society, and, on these, oral discussion, as well as written communica- 

papers which do not come _ under this heading, that is to say, : 

those which, from their mathematical or technical nature, in the 

opinion of the Committee, are not adapted to oral discussion, will not 

be scheduled for presentation to any meeting, ‘Such papers will be 

- published in Proceedings in the | same ‘manner as those which are to 


be at meetings, but written discussions, will 


— 


por _ 6p. M. at the Fairmont Hotel, on the third Friday of February, April, | 
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EXTENDED “TO MEMBERS OF THE 
AMERICAN SOCIETY OF CIVIL ENGINEERS 


Members 0 of the American Society of C ivil Engineers will be wel- 


~ comed by the following Engineering Societies, both to the use of their — 


Reading Rooms and at all Meetings: a eee 
American Institute of Mining 29 West -Thirty- -ninth 
"Street, New York rk City. 
_Associacao dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 
Aust stralasian ‘Institute of _ Mining Engineers, Melbourne, 


™ Boston Society of Civil Engineers, Temple, Boston, 


Montreal, 
‘Civil Engineers’ ” Society ‘of St. Paul, St. Pa Minn. 


Ohio. 
Cleveland “Institute of E Engineers, Middlesbrough. | England. 
Colorado Association of Members, Am. Soc. H. 

Secy. 235 Equitable suilding, Denv er, Colo. 


Engineers’ and ‘Architects’ Club of Louisville, Ky., 303 Norton 


Building, Fourth and Jefferson Streets, Louisv ille, Ky. 
Engineers’ Club of Baltimore, Baltimore, Mad. eos 
Engineers’ Club- of Central Pennsylvania, Corner Second and 

“Walnut | Streets, Harrisburg, Pa. 
ont 
=ngineers’ Club of Minneapolis, 17 7S South 1 Sixth Street, Minneapolis, 

Minn. 

‘Engineers’ Club “ Street 


re in 


Pa. 
—= of aioe’ Engineers, 58 Romford Road, Stratford, Lon- 


don, E. , England. 
of Engineers of the River Plate, Buenos 


gentine Re public, 


Institution of Naval Architects, Adelphi Terrace, London, 


Junior | Institution | Engineers, 39 Victoria Street, 
§. W., London, England. 


| 
A & q 
1e 
i 
an 
an 
ast 
he 
‘Brooklyn Engineers’ Club, 197 Montague Street, Brooklyn, N. Y. 
Canadian Society of Civi pineers 412 Dorchester Street, West, > 
nes 
ued eveland, 
dis- 
nr 
a J. Burt, 
tend 
ssue 
is iS 
| « 
been . 
— 
A 
sified 
_ Engineers’ Club of Toronto, 96 King Street, West, Toronto, Ont., — 4 
Camda 
Enoineers’ ciety oa Je ern Dennevivania 2°02 Kulton Ruildinc.. 
jay 
say, 
vill be 
are to 
paper 
— 


ANNO 


Koninklijk Instituut v van Ingenieurs, The age, The Netherlands 


Louisiana Engineering Society, 604 7 


New La. 


ngineers, 


‘Montana Society of Engineers, Butte, Montana, 
North of England Institute of Mining and Mechanical Engineers, 


Newcastle- -upon- Tyt ne, England. 


Oesterreichischer _Ingeniewr- und -Eschen- 


bachgasse 9, ienna, us ria. 
Vi Al t aneers. 617-618 Piot 


Northwest st Society of Engineers, 617-618 Building, 


Rochester Engineering Society, Rochester, N. 
Sachsischer Ingenieur- | Dresden, 
many 


Colombiana de Ingenieros, Bogota, Colombia. 
des Ingenicurs Civils de France, 19 1 Rue B lane 
France. 


Society of Engineers, cers, 17 Victoria Street, WwW estminster, 


‘Svenska Teknologforeningen, Brankebergstorg, 18, Stockholm, 
—— 


Tekniske Forening, Vestre B Boulevard 18-1, Copenhagen, Denmark. 


Western Society of Engineers, , 1737 Monadnock B lock, Chicago, il. 


_ SEARCHES IN THE LIBRARY 
In January, 1902, the Secretary was authorized to make searches | 
in the Library, upon request, and to . charge therefor the actual cost to 
the Society for the extra work required, _ Since that time many searches 
have been made, and bibliographies and other information on special 
a. Fi resulting ‘satisfaction, to the members, who have made use of 


resources of the Society in this has been fre- 


themselves of it. wie 


The cost is trifling compared with the value of the setae an 
engineer who looks up such matters himself, and the work ean be 
performed quite as well, and much ‘more quickly, by persons famili: ar 


Libr 
with the Li rary. 
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x Society, Memphis. Tenn. 
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In asking that such work be undertaken, members should specify 

clearly the subject to be « covered, and vy whether references to general 

books only are desired, or whether a complete a. involving — 


search through periodical literature, is desired. Bw 
In reference to this work, the Appendix* to o the e Annual Report of 


the Board of Direction for the year ending December — 


tains a summary of all searches made to that date. — , 


Proceedings, Vol. XXXII, p. 20 (January, 1907). 
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ACCESSIONS T TO THE LIBRARY 


August 2d te to September Tth, 1 1909) 

DONATIONS* 
NFORCED CONCRETE IN EUROPE. 
‘By Albert Ladd Colby, M. Am. “Soe. C. Er Cloth, 9 x 52 in., 


iz 10 ae 260 pp. Easton, Pa., The Chemical Publishing Co.; London, - 


Williams & Norgate, 1909. $3.50. ~ (Donated by the “Author. ee 


2 - The author is authority for the statement that this report, which was. originally © 
issued in a private edition for subscribers, is a compilation of information on cur- 
rent practice in reinforced concrete construction in Great Britain and on the 
Continent. It was collected during 1908 chiefly by personal interviews with the 
leading authorities in each country. The theoretical branches of the subject, includ- 
ing the rules for calculation, are, he states, but briefly referred to, but the practical 
branches are fully treated. — Addresses of prominent consulting and contracting 
engineers of each country are also given, in order to enable the reader to obtain 
further information if desired. The bibliography of books, journals, and periodicals 
of each country, contained in Appendix No. 4, gives the price and date of each 
publication. The Contents are: Applications of Reinforced Concrete; Economies of 
Reinforced Concrete Construction; Endurance of Foreign Reinforced Concrete Con- 

- struction; Foreign Systems of Reinforced Concrete Construction; Mechanical Bond 
and Forms of Bars; Metal Used for Reinforcement, Foreign Specifications, Recom- 
mendations and Opinions Compared; Cement Used in Reinforced Concrete, The 
Chief Requirements of Foreign Cement Specifications Compared; Concrete Used in 

- Reinforced Concrete. The Chief Requirements of Foreign Concrete Specifications Com- 
pared; Reinforced Concrete, Foreign Specifications and Recommendations Compared 
7 ae the Chief Specified Requirements ; Lists and Descriptions of Foreign Govern- 
ment and Private Testing Stations, Congresses, Technical Institutions, Associations, 
and Committees, Who Have Endorsed Reinforced Concrete as a Material or Who 
Have Adopted Resolutions, Specificaticns, or Rules Relating Thereto; en 
on Reinforced Concrete, Concrete and Cement ; Index. - 


& BRICKLAYING SYSTEM. 


Beat B. Githecth. Cloth, 92 ¢ ix, dns, u+43 Hew 
and Chicago, The Myron ©. Clark Publishing Co.; L onden, 
E. & F. N. Spon, Ltd., 1909. $3.00 net. 


The purpose of this work is declared by the author in his introduction to be 
threefold, first, to put in writing that knowledge which has been handed down by 
word of mouth from journeyman to apprentice for generations; second, to record 
methods of handling labor, materials, and plant on brickwork which will reduce 
-eosts and, at the same time, enable the first-class workman to receive better pay; 
third, to enable an apprentice to work intelligently from his first day, and to become 
a proficient workman in the shortest possible time. The Contents are: Training 
Apprentices; Methods of Management; Methods of Construction; Routing of Mate- 
rial; Scaffolds, The Gilbreth Scaffold-Hod Type; The Gilbreth Scaffold- Packet Type; 4 
The Gilbreth Packet System ; Method of Building Tall Chimneys; Mortar; Bricks; 
Bricklayers’ Tools, etc. Lines, Plumbs and Poles; Motion Study; Methods of Lay- 
ing Brick Under Special Conditions; Finishing, Jointing and Pointing ; Arches and 


Chimney Breasts; Tearing Down, Cutting Out and Patching Brickwork; Bond _ 
Glossary of of Terms Used; 
IRRIGATION EN ENGINEERING. 


By Herbert M. Wilson, M. E. Sixth Edition, Revised 
and Enlarged. “Cloth, 9 x 6 in,, illus., 30 625 PP. New York, John 
Wiley & Sons; London, Chapman & Hall, Ltd., 1909. $4.00. 


- 'Theg@eface of this edition, which is the fifth since the publication of the original | 

: work inm893 under the title “Manual of Irrigation Engineering,’ states that it has 
- been almost entirely rewritten, bringing up to date the tremendous progress made 
in construction by the Reclamation Service. Since the last edition, it is further 
stated, important changes have been produced in the design and in the structural 
materials used on irrigation works, as a result of the general adoption of reinforced 
concrete for such works. Every chapter and every article of this edition have 
undergone changes, including the elimination of much old matter and illustrations, | 
and the introduction of new textual matter and eighty new illustrations representa- 


- *Unless otherwise specified, books in this list have been donated by the publisher. | 
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tive of more modern’ designs. ‘Many 0 of the chapters conclude with 1 bibliographies “7 
their subjects. . The Contents are: Introduction; Hydrography: Precipitation, Run- 
off, and Stream Flow; Evaporation, Absorption, and Seepage; Alkali, Drainage, and 
Sedimentation ; Quantity of Water Required; Flow and Measurement of Water in 
Open Channels; Subsurface Water Sources and Sewage for Irrigation. Canals and 
Canal Works: ‘Classes of Irrigation Works; Alignment, Slope, and Cross-Section; 
_Headworks and Diversion Weirs; Sluiceways, Regulators, and Escapes; Falls and — 
Drainage Works; Distributaries; Application of Water and Pipe Irrigation. Storage 
Reservoirs: Location and Capacity of Reservoirs; Harth and Loose-Rock Dams; 


Masonry Dams; Wasteways and Outlet Sluices; Pumping, Tools and Maintenance; eg 
— Reclamation Service of the United States; Tables ; Inde 


x. 
MODERN METHODS OF STREET ET CLEANING. 


a By George A. Soper, M. Am. Soe. C. E. ~ Cloth, 9 x x 6 in, illus., 
8 ++ 201 pp. New York, The Engineering News Publishing Company; 7 
London, Archibald Constable & Co., Ltd., 1909. $3.00. _ 


- These notes, the author | declares in his ae, are based, ‘not only o: on his ‘own 7 
“experience, but. more particularly on studies made ‘during a three months’ visit to 
Europe in 1907. Much of the statistical information contained in this book was, 
he states, supplied by officials. The Contents are: The Use and Abuse of City 
Strects ; Fundamental Principles Applicable to Street Cleaning; The Cleaning of 
- Pavements ; The Disposal of Refuse; Summary of European Methods of Street 
Cleaning; London; Westminster, London; Manchester; Paris; Berlin; Hamburg; 


Cologne ; Amsterdam ; New Index. 


A Practical Treatise Collection, Removal, and Final 
posal of Sewage and House Refuse and the Design and Construction 
of Works Drainage and Sewerage, with Numerous» Hydraulic 
Tables, Formule and Memoranda, Including | an Extensive Series of 
‘Tables of Velocity and Discharge of Pipes and Sewers. By E. C. S. 


Moore. Third Edition, Revised and in Part Re-written by E. J. 


Sileock. Cloth, 94 x 6 in., illus., 2 v. Philadelphia, J. B. Lippincott _ 
revision of Moore’s— “ganitary Engineering,” the preface states, retains 
not only the original arrangement of the book, but follows, as far as possible, the 
same lines of treatment used by the late author. It is also stated that consider- 

alterations and additions to practically every chapter have been at consider: 
by the rapid advance of sanitary science, entire chapters on sewage purification __ 
have been re-written, and representative works embodying the latest and mast 
approved practice | have been described and illustrated. The Contents are: Intro- 
duction; Conservancy Systems ; Sewerage; Sewage Lifting; Construction and 
Materials; The Flow of Liquid in Pipes and Open Channels; Hydraulic Memoranda - 
and Tables; Application of Formule; Sewer and Drain Ventilation ; Traps; Appara- 
tus—Latrines and W. C.’s; Apparatus—Urinals, Lavatory Fitments » ete. ; ra ell 
Water Collection; Subsoil Drainage; Sanitary Notes (Drain Testing, Disinfection, — 
etc.) ; Sewage Disposal—The Problem ; Sewage Disposal—Methods of Treatment ; 
Sewage Disposal—Artificial Bacterial Methods; Sewage Disposal—Sludge; Descrip- 
tion of Existing Sewage Purification Works; Reports of the Royal Commission on 
——_ Disposal and Requirements of the Local Government Board; Destructors; 

Construction of Chimney Shafts for Destructors; Appendix No. 1, Trade Efflu- 
ents; Appendix No. 2, Sewage Fungus; Appendix No. 3, _Local Government 
Requirements with Respect to Sewerage and Sewage Disposal (Revised 1909); List 
of Plates; List of Tables; List of Books Relating to the Subject; Addresses of 
Manufacturers Whose niceaiiiasneniaes Are Referred To; 

‘ae 


Standard Bets, ‘Co., 1909. $3. 00. 


7 se The author of this work, in> his preface, claims that up to the present time 
no textbook or treatise has been published which gives, in concise, ready form, 
rules, tables, and data for designing and proportioning sewage purification works, 
and, "further, that the principles and data worked out by experiment and experi- 
ence are scattered through such widely separated reports, public documents, and 
private papers, that they are not in available form. For these reasons, he states, 
he has the volume, simply as possible, a work 
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: which shows the method of omnes various types of sewage purification plants, 
their details and proportions, with a description of materials best suited to the 
purpose. To this end the illustrations are simple and are perspective instead of 
mechanical drawings, it being assumed by the author that the designer possesses — 

_ the necessary skill as draftsman to make plans, and simply wants to know the 

i size, shape, and materials of the several parts. The Contents are: Composition 
of Sewage; Decomposition of Sewage; The Septic ‘Tank; ; Intermittent Filtration of 
Sewage; Sprinkling Filters; Contact Beds; Sewage Irrigation ; - Subsurface -Irriga- 
tion; Chemical Precipitation; Sewage Pumping Plants; Disposal of Sewage; Dis- 
posal of Sludge; Disposal of Effluents; Disposal of Storm Water ; Designing Sewage 
Purification Plants ; Appendix (by Allen Hazen) : Physical of 


| “THE “SANITATION, WATER ow LY AND 
Wm. “Paul Gabel. Cloth, 73 x 5 in., illus., 20 + 328 pp. 
New York, D. Van Nostrand 1909. $2. 00 net. 


This coke is divided into three parts. Part I, Sanitation, treats of the gen- 
eral sanitation of country houses. A condensed summary of the essential require- 
ments of healthfulness is given, together with a brief discussion of the soil, sub- 
soil, surface drainage, aspect, healthful surroundings and _ those which are 
objectionable, lighting, heating and ventilation, water supply, sewerage, and plumb- 
ing. In Part II, Water Supply, detailed advice is given as to how to obtain _ 
satisfactory water supply, the sources of water, the various modes of raising it, 

its storage in reservoirs, elevated tanks, or underground pressure tanks, and its 
final distribution, being dwelt on at length and illustrated by actual examples. 
In Part III, Sewage Disposal, disposal for houses not in reach of sewers is dis-. 
- cussed, particular attention being given, according to the author, to the latest 
developments in disposal methods, to the bacterial purification systems, including 
septic and cultivation tanks, contact filter beds, and sprinkling or trickling filters. — 
The author states that, throughout the book, his aim has been to tell what to do 
rather than how to do it, and to establish sanitary principles which will lead to — 


NoIPLES OF REINFORCED CONCRETE CONSTRUCTION. 


 ByBE. aan Assoc. M. Am. Soc. ©. E., and E. R. Maurer. 
Second Edition, Revised and Enlarged. Cloth, 9 x 6 in., illus. 2 
10-+ 429 pp. New York <, John Wiley | & ‘Sons; London, Chapman & 
Hall, Limited, 1909. 7 $3. 50. 


The authors have endeavored, ‘it is stated in the the. 
of mechanics underlying the design of reinforced concrete, to present the results of 
all available tests that may aid in establishing coefficients and working stresses, 
and to illustrate from actual Gesigns the principles involved. The book is divided 
into two parts, namely, Chapters I to VI which treat of the theory of the subject 
and the results of experiments, and Chapters VII to XI which treat of the use 
of reinforced concrete in various forms of structures. In the preface to this, the 
second edition, it is stated that numerous changes and additions to the various 
chapters have been made and a chapter on chimneys has been included, and also 


that new experimental data are given in nearly every division of the subject, > 4 


those of especial importance being the results on bond strength, strength of beams _ 
in shear, and the strength of columns. The Contents are: Introductory ; Properties 
of the Material; General Theory; Tests of Beams and Columns; Working Stresses 
and General Constructive Detaiis ; Formulas, Diagrams and Tables ; Building — 
struction; Arches; Retaining Walls and 


om the following: 


Alexandra (Newport & South Wales) Caird, J. M. 1 pam. 

Docks Ry. Co. 1 pam. Cal.-State Mineralogist. 2 bound vol., 
Am. Public Health Assoc. 3 pam. pam. 7 
‘Am. Soc. Mech. Engrs. 1 bound vol. Cambrian Rys. Co. 1 pam. es 
St. & Waterloo Ce: 1 pam. Cambridge, Mass.-Water Board. 1 pam. 

Board. 1 bound -Canada-Mines Branch, Dept. of Mir Mines. 1. 

ass i hema Carnegie Library of Pittsbureh. | pam. 


Buffalo, "Ree chester & Pitsburen Ry. 


Bush, Lincoln. 4 pam. Earl, George G. 3 bound vol. 
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City Club of New York. 1 ‘ean vol. New South wee Met. Board of Water 
Dixon, Samuel G. 2 pam.  §$upply and Sewerage. 1vol. 
Egypt-Gen. Mer. of State mys. Tele- New York City-Board of Record. 
Engrs.’ Club. 1 bound vol. aS New York City- Met. Sewerage Comm. ie 
Engrs.’ Club of Philadelphia. bound pam. 

New York State- Public Service Comm. 
Fisk & Robinson. pam, for the First Dist. pa 
Furness Ry. Co. 2 pam, North, Edward P. vol. 
Great Britain- Home Office. 35 pam. North London Ry. Co. 1 pam. bres 
Great Central Ry. Co. pam. North Staffordshire Ry. Co. 1 ‘pam. 
Great Eastern Ry. Co. 4 pam. Oklahoma- -Corporation Comm. 1 bound 
Great Northern & City Ry. Co. 1 pam. 
Great Northern, Piccadilly & Brompton » Ontario, Canada- Bureau of Mines. 1 

Great Northern Co. (ireland). Pennsylvania-Commr. of Health, 
pam. _ bound vol 

Great Western Ry. 4 pam. Chamber “al Commerce. 
Hull & Barnsley Ry. Co. 1 pam. arrests 
India-Ry. Board. 1 vol. "Polytechnic Inst. a1 pam. 
Inst. of Marine Engrs. 1 vol. _ Rhymney Ry. 1 pam. _ 

Institution of Civ. Engrs. 1 bound vol. | Rose Polytechnic | =, 1 bound vol. 7 
Iowa Eng. Soc. 1 Rust, Charles H. bound vol. 

Iron and Steel Inst. ‘I bound vol., 1 Ruttan, Henry N. 2 pam. 

pam. Saginaw, Mich.-Board of Water Commrs. 

Koester, Frank. 2 bound vol. 
Kgl. Technische zu Berlin. St. John, N. B.-City Engr. 1 pam. 
for the Promotion of Eng. Educa- 
-Leisen, Theodore 


tion. 1 bound vol. 
Liverpool Overhead Ry. Co. 1 pam. — South Eastern Ry. Co. 2 nan 


London, Brighton & South Coast Ry. Taff Vale Ry. Co. 1 pam. 


€e pam. 1 Bure S. pam. 
London, Tilbury & Southend Ry. Co. 


U. §8.-Bureau of ‘Education. pam. 
S.-Bureau of the Census. 1 bound 
Ww ater Co. pam. pam. .. 

 MeGill Univ. 1 bound vol. 


Madras, India- Public Ww orks ‘Dept. 1 _bound vol., 1 pam. 


S.-Geol. Survey. 3 pam. 
Magyar Merndk- Epftész- ae S.-Lake Survey Office. pam. 

pam. S.-National Museum. 1 vol. 
Mailloux. C. 0. 1° pam. | a U. S.-Office of Library and Naval War 
Mass.-Agri. Exper. Station. 1 pam. 


‘Records. 1 vol. 
Merchant’s Assoc. of New York. “*® pam. Univ. 


of Georgia. vol. 
‘Met. Co. 1 pam. Univ. of Wisconsin. 1 vol. 
Mich. Coll. of Mines. 1. Updegraff, Milton. 2. bound v ol. 
Western Junction Ry. Verein Deutscher Ingenieure. 1. vol. 


New England ‘Water Works Assoc. 1. Victorian Inst. of Engrs. — 1 bound vol. _ 

New South Wales-Govt. Board for Inter. — 


vol. 
Exchanges. q bound vol., pam. Western: ‘Soc. of Engrs. pam. 


1s Rapid id Methods for the Chemical Analysis of Special | Steels, 
making Alloys and Graphite. By Charles Morris Johnson. — 
&«& Sons, New Y York; C hapman & Hall, L td., , London, 1909. 
Index of Mining Engineering Literature, Comprising an Index of 
ning, Metallurgic al, Civil, Mechanical, Electrical, and En- 


gineering Subjects as Related to Mining Engineering. By Walter R. 
Crane. — iley 


| Bons, New York ; ‘Fall, Ltd., 
] ondon, 1909. 


_ History of the Clay-Working Industry in the United States. 


Heinrich Ries and Henry Leighton. — John W Wiley & Sons, Ne ew Yak; - 
Chapman & Hall, , Ltd... L ondon, 19099 


7 


Stee 
John W my 


| 
> 
q 
4 
| 
| 
, 
| 
@ 
f 
ied 
ect 
use = 
ties > = 
sses | 
ein- 
d 


Tables and Diagrams of the T —7 Properties of Saturated and 

-Superheated Steam. — By Lionel 8. Marks and Harvey N. Davis. Long- 

mans, Green & Co., , New York, London, Bombay and Calcutta, 1909. 

The Panama Canal and Its Makers. _ By Vaughan ¢ Cornish. Little, 


Brow n & Co., Boston, 

Magnetic Ore Godfrey y Gunther, 
Publishing Co., New ork, 1909, 


SUMMARY OF ACCESSIONS 
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A flairs. 1 MEMBERSHIP—ADDITIONS 


MEMBERSHIP 


DDITIONS 

ADDITIONS 

(August 2d to September 7th, 1909) 

SCKERSLEY, JOSEPH Oscar. 4269 White Plains Ave., N 


“4 Sayre. Chf. Engr., ‘The Am. ) Jun. Mar. 6, 1889 


31, 1909 


ASSOCIATE MEMBERS: 


CARSTARPHEN, FREDERICK CHARLES. 517 ‘Ideal: Bldg., Denver, 
I 


Cortert, BERTRAM Epwiy. D. S. ‘Johnston Co. Bldg., 

Chi. Draftsman, Office of 


Insp. of Public Works, 50 E Im St., Hill, 


| CHESTER CAWTHORNE. 


Btate, War an ‘Navy Bldg. "Washington, 31, 1909, 


Jun. June 4, 1907, 


HAYES, 


Assoc. M 31, 1909 

MERRILL, ‘Oscar. CHARLES. First National Bank Bldg., San 


eb. 1902 

New TON, SAMUEL DONALD. . City E ngr. 7 Knoxville, Tenn... June 1, 1909 
‘PERLEY, ALAN: BIGELOW. Gowen Mt. “Airy, P 


REEVES, C SARL How ELL. / er., Seattle ) _ 
(dun May 2, 1905 
1, 1908 


Elec. Co., 5247. | N. BE. $ 
"Seattle, Wash... Assoc. M. July 


RICHARDSON, DE /ENSMORE. 1035 W ‘Scranton, 
Roc KWEL Epwarp Henry. -rof. of Structural Eng. Tufts: 


, SHOEMAKE eR, HAR ARRY | IVES. OP Puunene, Maui, Hawaii........ 


Souruwortn, Epw vaRD A AUGUSTUS. Dept. of Publie Works, 


MONT, PAUL ALPHONSE GATLLARD. -Engr., N. P. Ry.. 


National Bank 
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Wuratox, Warten Ronen, 342 Cities 7 
Bldg., Los Angeles, Feb. 2, 1909 
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MEMBERSHIP—CHANGES or ADDRESS» [Society 


ASSOCIAT Date of 
Asst. 


NTY, Joun. to ‘Second Vice-Pres., Penn. | 
R. R. Co., 225 Broad St. Station, Philadelphia, pom 31, 1909 


JUNIORS | 


‘Barrie, HERBERT SCANDLIN. Box 265, Greensboro, N. C... Dee. 1, 1908 
CUNNINGHAM, PINKNEY Epwarp. P. O. Box 404, Vicksburg, 


Cou 


DENSLER, FRANK are, Board of Water Supply, 

F. D. No. 3, Wallkill, Ulster Co., 
Winslow Pl., Seattle, Wash. July 1, 9 
IELD, CLESSON HERBERT. 812 No. 3d ‘Harrisburg, Pa, 


Forsytu, FREDERICK. Lone Tree P. 0., Chehalis Co., 


GARDNER, HARRY Carter. 1629 Downing S t., Denver, C olo.. 1909 
Greason, ALvero Shelton “Jamaica, 
ILLIAM RICHARD, JR. Box 453, Monaea, Pa.... I, 1909 
LICHTNER, Wit LIAM OTTO, Newton Highlands, Mass......— “Aug. 31, 1909 


-MACKALL, Joun Md. Geol. Survey, ‘Baltimore, 


SMITH, SHAL ER GORDON. are, Rapid Transit 


Co., 32 Park PL, pes 
4 Trat, JONATHAN Envesr. A 

Cartes Le 804 Bast Seneca St, Ithaca, 


CHANGES: OF ADDRESS: 


MEMBERS 


EG, F RICK Advisory Engr. and Mgr. 
700 Marston Bldg., San Francisco, C ‘al. 
= CHRISTIAN. Cons. Engr., P. O. Box | 855, Spokane, Wash, 
Baucus, W yILLIAM lL E ngr. in Chg. of Surveys and Investigations for U. S. 


Intra-Coastal W aterways Canal, Boston to Narragansett Bay, | U8. 
Engr. Office, 25 Pemberton Sq. 3oston, Mass. 


Ade 


4 


BAXTER, FRANK Epwin. Vice: Pres., Baxter, Storrs Constr. Co., 
1250 E. So. ‘Temple St., Salt Lake City, Utah. 
Harry Austin. 103 Cheapside, Baltimore, Ma. 


ASA W HITE KENNEY. | Cons. ‘Engr., Care, J. G. White & 
43 Exchange ‘Place, New York City, 


BRUNNER, Joun. Asst. Supt., North Works, Steel Co., 1319 


BurKE, Tuom Aa, Ontario, Ore, 


BuURROWES, HARRY GILBERT. Div. Engr., Hudson & Manhattan R. R. Co., 
30 Chureh Street, Room 1138, New City. 
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(Continued) 
WALLAce. Engr. , Say brook and Conn., River 
Bridge Comm., Saybrook, Conn. 
-Epwarp ‘Pres., Des Moines Bridge & Ir n Works, Park | 


‘Bldg., P ittsburg, Pag 
CHARLES CorRwIN. Fi ifth St., Ww. Hutchinson, Kans. 
Dart, CaRLTon” Bridge Engr., San. Dist. of Chicago, 1500 Am. 
_DERLETH, SHARLES, , IR. Prof. of Civ. Eng., Civil Eng. Bldg., Univ. of Cali- 


fornia, Berkeley, 
Gaur, Roper EUGENE. ngr. of Bridges an nd ‘Bldgs., I. C. R. R., Room 
1000, Central Station, Chicago, I, 
‘GILLETTE, HALBERT ERS. Editor, Engineering-Cont Contracting, 355 Dear- 
born St., Room n 904, Chicago, im. 
‘K HALBERT STEVENS. Gen. J 


LEA A, ALLAN BENJAMIN. Aroaz 2854, ieee: Buenos Aires, Argentine 


DarTus. 179 Cote Ave., » Brook, 


MoncriErr, ALEXANDER Barn. Railw ays Commr., , Adelaide, South Australia. 
GEORGE FREDERICK. Ave. E, 


Mosscrop, ALFRED MiTTon. 399 Oxford St., Rochester, N. Y. 
NICHOL, JOHN. Western ‘Springs, Cook Co., 
PATRICK, Mason Maruews. Maj. Corps of Engrs. A, , Custom House, 
Norfolk, Va. 
Puinirs, JAMES ‘Harry. Prin. “Asst. to Engr. and Supt. of Essex County 
Comm., 60 C lifton Ave. (Res., 27 Ninth Ave.), , Newark, N. 
PRATT, Apsorr. Waynesboro, Va. 
Purpon, CHARLES DE LA CHEROIS. 6157 Kingsbury Blvd., St. Louis, Mo. 
REED, WENDELL Monror.. ‘Dist. New Mexico and Texas, U. 8. Reclam- 
ation Service, ‘Room 14, header of Commerce, El Paso, Tex. 


JAMES. 
TH, Joun Herman. 3414 Wayne Ave., Kansas City, Mo. 


ASSOCIATE MEMBERS 


Arn, WILLIAM GODFREY. x. A sst. 


sst. Engr., I. C. R. R., Union Depot, Louisville, , 
Ky 
BRowN, ROBERT Kine. Engr., , M. of w., 8. L. A& &S. LR 

‘Union ‘Station, Salt Lake City, Utah. 
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r. Co. 
Victoria 
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ASSOCIATE MEMBERS 
BUEHLER, WALTER. 2521 So. Irving Ave., Minneapolis, ‘Minn. | : 
BUMSTED, EUGENE ‘BRADForb. Care, Stone & Webster Eng. ‘Reno, 
JouNn Boss. 401 Edgar St., Evansville, Ind. 


CHace, IRA Mason, ‘JR. ‘Engr., J. W. Bishop Co., 70 Borden New Bed- 
ford, Mass. Mel 


q CHARLES, -LAVERN JouN. ‘Care, (UB S. Service, Ellensburg, 


Coxe, CLINTON LLEWELLYN, “With The H H.W Wales Lines Cc Co. ‘(Res., 


-Epwarp. Constr, Co, 912 Holland Blag., St. 


Exuorr, JAMES: WILLIAM. Care, Hamilton Br idge Works, Hamilton, Ont. 


Farin, James Ruea. Supt. of Constr U. S. Public  Bldgs., Johnson City, 
Tenn. 


‘GARDINER, JOHN ‘PEDEN. Civ. and ngr. Central ‘Bidg., Los. 


GUISE, PHILIP. 17 Lenox Rd., Flatbush, Brooklyn, N.Y. 
HARDESTY, JAMES. Care, Vi irginia Bric 


ige & Iron Co., Box 785, 


Harris, ‘Henry ALEXANDER. Care, are, Direecion | General. Publicas de 
da Republica Dominicana, Santo Santo 
HAWKINS, IRVING. | are,  Dept., P 
HuLse, SHIRLEY CLARK. C2 Ore. 


Lawrence, Cartes WALTER. Prof., Civ v. Eng., Univ. of Southern Califor- 


LINDSEY, KIEFFER. Crystal Springs Ga. 
McBrr, -Varpry Ecuors, TR. Locating S.A. L Ry., Care, 
Portsmouth, Va. 
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CANTRELL “Care, ahoma Ry. Co., Oklahoma City, 
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_ POWELL, THOMAS Jett. 13 Third St., N. E . Washington, D. C. 
RAVENSCROFT, -Epwarp Haw KS. Box 566, Glencoe, Ill. 
Ropins SON, REUBEN TOTMAN. P. O. Box 133, Boulder, Colo. 


ANGER, , EpMunp PuHIPPs. Mt. Kisco, N. 


'THURINGER, CHARLES . Asst. Div. Engr., Board of Superv.. ‘Engrs., 181 La 
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ANCE, ALEXANDER 1 Minton. Asst. Engr., Mo. Pac. Ry., 
worth Sts., Omaha, Nebr. 


48th and Lear en 


378 _ MEMBERSHIP—CHANGES OF ADDRESS _ [Society | 

— 
— 
ol 
— 

— 
( 
A 
( 
— 
( 
a 

> 

PISTOR, GEORGE EMIL JOHN. Designing ron Works, < 
— 

a 
8 
— 
t 

— 

7 


_MEMBERSHIP— 


‘ASSOCIATE MEMBERS (Continued). 
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HITE, Byron ELLSwortn. Care, Seminole Land & Investment Co., Kis- 


WILD, HERBERT JOSEPH, Re es, Engr., Holter Dam, Care, Stone & 


‘Eng. Corp, Holter, Mont. 
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ASSOCIATE 


-STROEBE, GEORGE GOTTLIEB. alkerville, Ont., ‘Canada. 


J UNIORS 


HUNLEY. Care, 
3 NATHAN, | “Asst. Engr, 


Brooks, JOSIAH E. High St., Mt. Vernon, Ohio. 
CoN NoR, RALPH MELVIN. _ Engr. » U.S. Reclamation Service, Oswego, Mont. 


Core, ERLE Lona. With ‘Thurston, Engrs. and Contrs., 2316 

Bowditch St. .. Berkeley, Cal 

Crow, EDWARD. E ng. “School, WwW anganui, Zealand, 
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ENGLE, CHARLES Res. Engr., Salmon River Project, Box Y, 


Twin Falls, Idaho. 
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‘Tyrer, RicHaRp 195, Cypress St. Center, Mass. 


WALKER, EpWARD GEORGE. 6 Canterbury Rd., W atford, Herts, England. © 
Jonn Roserr. Care, Madeira-Mamore Ry., Manios, Brazil. 
WILEY, BE ENJAMIN. 


PH 125 R ussell St., West Lafayette, Ind. 
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Woon, ‘Rover E in Chg. a Port 
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BisHop, GEORGE Elected Member, August 7th, died August 20th, 
1909, 


CHARLES. lected Member, Oc tober 2d, 1895; died August 28th, 


RICHARDSON, HENRY Brown. meetea Member, , 1879; died August 
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City, 15c. 2 
Engineering and "Mining Journal, (46), Scientific American, “New 


‘Railway and Engineering “Review, (48) Zeitschrift, Verein Deutscher In- 
Scientific American Supplement, (49) Zeitschrift fiir “Bauwesen, ‘Berlin, 


members of ‘the Society, the titles of current engineering articles, 
which can be refer red to m any available engineering Library, or can be 
procured by addressing the publication directly, the address an price 


being given wherever possible. 
“LIST OF PUBLICATIONS 


prefixed to each journal in this list: 


(10) Cassier’s Magazine, ‘New ‘York city, Fer et des Paris, 
25c 


Electrical Review, London, 


CURRENT E ENGINEERING LITERATURE 


MONTHLY LIST OF RECENT ENGINEERING ARTICLES: OF . 


TEREST 


(August 2d to September 7th 7th, 

= This list is published for the purp purpose of placing Defore the 


In the e subjoined list of articles, references are given by the number 


Journal, Assoc. Eng. Soc. (28) Journal, New w England Water- 


Milk St., Boston, Mass., 30c. Works Assoc., ‘Boston, Mass.. 
(2 ) ‘Proceedings, Engrs. Club of Phila., (29) Journal, Royal Society 
Pa (30) Annales des Travauc Publics 
(3) Inst., hiladel- Belgique, Brussels, Belgium. 
~phia, Annales de l’Assoc, des Ing. 
< Journal, Western Soc. of Engrs. _ des Ecoles Spéciales de Gand, 


Montreal, ‘Que., Canada. 


Transactions, Can. Soc. (32 ) Mémoires ,Compte des 
Civ de 
(6) ‘School of Mines Quarterly, Co- re ig 
lumbia Univ., New York 7 


Monadnock BIk., Chicago, Brussels, Belgium. 


33) Le Génie Civil, Paris, France. 

““tech., Boston, Mass., 75c. chines, Paris, France. _ 

(8) Stevens Institute Indicator, Stevens (35) Nowvelles Annales de la poate 

Inst., Hoboken, N. J., 50c. tion, Paris, France. = 
(9) Engineering New (37) Revue de Mécanique, Paris, Bronce, 

Cay, Générale des Chemins de 


France. 


(12) ‘The Engineer (London), (42) Pr Am. Inst. Elec. 
national News Co. New York Eners., New York City, 50c. 
City, Annales "des Ponts et ‘Chaussées, 
(13) Engineering News, York City, Paris, France. 
oni The Engineering Record, New York tion, Governors Island, New York — 
(18) Railroad Age Gazette, ‘York «4 (45) Mines and Minerals, Pa. 


(17). Electric Railway Journal, Engineer, Manchester, 
York City, 10c. England. 


Chicago, IIl., 10c. fe genieure, Berlin, Germany. 
New York City, 10c. Germany. 


(20) Iron Age, New York City, 10c. (50) Stahl und Hisen, Diisseldorf, 
(21) Railway Engineer, ‘London, Eng- many. 


“(2 2) Iron and Coal Trades’ Review, Lon- many. 
don, England, (52) Rigasche Industrie- -Zeitung, Riga, 
(23) Bulletin, American Iron and Steel tai. 
Assoc., Philadelphia, Pa. (53) Zeitschrift, Oesterreichischer 


(24) American Gas Light Journal, New aa genieur und Architekten Verein, 
York City, Vienna, Austria. 
American Engineer, New. Transactions, Am. Soc. C. E., New 
City, 20c. York City, 
(55) Transactions, ‘Am. ae M. E., New 
land. York City, $10.. 
27) Electrical W orld, New Yor k ‘cit y, (56) Transactions, a Am. = Inst. _ Min. ; 


_ Eners., New York City, $5. 
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(80) Tonindustrie Zeitung, Berlin, lead 
roceedings, Eng. Soc. W. Pa. 81) Zeitschrift fiir paren ur und In- 
9) Transactions, Mining Inst. of Scot- 


land, London and Newcastle- (82) _ 4 
-upon-Tyne, England. ( Polytechnisches Jour 


(60) Municipal Engineering, Indian-— 
Progressive Age, New York City, 
(61) Proceedings, Western ‘Railway (84) Paris, France. 


Dearborn St., ‘Chicago, (85) Proceedings, Am. Ry. Eng. and M. 

— W. Assoc., Chicago, Ill, 

(62) ) Industrial World, (86) Engineering- Contracting, Chicago, 

"London, England. (87) Ro ane oreman, Chicago 
(64) Power, New York City, 20c. ave 
(65) Official "Proceedings, New York (88) Bulletin of the International Ry. 


Railroad Club, Brooklyn, N. Y “Congress Assoc., 
(66) Journal of Gas Lighting, London, (89) ‘Proceedings, Am. for 
(67) Cement and Engineering y Ne ws, Transactions, Inst. of 
Ghicago, Ill., 25c. -Archts., London, ‘England. 
(68) Mining Journal, London, (91) Transactions Soc. Naval 
(70) Engineering Review, New York “Marine Engrs. 
(71) Journal, Iron and a Inst., Lon cs Bulletin, Soc. d’Encouragement 
(73) Electrician, London, England, 18¢. France. 
(74) Transactions, Inst. of Min. and de ote, Paris, 
Metal., London, England. France, 4 fr. 50. 
‘Proceeding: Inst. of Mech. ‘Engrs., (9 The Boiler Maker, New York City, 
(76) Brick, Chicago, Ill, International Marine Engineering, 
(77) Journal, Inst. Elec. Engrs., London, ‘New York City, 20. 
England, (96) Canadian Engineer, Toronto, Can- 
(78) Beton und Eisen, Vienna, Austria. ada, 15¢. 
(79) Forscherarbeiten, Vienna, a. « (97) Turbine, Berlin, Germany, 1 Mark. © 
ARTICLES 


Nickel-Steel Eye- Bars for. Blackwell’ s Island Bridge.* um R. . Webster, M. Am. 
Soc. C. E. Vol. 64. 
Be of Locomotive Axle- Loads, in Relation to Bridges. * 
Ward Ball, Assoc. M. Inst. C. E. (63) Vol. 176. Pe ee 
_ Derrick Cars and Bridge ee. with some Tests of Iron Pulley Blocks. * 
- Method and Cost of Constructing : a Reinforced Concrete Arch Street Bridge at Balti- | 
A 259-Ft. Concrete Arch Bridge in Switzerland. * (13) Aug. bias anil at 
The Construction of the Edmondson Avenue Bridge, Aug. 14. 
An English Double- Deck Swing Bridge for Railway and Roadway Traffic.* : 
_ Blackwell’ s Island Bridge, New York. iis Frank W. Skinner, M. Am, , Soc, C. E. 
Erection of Additional Bridge Towers.* (14) 
~The Bridges of New York City.* T. Kennard Thomson. (9) Sept. 
The Monroe St. Bridge, Spokane, a Concrete Bridge 
281-ft. Arch.* (13) Sept. 2. 
Construction et Mentane du Viadue des Fades. Le Chatelier. (92) 
a Le Pont de l’Institut.* (84) July. 
a Etude Economique de YEmploi de l’Acier au Carbone A grande Résistance, pour 
Construction des Ponts.* J. A. L. Waddell. (33) Aug. = 


33) 
Le Viaduc de ‘Ge VAssopos Georges Bodin. (33) Aug. 14. 


A Hydro- Electric “Installation in Nyassa- Land.* * Al @ 
Inst. C. E. (63) Vol. 176. 
‘The New Telefunken Method of Wireless Eccles. July 30. 
Modern Submarine Telegraphy.* S. G. Brown. (Abstract of paper read — tne 
Royal Inst.) (73) Serial beginning July 30. 
The Corrosion of Metals ‘Underground by Electrolysis. = A. A. Knudson. 
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CURRENT E NGINE ERING LITE RATURE 


Losses, 


Pole- Losses.* ~ 

‘Dimensions of Single- Phase Core — and Shell Transformers, with — and Iron 
Circuits of Uniform Rectangular Cross-Section.* A. R. Low. ZH) 
The Dielectric Strength of Compressed Air.* E. A. Watson. (77) “Au. 
The Kapp-Hopkinson Test on a Single — Machine.* W. Lulofs. 


Flywheel Load Equalisers. J, Peck. (77) 
Central-Station Development at Lawrenceville, I1].* (27) Aug. 5. oy 
of Towers for High- Transmission Lines.*. N. J. Neall. 
Aug 


Modern of Artificial Illumination.* Gaster. (29) Serial beginning 
Aug. 6. ae 
Triple- Frequency Currents in Neutrals of Three- Phase Star Connected Alternators.* oan 

i E. W. Marchant and J. K. Catterson-Smith. (73) Aug. 6. 

Electric Circuit Problems, Design and Testing. (57) Serial beginning Aug. | 6. 

The Transmission and Distribution Systems of the Rio de Janeiro Tramway, Light, & 

Power Company.* L. L. Perry. (2 ie Aug. 12. 

The E lectrical of the Life Building of Newark, N. J.* 
N. M. Schoonmaker. (27) Aug. 19. 
Connections for a Single-Phase Wattmeter on a Three- Phase, -Three- Wire System. =. 
F. Conrad. (27) Aug. 19. Ra 
Types of Alternating-Current Commutator Motors and the Best F requency - for Rail- 
ways.* Eichberg. (Abstract from Elek. Zeit.) (73) Aug. 

Leakage Reactance.* J. Rezelman. (73) Serial beginning Aug. 20. — ae 
Hydro-Electric Development, Colorado Yule Co.* 8. Stone. (96) Aug. 

Polyphase Magneto-motive Forces. iJ. D. Nies. (27) Aug. 26. 

The Weiss Laboratory Electromagnet.* M. P. Misslin. Aue 36. 

‘The Distribution of Dielectric Stress in Three-Phase Cables.* W. M. Thornton and 

O. J. Williams. (Paper read before the Brit. Assoc.) (11) Aug. 27. 

Labor Costs in the Central Station. Howard S. Knowlton. (9) Sept. 

‘Electric Control for Rolling-Mill Motors.* C. T. Henderson. (42) Sept. 

Electric Problems in Steel Plants. R. Tschentscher. gil Sept. | 

-Street-Lighting Conditions in Boston.* (27) Sept. 2. 

The Automatic Telephone.* Snowden B. Redfield. Sept. 

Notes sur les Grandes Usines Centrale 4 Vapeur au Point de Vue des Conditions - 

Générales de leur Etablissement. G. Chevrir. (32) June. 

Note sur l’Industrie de l’Energie Electrique.* A. Alby. (92) 

La Fabrication de l’Acide Azotique et des Azotates au Moyen de VAzote Atmos-— 
phérique (procédé Schénherr).* E. Lemaire. (33) July 24. 


Combination of Reciprocating and Turbine Engines.* Ww. McK. Wisnom. 
before the Inst. of Engrs. and Shipbuilders.) Aug. 6. 
Trials and Performances of the 8. 8. Otaki, Fitted with a Combination of Recipro- — 
eating and Turbine Machinery.* W. McK. Wisnom. (Paper read before the 
Inst. of Engrs. and Shipbuilders in Scotland. ) (47) Serial beginning Aug. hel 
Building Slip Equipments.* H.H. Broughton. (73) Aug. 27. 
Norddeutscher-Lloyd Twin-Screw Steamer George on. (10) Aug. 27. 
-E i si ils 
Turbo Electric Propulsion for Vessels. R. M. Neilson. ( ) 


‘The Operation of Passenger Elevators. * “Reginald Pel ham B Bolton, 
ing On Heat-Flow and Temperature- Distribution in the Gas- -Engine. Bertram 
gon, M. Inst. C. B. (63) Vol. 176. 
An Investigation into the Heat-Losses in an Electric Power- Station. Frank ‘Hunt- 
- ingdon Corson, Assoc. M. Inst. C. E. (63) Vol. 176. pie re 
F ‘uel from Peat.* 'M. Ekenberg. (71) Vol. 79. 
Interchangeability and of Securing it ‘Screw- Thre; ads.* H. F. Donaldson. 
(75) Feb. 
- Test of Gas Compressor No. 3 of | the New Orleans Gas Light Company, | Saturday, 
January 9, * W. B. Gregory. read the La. Eng. Soc.) 
July. 
Calculation of Vibration am “Whirling: Speeds. Arthar “Morley. (12) "Serial 
fore the Testing for Applying Bending and Twis sting Moments Simultaneously.* 
Coker. (From Proc., Physical Soe. of Lond.) (47) July 30. 
Aug. Suction Producer for Bituminous Fuel: Morton’s Patent.* (57) | 30. 
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The Use of Large Gas Engines. for Generating Electric. * Andrews 
and Reginald Porter. (77) Aug. 


Kosmos Cement Plant.* (67) 
Coal Washery Plant Control. * G. R. Delamater. (45) Aug. 


Hoisting and Coal-Handling Plant.* W. G. Flint. (45) “Aug 
The Gas Engine in Central Station Work.* Wm. F. Flint. ee maid read before the 
Elec. Assoc.) (24) Aug. 2; (83) Aug.2, 
Standard Practice in Pipe Threads.* J. F. Springer. (64) Aug. 3. 
_Carbonizing Plant at Stirling.* J. D. Sue, (Paper read betore the North Brit. 
Assoc. of Gas Mgrs.) (66) Aug. 3. 
‘Installation of Carburetted Water-Gas Plant at Aberdeen.* Samuel Milne. (Paper 
‘read before the North Brit. Assoc. of Gas Mgrs.) (66) Aug. 3. 
The Westinghouse-Leblanc Condenser.* Edwin iawger. "(Paper read before the 
of Iron and Steel Elec. Engrs.) Aug. 5. 
A New Process of Making Chilled Car Wheels.* Thomas D. W est. (20) Aug. 5. 
——_ Connecting the Pressure and Temperature of ‘Saturated Steam, Ss. -Godbeer. 
Metal. -Cutting by Means of Oxygen.* 6. ihe 
Wetterhorn Electrically-Operated Cableway.* Louis Dubois. 6. 
Power Plant at Williamsport, Penn.* ane. 10. 


Compressed Air Production and Use.* A. 
‘Transvaal Inst. of Mech. Engrs.) (96) 
‘The | Spontaneous Heating of Coal. Richard 
before the Soc. of Chem. Ind. (22). 13. 
Air in Construction Work. (14) Aug. 14. a7) A 
5 000-Kw. Exhaust-Steam Turbine in Interborough Power nee (17) 
- Oxyhydric Process of Cutting Metals.* E. F. Lake. 
New Gas Plant in the Model of Gary.* (83) Aug. 
ompressed Air Engineering. F Freak Richards. rom Canal ‘Bul. ) (96) 
Serial beginning Aug. 20. 
Inverted Incandescent Gas- Burner. Connor. (Pape Tread before the 
Irish Assoc. of Gas Mgrs.) (66) Aug. 
‘Results of Breaking Tests ‘tie Iron Pulley Blocks.* (Report of tests made at wis. 
of Steam by Means of a Diagram.* 
Am. Soc. M. E. (13) Aug. 26. 
‘Exp ‘xperiments with Centrifugal Pumps. * Davis and W. R. 
Power for Crushing Machinery. (45) Sept. 
Gas Firing for Lime and Cement Kilns.* Oscar Nagel. (10) | Sept. a 
Quality in Fire Clay for Gas Benches.*— (83) Sept. 1. 
‘Bimetallic Condenser Tubes.* Edward K. Davis. (13) Sept. 2. 
‘The Hydraulic Transmission of Dredged Materials at San Pedro Harbor, Cal.; 
- Record of Performance.* H. Hawgood, M. Am. Soc. Cc. E. (13) Sept. 2. 
of a Gas Engine and of a Combined Steam Plant. Chance. (14) 
Sept. 4. 
qa’ Eau et t de Gaz au Poet de Vue, des Intéréts 
Financiers et Sanitaires.* J. Gilbert. (32) June. ee 
Rapport sur le Systéme de Bascule Curseur Automatique Construit par la -Manu- 
facture d’Horlogerie de Béthune.* Leon Masson. (92) June. 
~ he Traversée de la Manche en Aéroplane par M. Bleriot, avec son Monoplan No. 
(25 juillet, 1909). (33) July 31,0 
tude sur la Production Economique de la Vapeur.* (37) Serial begin- 
Hing duly St... 
Le Vol de l’Oiseau et les Ornithoplanes.* A. Etevé. (33) ‘Serial beginning Au 


Metallurgical. 


A Heat Treatment Study of Bessemer Steels.* Andrew McWilliam. 79. 

Ageing of Mild Steel and Influence Nitrogen. ‘Stromeyer. (71) 

Influence of the Treatment of the | Solubility of Steel in Sulphuric Acid, and Deduc- 

tions Therefrom as to the Nature of the Treatment to Which the ‘Material has 
been Previously Subjected; Researches of the Royal Institute for Testing Mate- 
rials at Gross-Lichterfelde. * . Heyn and O. Bauer. (71) — Vol. 79. 

Note on the Determination of Carbon and Phosphorus in ‘Steel. _ Andrew A. Blair. 

71 Vol. 79. 

The Ghemical ‘Physics. involved in the of Iron-Carbon Alloys.* 

The ‘Electric Furnace and Electrical Process of Steelmaking, with Particular Refer-_ 

ence to the Réchling-Rodenhauser W. Rodenhauser. (71) Vol. 79. 


Copper Blast Furnace Smelting at Anaconda.* C. Offerhaus. (16) Aug. 7. 
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LITERATURE 


_ Efficiency of the Air Lift ¢ as a Solution Pump. * Leonard M. Green (16) Aug. 7. 
Peroxidation of Iron in Blast Furnaces. Antenor Rizo-Patron. Aug. 21. 
Concentration at the Butte Reduction Works.* A. H. Wethey. , 
Ee Treatment of Steel in Elec tric Furnaces.* Henry M. Howe. (16) 


Cananea Ore-Bedding System.* R. L. Herrick. (45) Sept. 
The Dorr Continuous Slime Thickener.* (45) Sept. 
Modern Cyaniding Practice and Machinery.* Arthur Selwyn- Brown. (9) ‘Sept. 7 
Smelting Refractory Lead Ores at Laurium.* L. Guillaume. 
_ Annales des Mines.) (16) Sept.4. 
: ieee du Temps et de la Température sur les Essais au Choc. 


La Valeur du Combustible dans les Fours a Cuve et en Particulier dans le ae 


‘ourneau. Joseph von Ehrenwerth. (93) Aug. 
"Military. 


= Schneider Torpedo- Testing Station.* (11) Aug. 6. 


Mining, 
Ele 

Coal Company, ‘Limited, Fife. * John £59), Vol. 
he British Coaldust Experiments. * (57) July 30; 2) July 


Notes on Safety of Working Electrical Plants in Goal. ‘Mines. Sydney A. Simon. 
(77) Aug. 


Electricity in Mines. Geo. Wood. (42) Aug. 
Sealing Shafts after Explosion.* J. Garcia. (45) Aug._ 


Cananea Caving and Slicing Systems.* R. L. Herrick. z (45) sine 7 
aa Sinking by Freezing Process. Sydney F. Walker. (45) Aug. 


Sealing Off Summit Hill Mine Fire.* H. H. Stoek. (45) Aug. ‘i 
_ French Coaldust Experiments.* J. Taffanel. (Abstract from Proc., N. int W. Inst. 


_ of Engrs.) (57) Serial beginning Aug. 6; Aug. 6. 
Prospecting Anthracite Mines by Drill Holes.* ‘Frank Lynde. (16) Aug. 

The Utilisation of Exhaust Steam in Collieries.* C. B. Chartres. — (Abstract from 
Proc. South Wales Inst. of Engrs.) (22) Aug. 20. 
Electric Signalling in Mines, the Siemens System.* (22) Aug. 20. 

The Theory of Blasting with High Explosives.* H. Musson Thomas. (Ab: tract - 

from Journal, Chem., Met. and Min. Soc. of south Africa.) (> 
-Conerete Linings in Shaft Sinking.* R. H. Rowland. (16) Aug. 21. 
Concrete Shafts at Lake Iron Mines ; Methods used in Sinki ng Quicksand on the : 

Marquette Range.* Frederick W. Adgate. Aug. 26. 
Copper Mines and Smelteries of George A. (16) Aug. 
Some German Mine Preps. * Hecker. | (Abstract from Gliickauf.) 16 Aug. 
Self-Acting Top for Gravity Plane.* McKean Conner. (45) sept. 
The Miami Copper Mine, Arizona.* Herrick. | (45) Sept. 
Ventilateur _Diamétral, Systeme Mortier, et sa ‘Transformation en Diamétral 


A System of Cost Keeping.* Myron S S. Falk, M. Am. Soc. CE. (54) Vol. 64. 

Address at the 41st Annual Convention, Bretton Wood:, Hampshire, 
_ 1909. Onward Bates, President, Am. Soc. C. E. (54) Vol. 64. 

“The Recording Pyrometer.* P Percy _Lengmuir and Thomas Swine en. (71) 
Vol. 

Training = the ‘Engineering ‘Trades in ‘Philadetphia. Henry Ww. ‘Spang ler. 

The Training of Non- Technical ‘Men. R. ‘Dooley. Aug. 


Sampittic Surfacing.* Walter Wilsen Crosby, M. Am. Soc. C.E. (54) Vol. 64. 
Location of Pipes and Conduits for Public Service Corporations. Lewis M. Hastings. 
(Paper read before the Boston Soc. of Civ. Engrs.) (1) July. 

_ The Cost cf Constructing Macadam and Gravel Road in Missouri with Data on the 
Amount of Materials Required. (86) Aug. 4. Ree 
_Asphalt- Macadam Roadways. i Clifford Richardson. (P: aper read before the Road 

_ Cong. at Seattle, Wash.) (96) Aug. 13. =. | 

The Work of the Street Repair Department of Baltimore. Md, in 1908, with ‘Data - 

= the Cost of Asphalt Block, —_— Block, and Vitrified Block Pavements. 

The Itemized Unit Cost of 145 000 sa. Yd. of Creoscted Wcod Block Pavement at 
Minneapolis, Minn. (86) Aug. 1800 

The National Town Planning - Congress at Port Sunlight and Southport, | Eng. 
‘Frederick L. Ford, M. Am. Soc. C. E. (13) Aug. 19, 
Methods of Constructing - Wocd Block Pavement in England.* Malcolm B. Bennett. 
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Cost of Pavements. (60) Sept. 
Sidewalk and Curb Design and Construction.* + (60) Sept. 

The Development of Modern Road Surfaces.* (3) Serial beginning Sept. 
Wood Paving in Kensington, London, England. William Weaver, M. Inst. C. B. 
(Abstract from The Surveyor.) (13) Sept. 2. 


Railroad, 


The Maximum Weights of § Slow Freight Trains.* Ss. Am. Soe. 
(54) Vol. 64. 
High Speed on Railway- -Curves. * John Wyatt ‘Spiller. (63) Vol. 176. | 
A Practical Method for the Improvement of Existing Railway- Curves. 7 William 
Hamilton Shortt, Assoc. M. Inst. C. E. (63) Vol. 176 
‘Distribution of Locomotive Axle-Loads, in Relation to — James Dudley 
Ward Ball, Assoc. M. Inst. C. E. (63) Vol.176. 
aay | 8-Wheel Switching Locomotive, D. L. & W. R. R. + (18) July 31. 
nN Yew Shops of the N. Y. C. & H. R. R. R. at West Albany, N. Y.* (18). July 31, 
The “M. D. M.” Auto-Combiner System of Power Signalling at La Plaine de St. 
Denis, Paris.* (21) Aug. 
Notes on 4-6-2 Locomotives.* Aue 
The Latest Power Signalling Installation, Yarnton, Great Western Railway. + 
= Coupling Rod Joints and Pins; Italian State Railways.* (21) Aug. | 
++ Express Passenger Engine (Class E) ; ; South Eastern and Chatham 


«~Aug. 

« “Lay of an Intersection Between Dom 

the Question of Rail-Joints. Alexander Ross, M. Inst. E. (88) 

_ Great Town Tunnels in Great Britain; On the Question of Long Railway Tunnels, : 

Construction, Ventilation and Operation.* Francis Fox, M. Inst. C. E. ~ (88) 

Introduction of Electric Traction on Main- Line Railways. 

(From Elek. Kraftbetriebe u. Bahnen.) (88) Aug. 

‘The Perry-Prentice Wireless Signalling System. Avery Blair. (From The 


and Slope Shee 


The Norris Locomotive Works.* C. H. Caruthers. | (15) Aug. 6.” aris 
eB. in Refrigerator Cars. Joseph H. Hart. (15) Aug. 6. _ = 


The Steepest Passenger Cable Railway in Europe.* E. Ommeganck. | (15) Aug. 6. 
Automatic Signals near Washington, Baltimore & Ohio Railroad.* (14) 
The Trenton Avenue Elevated Railroad, Philadelphia.* (14) | Aug. , 
New Terminal of E aad Public Service Railway at Hoboken, N. J.* Martin Schreiber. 
— "Improvements of the Coney Island & Brooklyn Railroad Company.* (17) 
Tunnel Waterproofing, Franklin & Clearfield Railroad.* (14) Aug. 14, 
Double-Service Electric Railway Signals.* W.K. Waldron. (27) Aug.19. | 
A Special Type of Track Construction for Tunnels and Subways.* (13) Aug. 19._ 
Map of Chicago Terminal District. * (15) Aug. 20. 


An Automatic Crossing Gate.* (15) Aug. 20. 
Three Subways under Sydney New South Wales.* (14) 
Bearing Friction and Power Consumption. il M. V. Ayres. si, he a1 

Chicago Track Elevation of Burlington Railroad.* (4) Aug. 21. 

Tests with Locomotive Brick Arches.* (18) Aug. 21. beoaiaree, a 
Cost of Excavating 50000 cu. yd. of Shale in pagjeeieal Cut by Steam Shovel. C. 


‘Miles. (86) Aug. 25. 

The Tehuantepec Railway and Terminal Ports.* . Serial | beginning 

Ashton Locomotive Recording Dynamometer.* (15) Aug. 27. 

Train Resistance.* F. J. Cole. (15) Serial beginning Aug. 27. 

The Use of Titanium Rail on Baltimore Railroad. A. Ww. Thompson. 

New Chicago Chicago Northwestern Ry.* (14) Ser beginning 


New Shops of the St. Louis. ‘San Francisco R. R.* (18) 28. 
The Substitution of Electric Power for Steam on American Railroads. =o Darlington. Be 
Pacific Type Locomotive, Chicago, Burlington & Quincy Railroad. a (25) 4 Sept. 
Types of Reinforced Concrete Culverts on the Chicago, Milwaukee & St. Paul Rail- 

way with Comparative Cost Data.* J. H. Pryor. , (Abstract of paper read 

_ before the Assoc. of Ry. Supts. of Bridges and Bldgs.) (86) Sept.1. 
Locomotive and Passenger Shops of the Frisco "System Springfield, Me 
Notes from the St. Paul Shops of the Great Northern. + (15). Sean. 3. 
Locomotive Repair Shop of the Missouri, Kansas & Texas at Parsons, 

(15) 


Kansas.* 
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Railroad— (Continued). 


Le Chemin de Fer de la Narihalla (Indes Anglaises). . 


‘CURRENT ENGINEERING LITERATU 


Single-Phase Extensions of the Lyons (France) City Lines.* Sept. 4. 
Nouvelles Applications du Systéme Mallet aux Locomotives de neue str 
_  _caine.* Henry Martin. (33) July 24. 

Lionel W iener. ( 30) Aug. 
La Jonction Directe 4 Bruxelles des Parties Nord et Sud du Réseau des Chemins 
de Fer Belge (Document Parlementaire).* (30) 

- Nouvelle Locomotive Compound a Trois Essieux Couplés et & Roues Motrices de 1m, 
75 de la Compagnie du Chemin de Fer du Nord.* Du Bousquet. (38) Aug. 
Note sur l’Exécution d’Enclenchements Provisoires par Serrures sur 

Réseau d’Orléans.* Jullien. 


Aug. 


Depreciation of Electricity and Tramway 

A Supplementary Report on 

Elevated Railway Trains in Chicago. * 
‘ease Trolley Cars in Europe. 


U nder takings. 
the Proposed © ‘Subway System 


* (47) July 30. 
for Street Cars 


(17) Aug. 21; (27) Aug. 19. 
Steel Cars for Chicago Railways Company.* (17) Aug. 28. a 


Deflections of Chicago Street Railway Track. (14) ‘Sept. 


‘Sanitary. 
Pa 


anitary Control of Filter Plants.*. Francis D. West. (2) 
Charles L. Hubbard. (70) Aug. 


Heating and Ventilating Plant of the Allegheny County Court House, Pittsburgh, 


Drainage Engineering Data. A. O. Anderson. (76) Aug. | 
Test of Large Sewage Pumping Station.* Simpson Rice. (64 


~The North Shore Channel of the Sanitary District of Chicago ; Methods a Cost. 
of Constructing Section One.* (86) Aug. 4. 
The Hampton Doctrine versus Dunbar. A. Lubbert. ‘The Surveyor. yor.) (96) 


Sewer Tunneling in London.* Alfred E. Snape. (Abstract of paper read before the 
Assoc. of Mun. and County Engrs.) (13) Aug. 
An Aerating and emg] - System for Percolating Sewage Filters.* Wm. Gavin 
Taylor, M. Am. Soc. (03) Awe. 79. 
Devices for Charging Refuse High-Temperature Refuse 
A. Greeley, Jun. Am. Soc. E. (13) Aug. 20. | ‘a 7 
Sewage Contact Filters with Control at Auburn.* (14) Aug. 21. 
The T Travis Hydrolytic Tanks at Norwich, England. A. E. Collins. (Abstract of a 
paper read before the Royal San. Inst. (14) Aug. 
a Mechanical Filters.* (96) Aug. 27. 7 a 
The Emscher Tank for Sew Disposal. Imhoff. (F ‘rom ‘The Surveyor. (14) 
and Its Disposal. 
(86) Sept.1, 
Design of a Central Heating with Forced Circulation of Hot 
a The Sanitary Significance of . the Air of Drains and Sewers. C.-E. A. 
Winslow. (Abstract of report to the Sanitary — National Assoc. of Master 
of the U. S.) (13) Sept. 


Stractural. 

he Bonding of New to Old Conc rete.* EL M. Soc. (54) 

the Action of on Cement and Other E xperi- 


H. ‘De B. Parsons. 


(Lecture Rena. Poly. ) 


ments on These atson. (54) 
Vol. 64.00 
Sheeting and Sheet- Gifford, Assoc. M. Am. Soe. (54) 


The of Iron and Steel. * Allerton S. Cushman. (71) 79. 


The Electrolytic Theory of the Corrosion of Iron and Its Applications. * seal 
W. Walker. Wel.) .... . 
‘The Value of Physical Tests in the Selection and Testing <* Protective Coatings for 
Iron and Steel.* J. Cruickshank Smith. Vol. 79. 
Notes on Tests for Hardness.* Thomas Turner. (71) “Vol! 79. 


High-Tension Steels. Percy Longmuir. (71) “Vol. 
The E ingineering F eatures of the Athletics “Baseball Park. Michael Monaghan. 
Lateral Strength of Beams.* H. D. Hess. (2) 


Commercial Testing» of Iron Steel.  W. F. Burrow. (Abstract of report to the 
South Wales Govt.) 2) ‘Serial beginning July 30. 
The Corrosion of Metals Unde reround by Electrolysis.* A. A. Knudson. 
= High Record in Bricklaying . by Novel Methods.* 


Corrosion of the Bottom ie Oi 1 Tanks and of Other ‘Structures.* 


Adolphus: ‘Knudson. (Paper read before the Amer. Elec. 
Aug. 


*Illustrated. 


(3) ‘Aug. 
Peck. (13) 
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CURRENT ENGINEERING | 


_A Timber-Treating Plant at Madison, INinois. iicetin (14) Aug. 7. 
Application of Reinforced Concrete Piling in Foundations, station, ‘C,” Oakland, 
Cal., of the Pacific Gas Company.* H. (24) 


Aug. 9. 
Some Experiments on Solid Steel Bars under Combined Stress.* C. Alfred ‘Smith. 


Concrete Fence and Retaining Wall. arren H. Miller. (14) 
New Shanghai Telephone Exchange Building.* C. Luthy. Aug. 21.0 


Experiments to Determine Pressure of Concrete on Forms. Fr rancis | R. Shunk. 
(From Professional Memoirs, U. S. Engr. Bureau.) (86) Aug. 25. ee ie 
Tests of Water Repelling ‘Compounds for Making Concrete Waterproof. Ira oO. 
Baker. (From Vechnograph.) (86) Aug. 25, 
Concrete Buildings for a Large Manufacturing Plant.* A. Hoyt. 
Rusting of Ir ‘on and the Rochester, ¥., Steel ‘Serial ial begin- 


fing Ane 27. 


A Large Reinforced- Concrete Grain W arehouse in Duluth.* (14) Aug. 28. 

q 7 Construction in Earthquake Countries.* William Herbert Hobbs. @) Sept. > 
Design of Steel Stacks.* Birger F. (94) Sept... 
Simple Methods of Stack Design.* Haire, Jr. ‘Sept. 

- Difficulties in the Practical Work of Creosoting Timber. John C. Oakes. 
_ fessional Memoirs, U. S. Engr. Bureau.) (13) Sept. 
A Large Reinforced “Concrete Deme on a eae in Los Angeles, Cal.* 
“Tests of Bond Between ‘Steel and Concrete. H. Cc. Berry. (14) Sept. 4 
Express Depot, Vault and Stables at Utica, N. Y.* (17) Sept. 4. © 
— aux Constructions a des Tremblements de (84) 
ul 


‘mmplol des _Aciers” Spéciaux dans ‘Constructions Métalliques.* 
July 31. 

Nouveaux Essais de Chaud sur les ‘Spéciaux.* Guillet et L. 


 Water-Works Valuation and Fair Rates, in the Light of the Maine Supreme Court: 


- Decisions in the Waterville and Brunswick Cases. * Leonard Metcalf, M. Am. 


Soc. C. B. (54) Vol.64. 0 
T he Purification of Ground-Waters Containing Iron and Manganese. 


* Robert Spurr, 


"Weston, Assoc. M. Am. Soc E. (54) Vol. 64. 
; Stresses in Masonry Dams.* William Cain, M. Am. Soc. C. E. (54) Vol. = s 
al The Design of Elevated Tanks and Stand-Pipes. C. W. Birch-Nord, M. 


Pumping by —Oil- Engines: Divi Irrigation Works.* Percy Hawkins. Vol. 
¥ he Principal Stresses and Planes in a Masonry Dam. Frank Harvey ened, 
Assoc. M. Inst. C. E. (63) Vol. 176. 
The Filtration and Purification of — for Public Supply.* John ‘Don. aa 
- Accident to Necaxa Dam No. 2.* afl? ‘Serial beginning July 30. 
The Value of Water. Alton D. Adams Aug. 
Water Softening or Purification and Its Saving. read before 


the Amer. W. W. Assoc.) (60) Aug, 00 2 
The Government Dam Across the Rock River at - Sterling, Ill.* Fred W. Honens, 
Am. Soc. C. BE. (13) Aug. 5. ; 


? voltianiintats Chemical Treatment as an Aid to Slow Sand Filtration ; Indianapolis | 
Water Co.* H. E. Jordan. (Abstract of paper read before the Amer. Chem. 
‘The Design of an Eight- Mile High- Head Hydraulic Conduit.* Lars Jorgensen, 
Assoc. M. Am. Soc. C. E. (13) Aug. 5. 
Progress of the Southwest Water Tunnel in Chicago.* 14) Aug. 7. 
Ratings of a Pitot Tube.* E. C. Murphy, M. Am. Soc. C. E. ~ (13) “Aug. 12. 
Earthen Dams. (Specification.)* Frank Reed. (96) Aug. 13. " 
ire Protection, Western Electric ‘Works, Hawthorne. * (14) Aug. 14. 7 
Irrigation in Victoria. Elwood Mead, M. Soc. GC. E. (14) Aug. 14, 
Sclby New Water-Works. Percy Griffith, M. Inst. C. E., and Bruce M’ Gregor Gray, 
Assoc. M. Inst. E. (Abstract of paper. read before the Assoc. of Water 
ss he Efficiency of Labor in, and the Cost of wasted Main W elite in Boston, 
Mass.* (86) Aug. 18 — 
_ Electrolysis of Winnipeg Water Mains.* a. Herat. (96) 20. 


*Ihustrated. 
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CURRENT ENGINEERING LITERATURE 


Relation of Government to Power on Navigable 
 $treams. Sirrine. (14) Aug. 21. 
Investigations of the Saturation of Earth Scan. (14) Aug. 
Hydro- Electric Generating Station of the Great W restern “Power Company on the 
Feather River.* (27) Aug. 26. 
The Gunnison Tunnel of the Uncompahgre Valley Project, United States widen . 
tion Service.* I. W. McConnell. (14) Aug. 28. a 
The New Pittsburg Filters.* Hartley M. Phelps. (60) Sept. 
Combination System of the & Gas of Warren, Ohio.* 


The Goderich Sedimentation Basin.* J. Grant 
Etablissement des Canalisations @’Eau et de Gaz au Point de Vue des Intéréts 


Financiers et Sanitaires.* J. Gilbert. (32) June, 2 
La Déferrisation des Eaux Souterraines.* (35) Aug. 


Waterway. 


“Famagusta, Harbour, Cyprus. * George Hobbs. (63) Vol. 176. 
The Panama Canal. * Frederic P. Stearns cruper read before the Bost. Soc. of 
‘Civ: 


Concrete-Steel Caissons; Their Use for Breakwaters, ‘Piers and 
“Revetments.* W. V. Judson, M. Am. Soc. ©. E. (4). Aug. 
Methods Employed in Computing Reinforced Concrete Caissons 
-water.* (86) Aug. 18. 
Subways under Sydney Harbor, New South Wales.* 
tock Removal in Hell Gate, New York City. (14) 
Revetment Construction on the Lower ‘Mississippi Ri 
(13) Aug. 26. 
Memoranda on Dredging in ‘Ambrose 7: hannel, New Harbor.* Wig- 
- - more. (From Professional Memoirs, U. Engr. Bureau.) (13) Aug. 26. 
he Present Aspects of the Panama Canal “trom: the Tourist’s 
William Tatham. . Sex 
The Hydraulic Transmission. of Dredged at San Pedro Harbor, Cal. ; 
‘Record of Performance.* H. Hawgood, M. ‘Soe. E. (13) Sept. ty 
» -Redressement de l’Escaut “AV al d’Anvers. C.-J. Van Mierlo.. CA) 
Les Echelles Hydrauliques Appliquées la et a la Régularisation des 


Riviéres.* G. Denil. (31) Pt 2,0 


‘ermustrated. 
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- Charles F. Loweth, Ralph Modjeski, Frank C. Osborn, George H. Pegram, Lewis D. Rights, 
George F. Swain, Emil Swensson, Joseph R. Worcester. 
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This Society is not responsible, as a body, for the tacts advanced ced 
in any of its publications. — 


SOCIETY Y AFFAIRS” 


Hours durjng which the Society House is 


List of Nominees for Offices to be filled January 19th, 1910 

f Meetings of the San Francisco Association of Member s, Am. Soc. C. E.. 

Privileges of Local Societies Extended to 


Accessions to the Library 


-Donations..... 


‘MINUTES OF MEETINGS 


OF THE ‘SOCIETY 


September 15th, 1909.—The meeting called 1 to order at 
James Owen, M. Am. Soe. C. E., in the chair; Chas. Warren 
a Hunt, Seer etary, and present, also, 124 members and 30 guests. 
_ “paper by John Hoyt, M. Am. Soc. C. E., entitled 
Use and Care of the Current Meter, as Practiced by the United — a 
States Geological Survey,” was” K. Barrows, M. &. 


Gerber 
D. Rights, 


Assoc. M. Am. Soe. 


8. 
| AME 
7 
a : 
| 
DGE 
NT 
I p (Additions, Changes of Address, Deaths)..............ccccccsescseceseces 413 
Recent Bagineering Articles Gf S00 
M. d 
Percival 
Talbot, 
Onward | 
ean, H. K. 
= 


presented by Mr. Q lanter n slides. The 
paper was discussed. by Messrs. B. C - Collier and Henry H. Quimby. 


Secretary announced that had received the following tele- 
q gram fi from Robert t E. M. Am. Soe. C. E.: 


North Pole.” 


ele.” 


‘Glad ‘inform yo you Member Society has North | 


October 6th , 1909.’ The ing was called. order at 8. 30 P P. 


President Onward Bates in the chair; Chas. Warren Hunt, Secretary; 


and present, also, 130 members and 25 guests. 


The minutes « of the meeting of September 1st, 1909, were approved 
printed in Proceedings for September > 1909. 
paper by P. E. Green, Assoc. M. Am. Soe. 0. E, entitled 
Review of Chicago Paving Practice,’ was presented by title. The 
Secretary read a communication on the subject by W.. W. Crosby, 
Am. Soc. C. E., and the p paper was discussed by ‘Messrs ‘Richard 


Lamb, N. P. Lewis, and E. H. Thomes. _ Peer 
paper by James H. Fuertes, M. Am. Soe. entitled “The 
Purification of the Water of Steclton, Pa., was by the 
author and illustrated with lantern slides. ‘The paper | ‘was discussed 
by Mr. James FE. Little, and the Secretary rea read communications on the 
by Messrs. Hinckley and_ William R. Copeland. 
Richard ‘Lamb, M. Am. Soe. 2 moved | that the Board of 
Direction be requested to consider the appointment of a Special | Com- 
mittee ‘investigate and report on the best complete specifications 
for wood block paving, 
The motion was duly seconded, but did not receive 


affirmative vote of twenty-five Corporate Members and was declared 
,. The Seeretary announced the election of the following candidates: 


by the Board of Direction on October 5th, 1909: 


@ 


As 

JOHN B. ADENH Wash. 
1 Roy Hamiton Be: ATTIE, Fall River, Mass. 


Bernarp ARTHUR Pittsburg, Pa 

Harry Burcsss, New Orleans, La 

‘GEORGE Loman | CAMPEN, N, , Ancon, Canal Zone, Panama. 
Knicut Conarp, New Y ork City, 

HEN ry Wettes Durnam, Sandwich, Mass. 

JOHN Wirmer Emic, Denver, Colon 
Goprrey, Pittsburg, Pa. 

Joun WESLEY Hackney, Atlantic City, N. J. 


e: HoMBERGER, ‘San Francisco, Cal. 
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he STEPHEN Upsuur Portland, Ore. 
La, Lahore, Punjab, ‘India. 

le- Heiser Lawrence, St. t. Louis, 


Gun LAN, San 1 José, 
-FREDERIC. E Pierce, New York C City. 

‘FREDERICK Pita MAN, Spokane, ‘Wash. 


ye 
Lupwia SonDEREGGER, Los Angeles, Cal. 
ved ‘Leonarp Leg Street, Dorchester, Mass. 
q Raymonp F. Watter, Belle Fourche, 8. Dak. 
CarLos WauTERS, Buenos Aires, Argentine Republic. 
I 
The Lawson” W ooLpRiDGE, Pittsburg, Pa 
»M. 7 AARON Sr ANTON ZINN, Empire, Canal Zone, Panama. 
hard» 
As” ASSOCIATE Mespens, 
‘The Letanp Bacu, Family, Mont. 
y the CarroLt Beate, Washington, D. 
assed Harry ORLANDO. Brae, Family, 
n the GuRDON Brack, St. Louis, Mo. 
d 
ations JESSE Irvine Brewer, New York City. 
Burtis Scorr. Browy, Boston, Mass. 
assary ALFRED ‘Diexey 3UTLER, Spokane, Wash. 


clared SaMUEL De XTER CL INTON, Idaho. 


Arc [IBALD JO w Russet Frew, A Almaden, Queensland, Australia. 
Goopman, New York City. 
Epear Minter Granam, Yonkers, N. 

Water STANLEY Hapeman, Philadelphia, Pa. 
Apert Hanse.u, Fort Meade, S. Dak. 
Harry Haut Visalia, Cal. 
ALFRED STOWE Mmicx, Albany, N. 
Lester Mircuei L, Glendive, Mont. 


Ernest Montcomery, Palisades, Colo. 
Turopore Parker Atlanta, Ga. 


CHartes Epwarp Morrison, New City. 
_Epwarp Farnum Rockwoop, Boston, 


| 


7 


er 


fee 
7 
‘a 
| | 
‘idates fj Louis Henry Ecan, Rochester, Mich. _ 
7 
q 
q 
q 4 
14 
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Sampson, Conejos, Colo. 
Joun JENKs SHON Bethlehem, Pa. 
Cuarves SpearMaN, Boise, Idaho. 
Raymonp Wiceins, Gatun, Canal Zone, Panama. 
SAMUEL LAMSON Wonson, ‘City of Mexico, Mexico. 


As Juniors. 


CLAUDE Oscoop Brown, Manila, Philippine Islands. 
Amasa Manton Cuace, Newport, R. 
Frank Epwarp Denniz, Campello, Mass. 
Liuoyp Emory, McIntyre, Ga. 
Hupson Brwce Hasrtines, Brunswick, Me. 
STRIDER Hess, Dawson, Y. ‘'T., Canada. 
Arruur Power Steubenv ille, | Ohio. 
CLARENCE Decatur Howe, W: altham, Mass. 
Wittum Howso SON, R., Berkeley, Cal, 


2IDGELY Lity, Vicksburs, Miss. 
ARTHUR Keppie MACFARLANE, Benicia, Cal. 
ALEXANDER Miscuke, Warsaw, Russia. 
_ CHRISTOPHER George Morrison, Albay, Philippine Islands. 
Howarp Ossorn, Rochester, N. Y. 
WuitNey R OBERTS, New York City. 
Haroip ANTHONY SWEETLAND, Providence, 
Rocer Wowcorr Tout , Denve er, Colo. 
Cuartes Henry Warp, 2p, Middletown, R. I. 
Epwarp AsHton W ARD, Newark 
Weston, Middleboro, ‘Maes. 


by of Direction on October 5th, 1 1909: 


AssocratTE Member 10 Mempe 
JOHN TURNEY Fe THERSTON, New Brighton, N 


Wr 1am CUSHING San F rancisco, , Cal. 
Brown Linpsry, JR., Gautier, Miss. 
Tuomas Hersert Means, Fallon, Nev. 

Percy HartsHorNe Witson, Philadelphia, Pa. 


CLARENCE Grorce WRENTMORE, Manila, Philippine 
From Junior To Associa ATE Memerr. 
Max Joun Barre _ San Francisco, Cal. 


Grorce Copiey, Galveston, Tex. 


CLINTON ALONZO Cu RTIS, Fort Edward, N.Y. 
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MINUTES OF MEETINGS © 
CHARLES: ALGERNON Twin Falls, Idaho. 
Tuomas F ‘LeMING, Harrisburg, Pa. 
Hamu, , St. Paul, Minn, 
HENRY ALEXANDER Brooklyn, N. Y. 
BirtraM WILLARD Ransom, Youngstown, Ohio. 
ARTHUR Sisson, , Vallejo, Cal. 
CHARLES SpLitsToNE, East Orange, N. 


PercivaL WILSON, ‘Worcester, Mass. 


Secretary announced the following deaths: 
Henry Water BrincKeRHorr, elected Member, November Tth, 


1888; ; died September 7th, 1909, 
- James Henry Cov ODE, elected Member, , April 2d, 1890; died ee 
tie 9th, 1909. 

CHARLES Morton, elected } Member, | October od, 1895; died August 
OSEPH NELSON Tu UBBS, Member, 1884; 

Associate Member, died ‘September 15 15th, 


/Adjour ned. 
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THE ‘OF DIRECTION 
(Abstract) 


October stt sth, 1909. Preside mnt Bates” in the chair; 
Hunt, Secretary ; and present, also, Messrs. - Andrews, Brackett, Endi- 
cott, Gardner, Harrison, Hodgdon, Horton, Noble, “Pegram, Schneider, 
Stearns, Stuart, ‘Sw Tillson, WwW ilkins. 
my: ‘The following Resolution was adopted by letter- ballot of the whole 


Board of Direction: 
that briefs” “ ‘the meetings of the. 


to contain all business, except that which relates to routine, be for- 
warded to members of the Board of Direction for their information. : 
following Resolution was adopted by -letter-ballot of of the whole 


Board of Direction: 


Whereas, the attendance of Non-resident Members of the Board : at 
1 by statistics for the past 7 years, has not been 
as lar, ge as it should awe been, especially from Districts Nos. 5, 6, and 
cs and whereas it is e xtremely desirable that such attendance be 
increased if possible, 


Resolved, that, beginning w with the: 1909, Bosra Meeting, 
and for a period of one year, the transportation of each Non- resident — 
Member of the soard at_the rate of three cents per mile 


— 


it 


Resolved, ‘that. i tl 
tions it is the duty of each Non- Bo 


present at at least three (3) of its Meetings during each year. 

Ballots for Membe ship were canvassed, resulting in the election of 


Members, 33, Associ ate Members, and 22 Juniors, the transfer of 


6 Associate Members to the grade of Member, and 11 Juniors to tho 

grade of Associate ‘Member. 


Applications ‘were considered, and other 
‘ transacted. 


“busi 


USINess 


“Adjourned. 
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Affairs.]_ 


"ANNOUNCEMENTS 


~The House of the Society is open from 9. 


every day, except Sundays, Fourth of July, Thanksgiving Day, and 


MEETINGS 


3d, 1909.- —8.30 —At this meeting two 


be presented for discussion as” follows: _ “The Reinforced Conerete 
Wharf of the United Fruit Company at Heese Toro, Panama, by 
—'. Howard Barnes, M. Am. Soe. C. E, and “River Protection Work — 
q on the Kansas City ‘Southern Railway Near Braden, Okla., > by J. a. 
Lahmer, M. Am. Soe. 
_ Mr. Barnes’ paper was | printed in Proceedings for September, 1909, 


and Mr. Lahmer’s paper is printed in this number of Proceedings. 


ie j November 17th, 1909. —8.30P. M.— At this meeting two papers will a 


som be presented for discussion as follows s: “The Outlet Control of Little 
and Bear Vv alley Reservoir,” by F. E. Trask, M. Am. Soe. C. E., and © 
te “W. ater Supply for the Lock Canal at Panama,” by 7 F. Sorzano, — 
M Am. Soc. C. E. 

ing, Mr Trask’s S paper was printed i in Hessian for September, 1909, 


lent and Mr. Sorzano’s paper is printed i in this number of f Proceedings. = 


cept _ December ist, 1909.—8.30 P. M.—At this meeting a paper by James aa 
and Ir. Brace 1 and Francis Mason, , Members, Am. Soc. C. -E., entitled “The 
oo New York Tu nel Extension of the Pennsylvania Railroad: The 
yndi- Crose- -Town Tunnels,’ will be presented for discussion.’ 

This paper is in this of of Proceedings. 


15th, 1909.—8.30 P. M.—A pal paper by James H. Brace, 
Francis: Mason, a1 and 8. H. W oodard, Members, Am. Soe. C. E., on “The 
York T unnel Extension of the The East 
River Tunnels,” will _be presented for discussion.* 

- This paper is ‘printed in this number of Procesdings. 


; cs * These papers are a continuation of the papers by Gen. C.W. Raymond, M. Am. Soc. 7 
C.E.,and Alfred Noble, Past-President, Am. Soc. C. E., published in the September number » 
of Pi “oceedings. At the meeting of December 15th there will also be presented a paper by 
Henry Japp, M. Am. Soc. C. E., describing the Contractor’s Plant on the East River 
Tunnels. This paper will be nae in the Nov ember number of Proceedings. | 
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ANNOUNCEMEN' TS 


LIST OF N YOMINEES FOR THE OFFICES TO BE FILLED ATT 


ANNUAL ELECTION, , JANUARY 19th, 1910.00 


The following lis list of nominees for the offices to be ‘filled at the 
- Annual Meeting, January 19th , 1910, - received from the Nominating 
Co ommittee, was presented to the Board of Direction at its meeting 
on on August} 31st, 1909. The list has already been mailed to all Corporate 


or President, to serve one year: 


JouNn A. BeNst1, New York | City. 


For Vi Vice-, Presiden its, to serve two 2 years 


Huwrer McDonato, Nashville, Tenn. 
T. Fanning, Minneapolis, Minn. 


For ‘Treasurer, to serve one year: 


Jos )SEPH t M. Kyap, New Y ork City. 


to serve three 4 years: 


No 0. 


ACE, Loomis, New York City. . 
Georce A A Boston, Mass. ‘District No. 
RcIVAL Roperts, JR., Philadelphia, P No. 4 


CHARLES Lowetnu, Chicago, Ill.....................- District No. 5 
‘Vira, G. Boaur, San F rancisco , Cal District No.7 


MEETINGS TH E SAN FRANCISCO ASSOCIA’ TION OF 


MEMBERS, ‘AM. SOC soc. C. 


The San Fra rancisco Association of Members the American 
ociety of Civil Engineers holds regular bi- ‘monthly meetings wit 
bang wal and weekly informal luncheons. The former are held at 
6 P. M., at the Fairmont Hotel, on the third Friday of F ebruary, April, 
Fae, hacia. October, and Nov ember, and also on the third Wednes- 
day of December, _ the latter being” the Annual } Meeting of the Asso- 


Informal luncheons are are held at 12. 15 PM. e every Wednesday, and 


‘the place of meeting may be ascertained by communicating with the 
Secretary of the Association, Thurston, Assoc. M. Am. Soe. 
623 Wi ells Fargo Buildin. 


The by-] -laws of the . Association provide for) the extension of hospi- 


“tality to any ‘members of the Society who» may be ‘temporarily in. San 
Francisco, and any such member will be gladly welcomed as a guest | 


of the Association at any of the above meetings, if he will notify | the 
Secretary that he is in San Francisco. | 
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[ENT: 


PAPERS AND. DISCUSSIONS 
‘The first three of Transactions for 1909 (Volumes LXII, 


_-LXII, and LXIV) have been issued. . The fourth volume will be - 


It is hoped that members and ot others 
cussion the p papers 
the m will be sent in at the possible date after. ‘the issue 
al a wae in Proceedings. — The > issue 0 of volumes of f Transactions is 
de pendent ¢ on the closing of. discussions, and the co- operation of the | 
. membership will now be more necessary in this matter than heretofore, ~ 
because four volumes” are issued during the year, instead two, 
beret to accomplish this, a definite date of issue for each has to be 


papers accepted by the Publication Committee are classified 


by the e Committee with saliliaieaa availability for discussion a at 


~ Papers, which, from their general nature, appear to be of a charac- 


ter ‘suitable for discussion, will be published as heretofore in 
Proceedings, ‘and set down for presentation to a future meeting of the 
‘Society, and, on these, oral discussion, as well as written communica- 
tions, will be solicited. 
_ All papers which do not come under this heading, that is to say, 
which, from” their mathematical or technical ‘nature, in the 
_ opinion . of the Committee, are not adapted to oral discussion, will not. 
scheduled for presentation to any meeting. Such papers will be 
published in Proceedings in the : same manner as those which are to 
be presented at meetings, but written discussions, only, will be re- 


> 


quested for subsequent publication in P roceedings apes with the paper 
in the volumes of Transactions. _ 


PRIVILEGES OF SOCIETIES 
\pril EXTENDED TO MEMBERS OF >THE 
odnes- AMERICAN SOCIETY OF CIVIL ENGINEERS 
Members of the Am Americ n Soc iety of Civil Engineers. will Ww wel- 


comed by the | following Eng gineering seminaad both to the use of their 
reading Rooms at and at al Meetings: 


American Institute of Mining Vest Thirty- -ninth 


Street, New York City. mins 


cf Associacao | dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 


in San . Australasian Institute of Mining Engineers, Melbourne, Victoria, 


Tremont Temple, Boston, 


uf 
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Brooklyn Engineers’ | Club, 197 Montague Street, N. 
Canadian Society. of Civil Engineers, 413 Dorchester Street, W est, 


Civil Engineers’ Society of St. Pi Paul, ‘St. Paul, Minn. 


‘Cleveland Engineering» Society, 718 Caxton Building, 


Cleveland Institute of Engineers, ‘Middlesbrough, , England. 4 
rt, 
Colorado Association of Members, Am. Soc. Cc. ‘-~E., H. J. Burt 


Secy. » 235 Equitable Building, Denver Colo, 


Engineers’ and Agchitects’ Club of Louisville, Ky. 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. a 
Engineers’ Club of Baltimore, Baltimore, Md. 
Engineers’ Club of Central Pennsylvania, Corner "Second and 
Walnut Streets, Harrisburg, Pa. = 
Engineers’ Club of ‘sixth Street, ‘eet, Minneapolis, 
 Saeneee Club of Philadelphia, 1 317 Spruce Street » Philadelphia, Pa. 
Club of St. Louis, 3817 Olive St. Louis, Mo. 


oronto, Ont., 


Engineers’ Society of Western Pennsylvania, 803 Fulton Buildir ng, 


Institute of Marine Engineers, 58 Romford Road, d, Stratford, Lon- 


Institution of Engineers of the River Plate, B Buenos — Aires, Ar 


gentine Republic. 
"Institution ‘Naval Arc Architects, 5 Adelphi Terrace, JLondon, 
al Architects, 


England. 


Junior Institution of Engineers, 39 Street, Westminster, 


Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. — 


Louisiana En; inee 
ering Society, 604 -Tulane-Newcomb Building, 
‘New Orleans, La 


‘Memphis Engineering Society, “Memphis, 
Midland Institute of Mining, ‘Civil and Mechanical Engineers, 
Sheffield, England. 


Montana Society of Engineers, Butte, Montana. ; 
North of. ‘England Institute of Mining and Mechanical Engineers, 


Newceastle- -upon- Tyne, England. 
Oesterreichischer Ingenieur- und Architekten-Verein, -Eschen- 


Pacific Northwest Society of Engineers, 617- -_ Pioneer Building, 
Jash. 
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‘Sachsischer Ingenieur- und ‘Dresden, 


‘Sociedad Colombiana de Bogota, Colombia. 


Vit Street, Westminster, 


Svens ka Teknologforeningen, Brunkebergstorg 
Sweden, 
Tekniske Forening, Vestre B oulevard 18-1, C ‘openhagen, Denmark. 
Western of 1737 Monadnock Block, Chicago, Ti. 


in the Library, upon request, and to charge therefor the actual cost to 
the Society f for the extra work required. — Since that time many searches 
have’ been ‘made, and bibliographies a and other information on ‘special 


subjects furnished, 


The seousting satisfaction, to the members, who have made use of 


‘the resources o "the Society in this manner, has been expressed fre- 
quently, and we es little doubt that, if it were generally known to the 
membership that such work would be undert taken, many would avail 


themselves of 
The cost is trifling compared with { the value of the time of an 


engineer who looks up such ‘matters himself, and the work can be 
pee ‘formed quite as well, and much more quickly, by persons familiar 
In asking that: such work be undertaken, members should specify 
dade the subject to be covered, and whether references to general 
books only are desired, or whether a complete bibliography, involving 
search through periodical literature, is desired. 
a reference to this work, the Appendix* to > the Annual Report of 
1e Board of Direction for the year ending December Bist, 1906, con- 


ped a summary of all sneepiinis made to that date. 


Proceedings, Vol. XXXII, p. 20 (January, 1907), 
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ACCE S SSIONS: TO T HE LIBRARY 


ACCESSIONS TO THE LIBRARY 

(From September 8th to October 1ith, 1909) 

DONATIONS* 

| 

THE ELEMENTS OF ‘MECHANICS: OF MATERIALS. 

Text Book for ‘Students in Courses. By C. _E ‘OF 

Houghton. | Cloth, 83 x 6 in., illus., 7 + 186 pp. New — D. Van 

Nostrand Company, 19 1909. $2. 00. B 

0: stated it in has designed to be an elementary me) 


textbook for students in the engineering courses in colleges and universities, and 
not a treatise on the mechanics of materials. Extreme mathematical treatment of 
the subject is said to have been avoided, the higher mathematics being used only 


chapter, covering the more important parts of the subjects discussed and the . a 


for clearness of demonstration. Review questions are given at the end of each —_ 
problems illustrating such subjects, the solution of one problem of each type being de 
given in order to show the application of the general formulas. Tables giving values mae 
of engineering constants of materials and formulas are contained in the appendix. th 
It is stated that the notation has been made uniform with that of Professor Merri- ne 
man ’s works, in order that his treatise on the subject may be used as a reference AC 
book. The Contents are: Applied Mechanics; Applications; Beams; Torsion; The Pl; 
Elastic Curve; Long Columns; Combined Stresses; Compound Bars and Beams; 
HI 
q ‘AMERICAN STREET RAILWAY INVESTMENTS, 1909. 
Published | by the of the Blectic Rete | x 
Journal for the Use of Bankers, Brokers, _ Capitalists, Investors, and | ( 
Street and Interurban Railway Companies. Sixteenth Annual Volume. | 
Cloth 13 x 10 in., illus., 40 oe 498 ‘pp _N ew York, McGraw Publishing | aa 
Company, 1909. “$5. 00. | co 
his publication contains the names of the street railway companies in the «thi 
United States, Canada, West Indies, Hawaii, and the Philippine Islands, arranged > int 
alphabetically under State and city. A short history of each road is given, together J giy 
with the amount of its capital stock, funded debt, and plant. The names and of 
addresses of the officers of each company and also the addresses of the general ¥ 
offices, power stations, and repair shops, are given. At the end of each report is the - 


date on which such information was obtained. Maps of the various railway systems | ae 

* and of cities showing the railway lines are included, as are lists of the names and ioe 
addresses of the officers and members of the National and State railroad commis- ” 


4 sions, together with those of the officers of various street and interurban railway 
associations, 


‘The Metallurgy of Copper, Tin, Aluminium, 
Nickel. By A. ‘Humboldt Sexton and John S. G. Primrose. 

Cloth, 9 x 6 in., illus., 8+ 483 -+- 9 pp. Manchester, England, The 
"Scientific Publishing Company. _ 7 shillings 6 pence net. 


te ‘It is stated in the preface that in preparing this textbook, in which accuracy, 
sui 


table selection of material, and conciseness are essential, the authors have drawn 
on all authorities within their reach, as well as on their own experience. The book, 
as stated, is intended only for students who, if they wish to carry ‘their studies” 
further or are engaged in practical metallurgical work, must refer to the larger books | 
mentioned in the bibliography in Appendix IV. The Contents are: Properties of | 
Copper ; Copper Minerals; The Principles of Copper Smelting; The Welsh Copper © 
Process, etc.; Ore Dressing ; Modern Methods of Copper Smelting; Matte Smelting > 
in Blast Furnaces; Running for Coarse Copper in Reverberatory Furnaces; Copper 
Refining ; Wet or Leaching Processes ; Electro-Deposition of Copper; Properties of 
Pins Working Alluvial Deposits; Tin Smeiting; Refining Tin; Properties of Zinc; 
‘Dressing Zinc Ores; The English, Belgian, Silesian, and Rhenish Processes ; ; Effect 
of Impurities; Properties of Lead; Preparation of Lead Ores; Smelting in Hearths} 


- *Unless otherwise ane all books in this list have been donated by the publisher. 
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ACCESSIONS TO THE LIBRARY 


Lead Ores ; Blast Furnace Smelting; Blast Furnaces for Lead 


Products of Lead Smelting Fume Recovery; Wet and Electrolytic Processes; Soft- 
ening and Refining Lead; Concentration of Silver in Lead; Cupellation; Electro- 


tion of Aluminium; Properties of Nickel; Dry Methods for the Extraction of Nickel, 
— ete. ; Appendix I, Physical Constants of Metals; Appendix II, Thermo Chemical 
Data; _ Appendix III, Factors in Calculating Blast Furnace Charges ; Appendix Iv, 


lytic Refining of Lead; Antimony; Properties of Aluminium; Process for the benta 


DE SCHEIDING VAN. MAAS EN WAAL. 


Onder Verlegging de ‘Uitmonding der Maas’ Naar den Amer. 
‘ Bewerkt door den Ingenieur van den Waterstaat, M. C. E. Bongeerts. 4 
| = x 94 in., illus., 11 356 pp. Haarlem, Uitgegeven door het - 


S, 
ent of | 


Ministerie v ran W aterstaat, 1909. (P resented Tutein 


only Nolthenius, M. Am. Soe. C. 
nd the | - This ‘book, which is published by order of the Dutch Government, contains a 
» being ~ description of the separation of the Rivers Maas and Waal, in The Netherlands, at a 
values — cost of about $10 000000. The principal part of this engineering work consisted of 
pendix. the formation of a new river. The Contents are: Geschiedkundige Inleiding; Plan- 
Merri- nen tot Verlegging van den Maasmond; Beschrijving van de Uitgevoerde Werken; 
ference Pinten Regelingen ; Recapitulatie van de Kosten; Personeel ; 

HENDRICKS’ COMMERCIAL REGISTER OF THE UNITED STATES. 


Buyers Sellers. . Eighteenth “Annual Edition. Cloth, 
103 x 73 in., illus., 87 + 1220 pp. . New York, Samuel E. ‘Hendricks 


It fs is ion that this publication is a complete index, containing names and 
addresses and business classifications, of the architectural, mechanical, engineering, — 
contracting, electrical, railroad, iron, steel, hardware, mining, mill, quarrying, ex-— 
porting, and kindred industries. Full lists of manufacturers of and dealers in every- 


i the thing used in the manufacture of material, machinery, and apparatus for these vast 
veenged industries are also given. The contents are classified by subject, under which are 
together — given, in alphabetical order, and, in some cases, by States, the names and addresses 
mes and § of firms dealing in in that particular article. ‘There’ is an index of eighty-seven pages. 

systems A TREATISE ON MASONRY CONSTRUCTION. 

By Tra Osborn Baker, M. Soe. E. Tenth Edition, 


Written and Enlarged. Cloth, 9 x 6 in., illus, 15 + 745 pp. New 
York, John Wiley & Sons; London, Chapman & Hall, Limited, 


1909. $5.00. 


ainium, - Two igiiies editions of this book have been published, one in 1889 and the 
‘imrose. — other in 1899. It is stated that the extensive use of plain concrete and the intro- 
‘% 1 ’ duction of reinforced concrete have made this, the third edition, necessary; there- 
id, The © fore the book has been entirely re-written in order to bring the subject- matter up 7 
} to date. Numerous changes and additions have been made in the text, but most of ‘ 

- q the new matter will be found in the chapter on Plain Concrete, in the three new | 7 
accuracy, chapters on Reinforced Concrete, Concrete Building-Blocks, and Elastic Arch, and 
ve drawn | in connection with the new structures described. The number of the latter has. been _ 

The book, | increased in this edition, and it is believed that they represent the latest practice. 

r studies ‘In the preface to the first edition, the author states that the object of this work has 7 
eer ove been to develop principles and methods of construction and to give such examples as 
perties of will illustrate them, his constant aim having been to present the subject clearly and 7 


h Copper concisely. The Contents are: I, The Materials: Natural Stone; Building Brick; 


‘Smelting Common and Hydraulic Lime; Hydraulic Cement; Sand, Gravel, and Broken Stone. 
3; Copper Il, Preparing and Using the Materials : Lime and. Cement Mortar; Plain Ooncrete; a 
perties of - Reinforced Concrete; Concrete Building- Blocks and Artificial Stone ; Stone Cutting : 
of Zinc; | 4 Stone Masonry ; " Brick Masonry. III, Foundations: Introductory; Ordinary Founda- 
; Effect Pile Foundations ; Foundations Under Water. Masonry “Structures: 
M asonry Dams; Retaining Wall ; Bridge Abutments Bridge Piers: ; Culverts; 


Voussoir Arch; Elastic Arch. Specifications : For Cement; For. Concrete “For 


Hearths; 
publisher. 
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Or, Elements of in He: 


The title of is in the correspond to a course 
instruction conducted by the author in the College of Civil Engineering of Cornell | 
University, in which the students receive their first instruction in the application of 
the principles of mechanics to structures. “e. Chapter I is said to ‘contain © the | 
digested results of extensive experimental investigation and research, and numerous 
references to engineering periodicals and transactions are made a prominent feature 
throughout the volume. An attempt has been made, the preface states, to present the 
subjects of joints and fastenings in a systematic manner, and to include practical — 
information on timber construction. The Contents are: Fastenings Used in Fram- . 
ing; Joints Used in Framing; Wocden Beams and Columns; Wooden Roof Trusses ; S808 
Examples of Framing in Practice; Timber Tests and Unit-Stresses; Index. 


ave also been received from the following: 


Ala.-State Historian. 2 vol., 3 pam. Kel. Tech. Hochschule zu Danzig. = 


Am. Ceramic Soc. 1 vol. ee pam. 
Am. Ry. Eng. and ‘M. of W. Assoc. 2 vol. Lake Mohonk Conference on Inter. Arbi- 
Assoc. of Portland Cement Mfrs. 4 pam. tration. 1 pam. _ 
Assoc. of Ry. Telegraph Supts. 1 pam. Lehigh Valley Coal Co. 1 jam. 
Atchison, Topeka & Santa Fe Ry. Co. 1 Lehigh Valley R. R. Co. 2 pam. 
eam ae McGraw Pub. Co. 2 bound vol. 
Australia- Dept. of Mines. 1 vol. _ Maine Central R. R. Co. 1 pam. 
Baker, Ira O. 4 pam. catia > Manchester Ship Canal Co. 1 pam. © 
‘Baldwin- -Wiseman, W. pam. Manchester Steam Users’ Assoc. 1 pam. 
Birmingham, England - City” Ener. and Minneapolis, St. Paul & Sault Ste. Marie 
Surv. 2 pam. Ry. Co. pam. | vy 
Boston & Maine R. R. Co. 1 pam “Municipal E ners. of the ‘City of New 
Cape of Good Hope-Govt. Stationery Of- | York. 1 bound vol. os © 
fice. 1 pam | Nashville, Chattanooga & St. Ry. 
Chicago, -City Statistician. 1 bound Ce pam. 
Chicago, Ill.-Commr. of Track al Assoc. of Cotton. Mites. bound 
Chicago, Indianapolis & Louisville Ry. New Gos 


vol. 


Chicago, New Jersey- Board of bound 
pam. 


Dunlap, F. ¢. 4 pam. 

E 


Chicago, St. Paul, Minneapolis & Omaha New Jersey-State Geologist. bound vol. 
Ry. Co. 1 pam. » New South Wales, Australia-Dept. of 
Cleveland, -Supt. of Water- “Works. 2 
‘South Wales, Australia-Govt. Rys. 

and Tramways. 1 pam 

ngrs.’ Club of ‘Cincinnati. . bound New York City-Board of City Record. 1 
Exploration Co., Ltd. 2 pam. New York State-Advisory Board of Cons. 

Fisk & Robinson. 2 pam. = Engrs. 1 bound vole 
etna a N. B.-City Engr. 2 pam. New York State-Public Service Comm., 
Georgia- R. R. Comm. 1 bound vol, Birst Dist. 
pam, "New York, New Haven & Hartford R. 
& South- Western Ry. Co. i o. 1 pam. 
New Zealand- of tees. bound 


= North of Scotland Ry. Co 0 1p pam. vol. re 


Halbertsma, H. P. N. 1 pam. North British Ry. Co. pam. 
Highland Ry. Co. Emil bound vol. 


Illinois- ‘State Water Survey. ‘1 bound vol. pam. 
4% 
Institution of Min. and Metallurgy. ¥y: Pharr, Harry N. 1 pam. | = 
Providence, R. I.- -Dept. of Public Works. 
Institution of Naval Archts. 1 bound Lpam 


— 

. vy Framing. By Henry 8. Jacoby, 

in., illus., 9 + 368 pp. New York, _ 

John Wiley & Sons; London, Chapman & Hall, Limited, 1909. $2.25 

— 

5 

q 

— 

| 

4 

1 

O 

4 

— 


ACORSSIONS THEE LIMRARY 


‘Roadmasters’ M. of W. Assoc. of U. s. -Office of. Exper. Stations. 4 vol. 
-Ruttan, H. N. 1 pam. U.S. ‘Office of the Library and Naval War 
Francisco Assoc. of Records. 1 pam. | 


Am. 


§oc. C. 2 pam. Victoria, Australia - State Rivers and 
Snyder, Baird, Jr. 6 pam. Water Supply Comm. 
Société de l’Industrie Mineral. 1 ‘pam. Virginia State Corporation Comm. 1 
Stuart, Francis Lee. 17 pam. bound vol 
“Toledo & Ohio Central Ry. Co. 1 pam. Wabash R. R. Co. 1 pam. » 


Toledo, Peoria & Ohio Central Ry. Co. 1 Warren, F.E. 3 pam. 
Western Australia-Agt. Gen. pam. 


Africa-Mines 3 Western New York Car Demurrage Assoc. 
‘Turner, ©. A. Pp. 1 pam. 

Nolthenius, R. P. J. 2 pam, ‘Western Ry. Club. 1 bound vol. 


Winslow, C.-E. A. 1 pam. 
“Cnt ot of the “3 pam. vol. Wis.-Geol. and Natural History Surv. 


U. S.-Geol. Survey. 11 pam. Iaps, 1 pam. 
Yale Univ. 1 pam. 
Yonkers, N. Y.-Bureau of Water. 1 . 


U. S.-Lake Survey Office. 1 pam. | 
pam. 
BY PURCHASE 


Uv. Ss. -National Museum. 1 bound vol. 
- Blue Book of American’ Shipping: Marine Naval Directory of the 
‘United States, 1909, Statistics of Shipping and Ship Building in America. 


Penton Publishing Co., Cleveland, Ohio, 1909. oe 
‘The Lead and Zinc Pigments. By Clifford Dyer Holley. John Wiley 


& Sons, New York ; Chapman & Hail, Ltd., London, 1909. : 


Gear-cutting Machinery, Comprising a Complete Review of Contem- 


porary American and European Practice, Together with a Logical Classi- — 
fication and Explanation of the Principles Involved. Ralph E. 
Flanders. John Wiley & Sons, New York; Chapman & Hall, Ltd. ~ 


London, 1909. 
7 _ The Gas, Petrol and Oil Engine. Vol. 1, Thermo-dynamics of ‘the 

Gas, Petrol and Oil Engine Together with Historical § Sketch. By —— 


Cle - New and Revised Edition - John W iley & Sons, New York 


Co., New York ; 1909. 


Die Forderung von Massengutern. By Georg von Hauffstengel. 7 

Band I, Bau und Berechnung der Stetig Arbeitenden. Forderer; Band 
Il, Férderer fiir Einzellasten. -vol. Julius Springer, Berlin, 1908-09. 


Longmans, 


_ Robert Fulton and the Clermont. By Alic e Crary Sutcliffe. Cen- 
tury Co. » New York,1909. 


—— and Mining: A Treatise on ~ Practical American Methods. 


By William H. Storms. -McGraw- -Hill Co., New ork, 1909. 


Ore Dressing. By Robert H. Richards. | Vols. eet and IV. McGraw- 


Hill Book Co., New ‘York, 1909 


sinsesiindieaiiiins of British and Foreign ‘Shipping y from Ist of July, 


1909, to 30th of June, 1910. ‘Vol. 1, Steamers, Sailing Vessels and 


wners ; Vol. 2, 2, Appendis. Committee of L Lloyd’s s Register and Foreign 


‘Shipping, 


— 
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Works. 


‘The Safety of British Railways: or, Railway Accidents, How aoe 
and How Prevented. | By y H. Raynar Wil in S. King & Son, Lon- 
The Adventures of a Civil Engineer, F ifty Y ears on Fi ive nt 


ee. Burge. | Alston Rivers, Ltd., L ondon, 1909, 


Strength of Materials. By Arthur Green & 


London, New York, and Calcutta, 1908. 

History of New York Shipyards. John H. Morrison. 
Sametz & Co., New Y ork, 1909. Oo 


Remaking the Mississippi By John Lathrop athews. Houghton, 
Mifflin Co., Boston; The Riverside Press, ¢ ‘ambridge, 1909. 


The Manufacture of Explosives, a The oretical sii Pr le al Tre: atise 


on the History, the Physical and Chemical P roperties and the M: anu 
facture of Explosives. By Osca ar Guttmann. 2 2 vol. Whittaker er & 0., 


London, (1895. 


a Report of the Municipal Art Commission for the City of Los An- 
Punt California, Made to the Mayor, the City C ouncil, the Board of. 


Public W orks. By F. W. Blane hard, President, John W. - Mitchell, 7 
Secretary, John Parkinson, Mrs. J. W ashburn, Mrs. Sumner P. 
‘Hunt, Municipal W illiam J. orter, Angeles, 


Report « of Mulford the Civic Affairs 
of ‘Santa Barbara, California, also the Report of the Committee of | 
Eleven on the Improv ement of the City Streets. Printed for the Civic 


by The 1909. 


‘Sewage Disposal Works, a Guide to the Ce onstructi of Work for 

the Prevention of the Pollution by Sewage of Rivers and E stuaries. By 

Santo Crimp. Charles Griffin Co., London, 1890. 


The Directory of Railway Officials, 1909. —" from 
- Official Sources under the Direction of S. Richardson Blundstone. T he. 
‘Directory Publishing Co., Limited, London; A. enton W alke ry 


Street, New Y ork C 


MARY OF F ACCESSI 

rom September Sth to to October 
ee (including 2 7 duplicates) . 


— 
— 
— 
— 
| 
— 
— = 
q 
J 
ie 
— 
— 
— 
— 
4 


(September 8th to October Lith, 1909. 


ME M BERS 


ARMSTRONG, CouL SON. ‘Terminal Engr., anew. 
‘Ry. Co., 215 Jackson Blvd., Room 804, Chinn, 


‘Bearrie, R oy HAMILTON. 57 North Main St., Fall River, 


Br RNARD ARTHUR, 


mu Bradbury & Shute), New M. 1909 

Hayden Bldg., Columbus, Ohio......... 

CoROALLES, MANUEL ALBERTO. Cuba St., Havana, a, Cuba. Aug. 31, , 1909 

DEAN, BERTRAM Dopp. Chf. ‘Engr., Puget Sound Bridge 

of | q Dr edging Co., 432 Central Bldg., Seattle, Aug. 31, 1909 

nell, LETCHER, ROBERT. Prof. of Civ. Eng. and Di- Nov. 1874 

rector of Thayer School of Civ. Dart- 1, 1909 
mouth Coll., Hanover, N. H.. \ M. Aug. a 

New Yor k Edison Co., 5 55 Duane St., New | 


(Ashmea 


Hor BROOK, JOHN Engr., South W 


HACKNEY, Joun Westry. (Ashmead & ‘Medios. 


Lone, ALVIN. B. & oO. R. & Oz. R. 


Bldg. , Baltimore, Md.. t. 5, 1909 
‘PARKER, ADE BERT FRANKL In. City Engr., Ogden, Utah 31, 1905 
taBLIN, JouN Ricwarp. Chf. Engr., Met. Park Comm., 14 7 
St., Boston, M: 31, 1909 


Scorren, FRANK. Care, Great Falls Water Power & Town- 
‘site Co., Great Falls, Mont............... Aug. 31, 1909 
STRACHAN, Rosert Cu ARLES. Richmond Hill, N. Y. Aug. 1909 
Leonarp Ler. 27 Salcombe St., Dorchester, Mass. . 

\YLOR, GH MoGeure. Asst. Gen. Mgr., “National Rail- 


ways of Mexico, City of Mexico, Mexico............. July 


VAIL, _CHARLES Davis. ( Vail, Walbron— 1900 
Read), 247 Equitable Bldg., Denver, Colo. 

-Epwarp FRANKL Asst. Chf. Engr., Colo. & 
South. Ry., 805 Cooper Blk., Denver, Colo....... 1909 
Wark KER, FRANK HIRAM. 428 Liberty | St. Franklin, Pa... Aug. 31, 1909 


sed . Bas MEMBERSHIP. > 
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_ Membership. 


Reclamation ) Assoe.M. Dec. 1904 


M Aug. 31, 
veland, Ohio, Aug. 31, 1909 


assoc ERS 


Buen, Hanny EpMunp. Care State Highw way Comm., 

Br ATT, MAx. 860 Cauldwell Ave., N York C 1909 
‘Brown, _CoLLINGwoop Bruce, Engr. Ju Oct. 1, 1901. 
Assoc. M. 6, 1909 


U.S.  . 


PH Mr LVIN. UL Recla- 3 Jun May 1906 
‘mation Servi ice, Oswege ego, Mont. . M. Aug. 1909. 

= Crossy, HeEwI"r. 48 Lexington Ave.. Broc ckly n, N. Y 1900 


TARFIELD. —126 Shonnard St., 


Oct. 5, 1000 

un. Feb. 5, 5 1907 
M. 31, 1909 

Oct. 5, 190 
Gray, Bacon. Stone Ridge, NG ug. 3 1909 


GRONWALE, | TuomMas HaGeNn. Care, Am. Bridge i? 
Jun. 


, 1907 
Co. and W rightwood Aves., Chi- ad 
ARDT, Cwant ES 1909 


JR. Penington, Ala. Assoc. April 6, 1909 


Hurteut, Hinman Barrerr. 93 Quitman St. Newan ark, N. J. July 1, 1909 
-MarsHALL, THoMAS CLAwson. Goshen, } 
Merrick, Howarp B. 928 Church St. Mich.... July 1, 1909 

_ Morrison, CHARL ES Epwarp. Columbia Univ., New Tek em 

a t. 5, 1909 


Myers, Jou Henry. oO. Box Johnstown, Pa. 


woop Ew gk Ea 
Constr. Co., 101 St., 


wan 
ZesicER, ALBERT WILLIAM, 216 City Hall. Cle 
— 
— 
— 
Naval Station Hawaii boo 
| 
— ° 
| 
| 
— | 
— 
— 
— 
Oct. 5, 1909 


909. 
901 
909 


909 
909 
1909 


1907 
1909 
1907 
1909 


SawyYER, DonaLp Hupparp. Secy. -Treas., , Northwestern Eng. 

Corp, 66 Maynard Bldg., Seattle, Wash............ April 6, 1909 
SCHUBERT, WEs-ey. 704 Lincoln Ave., Bellev ue, Pa, Aug. 31, 
Sits, Univ. of Idaho, Moscow, Tdaho. July 1, 1909 

Soper, RALPH U. Reclamation Service, 


Affairs. 


MEMBERS RSHIP—AD ITIONS 


ASSOCIATE MEMBERS (Continued 


PRESTON. x. Care, Viele, Blackwell. & Buck, 49 


Wall St., New York City. Aug. ‘$1, 1909 


Cas, 112 W. St., 
ILSON, HARRY PERCIV AL. Care, Easter n Con- 
crete Constr. Co., 101 Tremont St., Bos- Jan 
Myron Equus. 709 Bldg., Denver, Colo. . 


JORDAN, Harry Epwarp. 


J 
T, FRANK Maynew. Glen Ridge, N. 


_ ANDREWS GEOR EORGE CROWELL. Dept. of 


INGHAM, 


 Joun ILBUR. 


1909 
1907 Grawam, Lro DANIEL. Care, U. 8. Reclamation Service, St. 
1909 HAYMAN, Epcar THOMAS. 7 Road Engr.. ., Anne Arundel 
1909 235, Annapolis, Md Aug. 31, 1909 
1909 HotLoway, ARTHUR Power. Care, La Belle Tron orks, 
Howes, Cyrus ‘Pierce. Asst. Engr., , Mo. Ry., St. Louis, 


1, 


1909 


Hu LL, BURNETT Care, de Ser 


Oct. 


04 
| = 
| 
= 
April 6, 1909 q 
‘ Nov. 5, ni q 
Oct. 5, 1909 
Aug. 31, 1909 7 
ASSOCIATES 
1909 Monument Indianapolis, 
— 
her., Ful- 
i 
ll 
1, 1909 
5, 1909. 
| 
wi 


- 


( GroRGE Henny. "Draftsman with Gardner 8. Wil- 


liams, Room 207, New Engineering Bldg., , Ann Arbor, et 


31, 1909 


Howarp. University Ave., Rochester, 


‘Prt, Leon Morey. Box | 61, Gooding, 
-Reep, Frank Epwarp. 63 Canvass St., Cohoes, N. Y......— "6 1909 


HaARoLp WHITNEY. 101° West 89th St., New York 


STEESE, JAMES GORDON. . The Benedick, Washington, D. . Aug. 31, 


SwEzEsy, THOMAS Kine. Cedar ‘St., Berkeley, . 31, 1909 
WarD, Epwarp AsHTon. 1197 Broad Newark, J.. Oct. 5, 1909 


Wricnt, RENE Barner. 669 Wrightwood Ave, Chicago, ml. 31, 1909 


CHANGES OF ADDRESS 


= 


_AMERN, , JEREMIAH. Dixon, Cal. 
ALLEN, WILLIAM ANDREW. Care, Am. ‘Smelting & Co., 165 Broad- 
ARMSTRONG, WALTER Roor. Acting | Supt., , Mont. Div. Short Lies’ R. R., 
Baro, PARKER. Care, The Petroleum Tron W orks Co., 50 “Chureh 
New York City, 

j Baum, GEORGE. Warburton Ave. .. Yonkers, N. Y. 

Bearpsiry, JAMEs WALLACE. Care, \ W. E. Beardsley, Norwich, N 

Berry, ‘THOMAS. Care, The M. Str ain Investment | Co., Lamar, Colo. 

Boorn, GroRcE Ww Hydr. Engr. with Comm. ‘Prevention, 
"National: Board of F Fire ire Under writers, ‘136 135 William St., New York 


‘JAMES Henry. Care, Charles & & Co., 3 315 Fifth Ave., , New 


te, 


City. 
WILLIAM Axarnnon. Vice: Pres. Gen. Mgr., Southern 


California Edison Co., Los Angeles, Ca 
Frank TAYLor. U.S. Naval Coal Depot, ¢ California City Point, 
Frank WINStow. ow. Care, Hammond Mfg. Co., 54 First St., Portland, 


eZ 
— 
— 
SHANGES OF ADDRESS —[Society_ 
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July 1, 1909 | 
— Oct. 5.1909 
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BMBERSHI CHANGES OF ADDRESS: 


Foss, Frep EUGENE. Prof, Civ. Eng., Cooper Union, New York City. 


GERIG, W VILLIAM. Vice- Pres. and ‘Pac. & Kast. st. Ry., 
GirrorD, GEORGE -Epwin. Care, W. Bowles Co., 314 Madison Ave., New 


Grecory, JOHN Hydr. and San. Engr., 92 Park Pl. N. J. 


HALL, JULIEN Astin. Cons. Engr., Ww enonda, Pittsylvania Co., Va. 
HALLTHAN, Joun Puiip. Care, Chas. B. Eddy, 68 W York 


HAWKSLEY, -Kennetu Purpson. Caxton House (West Blk. ), Westminster, 
W., London, ‘England, 
Scuuyier. Gen. Mgr. and Chf. 
‘Albion, N. Y. 
Henest, Roperr Marion, 
Anraue Srantey. P. O. Box 435, ‘Philadelphia, Pa. 


HUBBELL, CLARENCE WILL JAM. a ity Engr., , Manila, Philippi ine 


Goonar Morenou SE. 35 Franklin Height, Minneapolis 
CHARLES GILMAN. ‘San. and Hydr. Engr. ; » San. 
Blag., Univ. of California, Berkeley, Cal. 
«JAMES, WILLIAM ATLEE. Div. Engr., Constr. tr. Dept., Canadian Ry. 
Co., 179 Cathedral Ave., Winnipeg, Man., Canada. 


KENDRICK, Vice] » A. T. & S. F. Ry., Railway ‘Ex- 


change, Chicago, il. 
‘Kerenvm, Ricuarp Birp. Assoc. of Civ. Eng., Univ. of Utah, Salt 


James W ESSON. Catskill, N.Y. 


KROE BER, ADOLF T HOMAS. Care, Kais Gouver nement, Buiko, via T Tanga, Ger- 


man East Africa. 


LeBaron, JOHN FRANCIS, Ipswich, Mass, 


MairLAND, ALEXANDER, JR. 4104 Harrison St., Kansas City, Mo. 
Marr, Witt1AM WALTER. 1833 E 8t., Chicago, 

ention, Morrison, Harry JOHNSON. Box ATT 7, Walden, N. Y. — 

v ¥ York PAUL, CHARLES Howarp. E ingr., eclamation Service, B Boise, Idah 
SHENEHON, FRANCIS CLINTON. Dean, Coll. of Eng., Univ. of 


STOREY, “WILLIAM BENSON, JR. Viee- Pres., A, S. F. System, 1033 Rail- 


outhern way xchange Bldg., Chicago, Til. 


SWAIN, GrorcE FILLMORE ( Vice- Preside nt). Cons. Engr., Mass. Railroad 


y Point, Comm.; ‘Member, Boston ansit ‘Prof. of Civ. 


ty 
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Yhurch 
e., New 4 
“4 
{ 
AYLOR, WILLIAM GAVIN. Pa Park 
“4 Newark, N. J. 


MEMBERSHIP—CHAN( GES OF ADDRESS 


THOMSON, ERNEST Bu S. Asst. Engr Oar, Walter klow, 
1250 Riverside Ave., Jacksonville, Fla. 
Aaron. Exet uxeter, Devon, England. 


‘VAN CLEVE, AARON Hows. Cons. Engr. , 19 C St., Echota, Niagara Falls, 


WASHEURN, FRANK SHERMAN. Drawer 29, Niagara Falls, Ont., Canada. 


Watson, Engr., s. Reclamation Service, Sunnyside, Wash. 


WILLIAMS, EDWARD Chf. Engr., Constr. Dept. The New. York: 
"Continental Jewell Filtration Co., 43 Exchange PI. New: York City. 


ASSOCIATE MEMBERS 
J. L Co. » 502 Monadnock Blk., Chi- 


ATWOOD, 
101 Tremont St., Boston 90 Ave., 

AYLers, PHILIP. Engr. , Municipal Bridge, Care, Bremeke & Fay, S St. Louis, 


BAKER, HAROLD « JAMES M ANNING. Junior Engr + U. s 
Box 1809, Seattle, W ash. 
BaRLow, ‘JOHN Sapter. Asst. “Engr, Arizona WwW inkelman, 


riz. 


BEBB, EDwanp ‘Crospy. hitewater, W Wi is. 
BLANCHARD, MuRRAY. North ‘Lefferts: ‘Richmond Hill, N. 


BoaRDMAN, Howarp Epw ARD. Asst. Engr. Sy M. of W., Mo. Pac. Ry., 


BRINKLEY, Mito Asst. ngr, G. N. Ry. 2d Ave. Repub: 


Brown, CHARLES FRANKLIN. 317 Boston Bldg., Salt City, Utah. 
Brown, MarsHart Wricut. 137 South Broadway, Nyack, N.Y. I 
Burcess, PHILIP. . 828 C. 8S. & F. Bldg., Columbus, Ohion q 
CAMERON, JOHN Boss. 401 Edgar Bvanoville, Ind. 

& Elec. Co., 2733 pony Md. 
LEAVER, Prrson Jay. 7 Montezuma, N. Y. 
Coxe, ‘Herpert NicHors. So. St., New Britain, Conn. 
Cowrrr, Joun WHITFIELD. Vice-Pres. Worden-Allen Co., 115, Adams St., 

ain, Guy WHITMORE. Asst. Engr., ‘Rapid Transit Subway Constr. M 


165 Broadway (Res., 144 West 78th St.), New York City. 


DEAN, STANL ey. Instr. in Dept. _of Civ. Eng., Armour Inst. of Tech., rat M 
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MEMBERSHIP—CHANGES OF ADDRESS: 


(Contin) 
ASSOCIATE: MEMBERS Continued 


W ILFORD WILLIS. Met. § Sewerag age Comm., 

City, 

DEGRATRESSE, JOSEPH REYGONDEAU. 612 West 115th St, New York City. 

. Mgr., The Sturm & Dillard Co., Converse, Ind. 

ELBURY, “Tuomas 413 Mack Blk., Denver, Colo. 

ELLiotT, JAMES WILLIAM. 41 So. Prospect, St., Burlington, Vt. 

Fisk, CLinton HINcKLEy. Syndicate. Trust Bldg., St. Louis, Mo. 

F ‘REEMAN, ‘Minton Harvey. Stone Ridge, Ulster Co., N. 

Ay, L EON Engr. — Reclamation Serv vice, Ww illows, 

6 E ARHART, WALTER Scorr. Highway Engr., Manhattan, 


Gam, 1299 air Ave., Columbus, 


“Grecory, ‘EMERSON. Mt. Kisco, 
‘Haas, PHILie LIPPMAN. State Road Engr., 359 Keyes” Ave, Watertown, 
MY 
Petriz. 5264 McPherson Ave., St. Mo. 
HAzELTON, WILLIAM SYLVESTE R. 475 Second pany Detroit, Mich. 
Hazen, WILLI AM NELSON. . Eng ., E xpanded Metal Eng. Co., ‘Union seal 


Engr, ‘Pittsburg Contr. ‘Co. Grand 1 st, New- 
Garden ‘St, Mentelair, } 


40 w est 36th ‘St., ‘New Yo 


KLEINSCHMIDT, Scuwi ING. _ Constr. Engr., Utah State Land Board, 
Kyieut, EARLE KELLY. 532, Candler Bldg., Atlanta, 
LAMONT 1, CLARENCE Boorn. ‘Cherry St., Seattle, Ww ash. 
LanGE, THEoporE FE RDINAND. 2 West 90th St., New York City 7 
LewIs, ARTHUR STEPHEN. 4008 Sheridan Rd., Chicago, 
CARL BERTRAM. (Lindholm & Tuller), Room 215, Agricultural 
National Bank Bldg., Pittsfield, Mass. 
Macartney, Morton. Care, North Co Coast R. R. 918 Paulsen Bldg., 
ns 8t., Spokane, Wash. 
Mac CRACKEN, GEORGE Gere. 13 Park Row, Room 734, New Yok City. oe 
Mac Gregor, Joun Gra ANT. ‘Chf. Engr., The Alberta | Central Ry. Co., Red 
oy, Epnram. ‘Little Hocking, Ohio. 
EKIN, CHARLES WILLIAM. Plumbago, Allegheny E P. 0, Sierra Co., Cal 


, Cal. 
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| JOMANNESSON, SIGVALD. 
KIRCHNER, PAUL ALOIS City, 
| 
> 
— 


ASSOCIATE MEMBERS (Continued 


McPurrson, Rosert Henry. 1273 Old Colony Bldg., Chicago, Tl. 
[ALCOLM, CHARLES: Westey. Asst. Prof. of Stri uetural Eng., ‘Univ. of Illi- 
nois, 908 W. Nevada St., Urbana, Ill. 


Mott, WILLIAM ELTON. 


Technical Schools, Pittsburg, Pa. 


GEORGE ALEXANDER HuTcHINGS. 335 West 14th St., 


New York | City. 


Orr, SAMUEL J. ACOB. 


59 illiam St., East Orange, N. = 


Pata, Js ASON. 


Por, Harry TINKER, JR. 
PoLK, “ARMOUR: CANTRELL. Asst. -Engr., 


526 Melrose St., 


Il. 


Engr. Greenville, S.C. 


Pauls Valley, 


Corps Engrs., U. Ss. A, Ft. Leavenworth, 


Joun Hupson. 

 Reynotps, JUSTIN OAKLEY. of Hlevated Lines, Brooklyn Rapid Tran- 

sit Ry., 85 Clinton St., Room 1000, B rooklyn, N. Y 

SAUERMAN, Henry BURGER Coaling Stat tion Engr. 914 East 66th Chi- 

(SEARLE, CHARLES Dr PEW. “Asst. Rapid Transit eusit Comm, 
St., New ‘York City. 
ASTUS 490 th St. Pittsfield, Mass. 

SPEICHER, Prus ME <LANTHON. Contr.,. Chandler r, Okla. 
STEPHENSON, ART Aveustu 1S, Jr. With J. G. White Con, Ine, In 
Chg. of Costs, Conn. River Power | Transmission Li ine, 70 Central Ex- 

change Bidg., Worcester, ‘Mass. 

STEVENSON, WILLIAM FREEMAN. City. 

JESSE RUSSELL. West 80th St., New York City. 


'THOMES, EpWwIn Howanp. Asst. Engr, Bureau of Queens: Bor 


West 


605, WwW est 178th St. New York 


| 
| 
“| 
| 
| 
| 


FRANK WALLACE, Care, , Ray ymond Conerete Pile Co. 135 Adams 

~St., Chicago, 


RT ALONZO. 


1506 Carteret Ave., , Pueblo, Colo. 
. Care, Seminole Land Co 0, St. 


~ 


WE IL AND, 


City, 


Worrr, Hans HE Dist, ner. ry Oy M. & 


Wash. 
YAPPEN, -ADOLPH. 


843 Nor th Francisco Chicago, 


"Chicago, TIL. 


Chapman, 


MELVILLE DoucGLas. 
New York City. 


ZIMMERMAN, WALTER GUSTAF . 1308 Commercial National - 


ASSOCIATE Ss 
Vice- Pres., 


‘ema: & Steel P 


Bank 


4 


sldg., 


roducts Co., 80 
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— = TRON WORT 
Cloud, Fla. G 
Jerome Freperick. Care, Missoull Val. pridge & Iron Co., Rol 
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_MEMBERSHIP—CHA NGES OF ADDRESS 


~ 


RANSOME, ERNEST 


JUNIORS 
2MSTRONG, GEORGE SIMPSON, , IR. 1040 East 19th St., Brooklyn, N. Y. 
ARTELL, MAx JouN. Asst. Engr., City Engr.’s Office, Hewes Bldg., 15th 


“Floor, San Francisco, Cal. 
‘Barrie, Scanpun. Bell House, 12th St., Columbus, Ga. 


C HARLES SMITH. . Care, & T. Co., 10 Bridge ‘St. (Res., 
West 117th. St.), New York City. 


Brown, Dav ID Hare. ; Constr. Engr., Diamond Water Bachman House, 
Hazleton, Pa. 


BuRKE, RALPH HENRY. Computer, San. D , San. Dist. | of 1546 South Kedzie 
Ave., Chicago, Til. 


A 


W illow St., Boston, Mass. 


ENGLISH, CHARLES CLEMENT. 7 St. Philadelphia, Pa, 
Esraprook, Grorcr Mrrcnent. Main St., Hempstead, N. 


Ewine, Rea. 2405 S. Ridgew ay Chicago, 
812 No. 3d St. -(Res., Terrac 


Foss, __Instr., Civ. Eng. Dept, Leland Stanford Jr. ‘Uni 


FREDERICK ‘in n Civ. Eng. Leland Stanford Jr. 


| 


St., Philadelphia, Pa. 
GIQUEL, RAFAEL z. Engr. in Chg., Central Highway, H 
No. 18, Vedado, Havana, Cuba, 


Hn NLEY, Rope RT Dwr IGGINS ‘Monts TEITH. ‘are 


&S.F. Ry. Co., Topeka, Kans, 
‘Hor BROOK, WINFIELD. Penrose, Colo. 


Hugues, WILLIAM JR. Beaver, Pa. 
Lew Is, W ILFRED. With The Gen. Eng. & Constr. Co., 1517 Boylston Ave. ay 
~McMenimen, Vincent. 172 Fairview Ave, Jersey City, N. J. 


Mart INEZ, RoLaNpo -ARNOLDO. Mass. Inst. Teeh., ., Students Box 82, Boston, 
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SUNIORS (Continued ) 


NEAL, CLARENCE ADKINS. Secy., Union Bridge & Constr. Co., , Kansas 

NICHOLS, Joun Roperr. 82 Avon Hill § 

BYRNE, CHARL ES 2545 W ‘Blvd. , Chicago, 

Peck, Joun Carvin. 611 Gifford PI., Hudson, N. 


RITCHARD, CHARLES. Deputy State Highw ay Engr. of Mo. 4245 


Evans Ave., St. Louis, Mo. 


QuEREACH, 717 Missouri Ave., Columbia, Mo. 


RoBINsoN, Ww ARD R REID. Reinforeed ced Concrete Designer, M. & St. P. Ry. 
(5531 Monroe Ave. Chicago, Ill. 


EDWARD LAWRENCE. Asst. Engr., T. & T. R. R. Co., 7th Ave. and 


32d St., New York City. 


"SHAFER, JAMES CHARLES FORSYTHE. udlock, Jeffer son Wash. 
SIMPSON, CHARLES | RANDOL PH. Civ. and + 201 Second St. 


Huatingson, Pa. 
SISSON, GEORGE, General Delivery, Vallejo, Cal. 


SMITH, ELRoy GEoRGE. 424 West 146th St., New York City. = 

STEEGMUI LLER, Cc HARLES ALBERT AUGUSTINE Quintard Ave., ‘South Nor- 


Ww valk, Conn. * 


HOMSON, FRED Morton. .in Chg. of Caldwell 


“'THoMsoN, WARREN Brown. 103 Onondaga Ave. , Syracu 

CHARLES EDWARDS. WwW allace ‘Ave., .. Mt. Vernon, N. 


TURNER, Es RUSSELL. 456 Salem St., Malden, 


Ww ARLOW, , ADONIRAM Jupson. - 313 Nor = St. (West Side), ‘Bethlehem, Pa. 
Wi ILCOX, FRANK LESLIE. Seeur ity Bldg., St. Louis, Mo. 


ILLARD, WIL LI AM CLYDE. Care, Southern 1 Pac. R. OR. , 234 Iowa St. 


Wi ILLCOMB, GEORGE E warp. Chemist in Chg., Alban 


n bany Filtration Works, | 
North Allen St., Albany, 


Wrienr, THOMAS JUDSON, , JR. Care, W inston-Salem South Bound Ry. Co.,_ 


Office of Che. ‘Engr. »W inston- Salem, NC 


Br TRCH-NorpD, (Cari WILLIAM. Elected Junior, October 30th, 1906; Associate 
BS. Member, November - 4th, 1908 ; died September 1 5th, 1909. — 
BRINCKERHOFF, HENRY WALLER. Elected Member, November 


ovoDE, JAMES HENRY. Elected Member, April 2d, 1890; died September 9th, 
19098, 


PARKER, W ILLIAM. 


Elected Member, March 7th, 1900 ; — September 30th, 


NELSON. Elected Member, September 3d, 1884; died Sep- 
- 


909, 
5 166. | 
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CURRENT ENG NGINEERING LITERATURE 


— Y LIST OF RECENT ENGINEERING ARTICLES OF 


Norr.— This list of placing before the 
members: of Society, , the titles of current engineering articles, 


- which can be referred to in any available engineering library, or can be 
procured: by addr ing the publication directly, the address’ and price 
being given wherever possible. 


OF PUBLICATIONS 


In the subjoined list of of articles, references ¢ are given by the number 


to each journal an this list : 


Journal, Assoc. ‘Eng. 31 (28) Journal, New England 
Milk St., Boston, Mass., 30c. Works Assoc., Boston, Mass., 


2) Proceedings, Engrs. Club of Phila., (29) Journal, Royal “Society of “Arts, 


(1317 Spruce St., Philadelphia, London, England, 15c. — 

(3) Journal, Franklin Inst., Philadel-— Belgique, Brussels, Belgium. 

phia, Pa., 50c. Annales de l’Assoc, des Ing. Sortis 
(4) Journal, “Western Soc. of Engrs., des Ecoles Spéciales de Gand, 


"Monadnock Blk., Chicago, Ill. _ Brussels, Belgium. | 

6) Transactions, “Can. Soc. (32 Mémoires ‘et Compte Rendu des 
Montreal, Que., Canada. Soc. Ing. Civ. de 

School of Mines “Quarterly, Co- France, Paris, France. 

-lumbia Univ., New (33) Le Génie Civil, Paris, France. 


(34) Portefeuille Economiques des Ma- 

(7) Technology Quarterly, Mass. Inst, chines, Paris, France. : 
 Tech., Boston, Mass., 75c. Nouvelles Annales de la Construc- 
(8) Stevens Institute Indicator, Stevens tion, Paris, France. 


—sS$nst., Hoboken, N. J., 50c. = (37) Revue de Mécanique. Paris, France. 
(9) Engineering Magazine, — (38) Revue Générale Chemins de 
Cassier’s Magazine, New York City, France. 
Wiley, New York City, 25c. val (42) Proceedings. Am. Inst. 
(12) The Engineer (London), Inter- | Enegrs., New York City, 50c. i 
national News Co., New York (43) Annales des Ponts et Chaussée em 
(13) Engineering News, New York City, (44) Journal, Military Service Institu- 
The Engineering Record, New York oo Harbor, 50. 
City, 12c, = (45) Mines and Minerals, Scranton, Pa., 
(15) Railroad Age Gazette, New York 20c 
1, (46) Scientific American, New York 
(16) Engineering and Mining Journal City Hetty 
New York City, 15c. (47) Engineer, 
Raitway and Review, genieure, Berlin, Germany. 
Chicago, Ill., 10c. (49) Zeitschrift fiir Bauwesen, Berlin, 
| n Supplomer 


(19) Scientific America nent, Germany. 


New York City, 10c. 50 ‘Stanl u 
(20) Iron Age, New York City, 10c. ( Eisen, 


(21) Railway Engineer, “London, “Bng- (51) Deutsche Bauzeitung, Berlin, 


From ang Coal (52), Rigasche Industrie- -Zeitung, Riga, 
r 23) Bulletin, American Iron and Steel sr 


Philadelphia, Pa, Zeitschrift, Qesterreichischer In- 


| 
30th, (24) American Gas Light Journal, New 
be, ; (25) American En ineer, New York (54) Transactions, Am. Soc. C. E., New 
= (26) Electrical “Review London, (55) Transactions, Am. Soc. M. E., New 
land. York City, $10. id 


(27) Electrical Ww orld, New York City, (56) Transactions, Am. 
10 


Enegrs., New York City, $6. 


| 
os 
| 4 
| 
vell 
| 
Pa. 
wad 
ve 
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1883; 
er 9th, 
’ 
= 


- Proceedings, Western ‘Railway (84) Le Ciment, Paris, France. 


‘London, Eng- (80) Tonindustric Zeitung, Berlin, 
($8) Praedings, Eng. Soc. W. Pa., 803 (81) Zeitschrift fiir Architektur und _In- 
Fulton Bidg., Pittsburg, Pa., 50c. genieurwesen, Wiesbaden, Ger- 

Mining Inst. of mais... 
London and Newcastle- (82) Dinglers Polytechnisches Journal, 


iw Dearborn ‘St St., , Chicago, © (85) Proceedings, Am. Ry. Eng. and M. : 
f W. Assoc., Chicago, Ill. 
Industrial World, 59 Ninth 


(63) Inst. C. (87) Roadmaster and Foreman, Chicago 


a (65) Power, New York City, 20¢. York ‘ 88) Bulletin of the International Ry. : 
4 “Railroad Club, Brooklyn, N. 
(89) Proceedings, Am. Soc. for Testing 


(66) Journal of Gas Lighting, 
» Materials, Philadelphia, Pa. 
(90) Trunsactions, Inst. of ‘Naval 


(68) Mi (91) Transactions, Soc. Naval Archt 
@ ) Mining Journal, London, England. | ye Marine Engrs. New York 


(70) Engineering Review, New York 

(71) Journal, Tron and Steel Inst., Lon - (92) Bulletin Soc. @’ 
don, England. pour l’Industrie Nationale, Paris, 


Metal., London, England. France, 4 fr. 50. 


‘Transactions, Inst. of Min. and ) Revue 
Proceedings. Inst. of Mech. En The Boiler Maker, New York City, 
(76) Brick, Chicago, I11., 10c. International ‘Marine Engineering, 
(77) Journal, Inst. Elec. London, New York City, 20e. — 

England. - (96) Canadian Engineer, Toronto, Can- 

(78) Beton und Eisen, Vienna, . Austria. 
(79) Forscherarbeiten, Vienna, Austria. (97) Turbine, Berlin, Germany, 1 Mark. 


4 


OF ARTICLES 


Reinforced Concrete Trestles.*. of Comm. Ry. Eng. and of W. 
- Impact Tests.* (Report of Comm. Amer. Ry. Eng. and M. of W. Assoc.) (85) Vol. 
- Wooden Bridges and Trestles.* (Report of Comm. = idle Ry. —— | M. of W. 
- Foundation Work for C. and N. W. Railroad Bridge across the mae River at 
Clinton, Iowa.* M. Deutsch. (6) July. 
Strengthening the Track and the Bridges with a View to tecusesien the Speed of 
om Trains (Subject for eee at ” Highth Session of the Railway — 


at 


Makatote Viaduct.* (1) Sept. 3. 
The Widening of Blackfriars Bridge.* (11) Sept. 10. 
Methods and Cost of Constructing a ‘Reinforced Conc as a using Chutes to 
Deposit the Concrete. (86) Sept. 15. 
The 180-Ft. Stone Arch Bridge at Wiesen, (13) Sept. 16. 
Great Engineering Works on the Canadian Pacific Railway (Lethbridge Viaduct).* 
‘J. E. Schwitzer. (Paper read before the Brit. Assoc.) Rissa Sept. 17; a (13) 
Sept. 23; (11) Semt.24. 
4 Concrete Culverts and Small Bridges on the Slateford- of 


Erection of the Fades Viaduct.* (46) Oct. 9. — 


the Delaware, Lackawanna & Western R. R.* (13) Sept. 30. 
Design and Construction of the Manhattan Bridge.* 3. q 
9. 


Reconstruction of Approach > Spans, Poughkeepsie Bridge. * (14) Oct. 

The Calculation of Stresses in Stiffening Trusses.* F. E. Turneaure. igen Ap- 
pendix to Report on Manhattan Bridge). (14) Oct. 9. 
Le Pont Tournant Kaiser Wilhelm 4 Wilhelmshafen (Allemagne).* Sept. 
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H. Pilgrim. (78) Ser Seria 

Zur Materialausniitzung des Eisernen Dachbinders. Sep 10. 


Nickelstahl fiir. Hisenbriicken, ‘Sept. 


Ww ireless Telephony. * Tissot. (From La 7 echnique Moderne.) (88) Sept. 


go, _Atmospheric Loss off Wires under Direct Current Pressures.* E. A. Watson. (Paper 
read before the Brit. Assoc.) (73) Sept. 3. 
0, Relations between Output, L osses, Dimensions, Weight and Cost ot Transformers.* = 
Reed. (27) Sept. 9. 
Ry. South American Gas-Engine- Driven ‘Central Station. Stone. Sept. 9. 
A New Electrical Generating Station at Buenos Ayres.* (12) Sept. 10. 
Electrical Equipment of the Great Western Power Company.* (27) Sept. 16. 
ns The Starting Torque of Three-Phase Motors with Squirrel- Cage Rotors. Max Kloss. _ 
(From the Electron.) (73) Sept. 17. 


Commutation in Continuous-Current Machines. H. Mellor. (47), Serial be- 


ginning Sept.17, = 

rork Central Electric Plants in Small Towns.* James s. (Abstract, 

ad before the National Elec. Light Assoc.) (13)_ Sept. 

ment Oakland (Cal. ) Auxiliary Station for Great Western Power Comp an 


Telegraph and Telephone Systems 
Taylor. (42) Oct. 
Electricity Supply ‘Stations of the New York Edis on 
beginning wre 
_Ammeter for the Accurate Alternating FL 
Northrup. (Abstract of paper read before the Amer, eens Soc.) 
The Phenomena of Resonance in Electric Lines.* J. Dalemont. (96) 
The Brusis Central Station.* J. B. Van Brussel. (64) Oct. 5. anti 
Report of the Committee on Power Generation.* (Abstract of report read before the 
Amer. Street and Interurban Ry. Eng. Assoc.) (17) Oct.7. © 
Electric Light and Exhaust Steam-Heating Station at West Chester, Pa.* (27) 
Gas Engine Driven Electric Plants versus Electric Motors Fed from Central atsttone. 
Betriebene Kohlenkipperanlage am Rothesay-Dock bei Glasgow. 
§chlachter. (48) Serial beginning Aug. 7 = 
= und Wirtschaftlichkeit Neuerer Elektrischer Starklichtquellen. * P. Heyck. 


Uber Hochspannungsfreileitungen.* (53) ‘Serial beginning Aug. 


und Dampf. (80) Sept. 
= 


Hydroplanes or Skimmers. Sir Thornycroft. (Paper read before Brit. 


peed of Assoc.) (11) 
press) Experimental Spur-Wheel ‘Reduction Gear for ‘High- ‘Speed Steam- 


The Stability of Floating Docks.* Bernard C. Laws, M. I. N. A. (10) on 
The Design of Turning Engines.* Edward M. Bragg. (95) | Serial beginning Oct. 
Dutch Marine Suction-Gas Plants.’ * Muller Van Brakel. (95) Serial 

Train-Ferry Steamer Fabius for Northern Nigeria.* (11) —Oct. 1. 


(13) The Uses of Electricity on Board Ship. John McLaren. (Abstract of pa per. ‘Tead 
: sa alk: before the Inst. of Mar. Engrs.) (47) Oct. 1. 

ut-Of Sur 1’ Ecoulement des Fluides le Long des Surfaces (Théorie des Hélices et des Sur-_ 

faces Sustentatrices).* A. Rateau. (37) Aug. 31. 
argeuses a a pour les Déblais de Dragages. * F. Hofer. 

Uber Schiffschrauben 1 mit ‘Zitternder Bewegung. J. W. Haeussler. Serial 

Ap 

Der Doppelschraubendampfer George Washington. = Kurtzahn. Sept. 25. 
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CURRENT ENGINEERING LITERATUR RE 


Gaseous Explosions.* (Report to the Brit. Assoc. Sept. 3; erial 


Riemer Hot- Top Process of Preventing in Steel Ingots.* ~ 


Strensth of Gas Engine Crank Shafts.* Michael Longridge, M. ‘Inst. C. 
Working of Chain-Grate Stokers.* (47) Sept.10. 
_ Novel Spoil Transporter for Stripping Operations.* Fred A. Talbot. (16) Sept. 1. 
~The Mechanical Equipment of Hotel La Salle, Chicago.* (14) ‘Sept. 2 - 
7 he Safety Equipment of the Singer Building Elevators. * 4. Sept. 11. Se 
Researches on the Carbonization of Typical English Coals.* J. Constam and E. — > 
Kolbe. (From Journal fiir Gasbeleuchtung.) (66) Sept. 
English Practice in Condensing Equipment.* James A. Seager. (64) “sept. 14. 
Notes on the Evaporated Salt Industry of Kansas.* C. M. Young (16) - Sept. 18. _ 


The Russell Vertical Retort Bench.* (24) Sept. 20. ess (66) 
(66) 


Technology as Exemplified by the ‘St. Helens wanane Thomas Holgate 


An East Indian Iron and Steel Piant.* (20 Sept. 23: s (62) Sept. 27. 
Electrically-Driven Machinery at Fishguard 8) __ Sept. 24, 
Unloading Railroad Cars by Machinery.* Snowden B. . Redfield. (16) Sept. 25. 5 
Plant of the Utah Fuel Co.* A.C. Watts. (45) Oct. ‘oe li ar 
Keystone Rivetless Conveyor Chain.* (45). Oct. 

; a of Beehive Coke Ovens. * J... Campbell. — (Paper read before the Coal 


Min. Inst. of Amer.) (45) Oct. 2 eee ¥ 
| Increasing the Efficiency of the Electric-Motor Drive. Howard Ss. Knowlton, (9) 


Sizes of Wheels in Motor Vehicles. * (11) Oct. 1. 
The Paris Aviation Exhibition.* (11) Serial beginning Oct. af, 7 
The Van Buren Excavator.* (20) Oct. 
sur le Gazogéne a Déc par Fusion des” Cendres. Sepulchre. 


Produits Réfractaires. ‘Louis Baraduc- -Muller. 
& d’Hélices au Point Fixe.* A. Boyer-Guillon. (32) Aug. 


Théorie de Résistance a des “Plaques l’Air.* F. Chaudy. (32) 
Aug. 
Grues de 150 a Volée Basculante. F. Hofer. 33) Aus. 28. 
jtude sur le Phénoméne Gyroscopique.* Astier. (37) Aug. 31. ee 
Giessereianlagen der Maschinenfabrik WwW interthur.* * (50) 
Aus der Eisen- und Stahlgiessereipraxis. * ‘Treuheit. (Ex xtract paper read 
before the Deutsche Formermeisterbund. ) (50) July 7. Pee 
Das Elektrisch Angetriebene des Peiner * F. Hartig. 
‘Die F estigkeit von Nickelstahinieten unter Beriicksichtigung des Gleit- 
widerstandes.* E. Preuss. (50) July 28. 
Uber die Wahl des Arbeitsvermégens eines Turbinen- Oeldruck Resters. A. Pfau. 
(97) Aug. 
Beziehungen Gross- Dampitusbine zur r Elektrotechnik. Groddeck. (Ab- 
—s- stract from the Elektrotechnische Zeitschrift.) (97) Aug. 5. 
Die Neue Werft der Stettiner Maschinenbau-A.-G. Vulcan in Hamburs. * Paul Ranft. 
=Serial beginning Aug. 21. 
Betriebsversuche an einer Dampf- Umkehrblockstrasse. (Contribution by the Kom- 
mission fiir den Kraftbedarf an (50) Aug. 25. 


Dampfturbine Oerlikon.* (97) Sept. 5. 
Hangebahnen in Giessereien.* Otto S. Schmidt. (50) Sept. 
Oelgasanstalt mit Generatorbetrieb.* Fritz Landsberg. (48) Sept. 


Betriebserfahrungen in Kalksandsteinfabriken.* (80) Sept. 16. 


¥ 


The Separation Metallic one by Jigging.* Taylor (74) Vol. 
- Laboratory Routine in Modern Copper Smelters. H. T. Waller. (74) - Vol. 18. 
The Estimation of Sulpho and Ferrocyanides, etc., in Cyanide Solutions Containing — 
Copper. Leonard M. Green. (74) Vol. 18. 
Notes on Tin Dressing.* H. W. Hutchin. (74) Vol. 18. 
The Determination of Tungstic Acid in Lowgrade Wolfram Ores. H. 


Ww. Hutchin 


‘Illustrated. 
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4 ‘Metallurgical—(Continued). 
Cupellation Experiments ; the Thermal Properties ot Cupels. 
W. N. Stanley. (74) Vol.18 | 


The Bessemerising of Hardhead.* Donald M. Levy and D. Ewen. (74) Vol. 18. 
_ Introduction to the Effect of Structure upon the Physical Properties of Cast Iron.* 
J. Cook and George Hailstone. (Paper read before the -Foundrymen’s 
The Vaughan- -Hughes Heat Treatment Process Furnaces.* (22) Sept. 8 
Free — Hindered Settling of Mineral Grains. “i Arthur O. Christensen. — (16) Sept. 
Pig Iron Production in an Electric Shaft Furnace ; Investigations in sweden by Dr. 
Eugene Haanel, Canadian Director of Mines.* (20) Sept. 16. _ 
The Development of Heavy Gravitation Stamps.* W. A. Caldecott. (16) Sept. 25. 
Flue Construction and the Saving of Flue Dust.* J. B. Wynne. ‘Sept. 
Oxidation and Cyanidation. Hubert A. Megraw. (16) Oct. 2. © 
A Hot-Blast Furnace for the Small Operator.* Percy Andrus Babb. 16) Oct. 2 ; 
; New Copper Blast Furnaces at Teziutlan Smeltery.* Cyrus Robinson. (16) Oct. 2. 
A Proposed New System for the Cyanide Treatment of Slimes. Ferdinand McCann, 
(Paper read before the Inst. Mex. de Mines y Metal. (16) Oct. will 
Les Alliages Ferro Métalliques. Chaplet. (93) June. 
Etat Actuel de la Fabrication de Acier Pour Mlectrique® Ch. “Clausel 


_Coussergues. (93) June. | 
‘Le F erromagnétisme et Etude des Métaux et ‘Pierre Ww eiss. (93) June. 
Examen Micrographique de quelques Fontes de dites “Aciéreuses,’ Jean 


Recherches sur les Sous-Oxydes de Cesium. (93) Sept. 
Clarification des Eaux Boueuses par Décantation Naturelle et Nettoyage Automatique ; 
des Puisards de Pompes.* A. Babonneau: (33) Serial beginning Sept. 4. 
Les Hauts Fourneaux de Lubeck.* (33) Sept. 25. | 
Die Berechnung Steinerner Winderhitzer unter Zugrundelegung des -Warmeleitungs- 
- vermégens Feuerfester Steine. Bernard Osann. (Paper read before the Verein 
Deutscher Fabriken Feuerfester Produkte.) (50) Serial beginning July 
Beitrag zur Priifung des Gusseisens.* (C. Jiingst. (SO) Aug. 4. 
der Kupoléfen, Schmelzv organg und ‘Begichtung. A. Messerschmitt. (50), 
Serial beginning Aug. 4. 4 
-Nachstudie zur Gayleyschen (50) Serial beginning | 


The Propulsive Energy of Explosives. ‘Sir Andrew Noble. (Abstract of paper read 
before the Inst. of Engrs. and Shipbuilders.) (47) — Sept. 10. 


“Shrinkage” Stoping in Western Australia.* F. Percy Rolfe. (74 ) Vol. is. 
Electricity Rules in New South Wales Mines. (22) Sept. 3. re 
Coal Dust Experiments at the Experimental Gallery of the Rossitz - Coalfield.* 
Czaplinski and J. Jicinsky. (Tr. from Oesterr. — fiir Berg.- und Huttenwesen.) | 
(22) Serial beginning Sept. 10. : 
Electrical Wiring for Deep Mining Work. * Carl ©. Fichtel. (16) Sept. 
‘ The Utilisation of Exhaust Steam in Collieries.* C. B. Chartres. - (Paper read before : 
the South Wales Inst. of Engrs.) (47). Sept. 24, 
| Coal Mining Methods in England.* Floyd W. Parsons. (16) Sept. 25. 
Ore Handling at Copper Queen Mine. Maxwell C. Milton. (45) 


Report of Special Committee on Uniform General Contract Forms. ane Ry. Eng. 
and M. of W. Assoc.) (85) Vol. 10, Pt. 2. Z 
Free. and Hindered Settling of Mineral ‘Grains. Arthur oO. Chris 

Sept. 11. 
Fluid Pressure on Inclined Planes. (11) Sept. 
Density and Draining Capacity of Artificial and Natural ee of Sand a 
Gravel.* E. C. Murphy, M. Am. Soc. C. E. (13) Sept. 23. 
The Reclamation of Wet Lands in Louisiana.* (14) Oct. 9. 
-Quelques Notes sur un Essai d’Application du Systéme Taylor dans un Grand Atelier 
de Mécanique Francais. Georges de Ram. (93) Sept. 
‘Die Aesthetische Ausbildung der Ingenieurbauten. Hermann ‘Muthesius. (48) July 


Qualities of Paving Brick. A. Talbot. Bulletin, fl. Geol. Surv. 


Sept. 
‘The Detailed Cost. of 067 ‘sq. yd. of ‘Belgian 
Baltimore, Md.* (86) Sept. 22, | 


-*Tilustrated. 
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CURRENT ENGINEE RING LITERATURE 
‘Municipal—(Continued). 


Unsatisfactory Experience with Petrolithic Pavements at El Paso, Tex., and Los 
Some Details of Construction and Contract Prices for Concrete Pavements. J. H. 
Chubb. (Abstract of paper before the Assoc. of Cement Users.) 
Macadam Roads. Austin B. Fletcher, M. Am. Soc. 
National Good Roads Cong.) (14) Oct. 2; Oct. 6. 
New Method of Grading and Draining Street Intersections. vim, Ww Ww. ‘Marr, 
Soc. C. BE. Oct. 7. 


Seliiadiee: + (Report of Comm. mer. Ry. Eng. and M. of Ww. Assoc.) 
Signaling and ‘Interloc -king.* Ci mim. M. 


Assoc.) (85) Vol. 10, Pt. 1. 
Yards and Terminals.* | (Report of Comm. P y. Eng. - and M. of W. Assoc.) 


(85) Vol. 10, Pt. 1. = 
Description of Inclined or Ha i reight ‘HL Stein. | (85) 
Rail. * (Report of Comm. Amer. Ry. En ind M. of W. 

Pt. 1. 
“Properties of the Split Switch. of C ‘Amer. Ry. M. a W. 

Assoc.) (85) Vol. 10, Pt. 1. 

‘The Use of Spirals and Definition of Degree of Curve. * 7 (Report of Comm. _ 

. Ry. Eng. and M. of W. Assoc.) (85) Vol. 10, Pt.1. | 

 Ties.* of Comm. Amer. Ry. and M. of W. Assoc.) (85) ‘Vol. 10, 
(Report of Comm. Am er, Ry. Eng. _ 

M. of W. Assoc. ) (85) Vol. 10, Pt. 

- bic Elevation and Depression. > (Report of Comm. Amer. Ry. Eng. and M. of 

Assoc.) (85) Vol. 10, Pt. 2, 
he Best Method for te Size of Waterways.* of Comm. | 
Amer, Ry. Eng. and M. of W. Assoc.) (85) Vol. 10, Pt. 2. el ea 
Slides and Washouts.* (Report of Comm. Amer. Ry. Eng. ‘and M. of W. Assoc.) 

oe Surface and Sub-Surface Drainage of Embankments and Excavations, and Tiling of 

et Cuts of Slides. (Report. of Comm. Amer. Ry. Eng. and M. of. 
Assoc.) (85) Vol. 10, Pt. 2. 
Retaining Ww alls and Abutments.* "(Report o of Comm. Amer. ‘Bag. * of W. 
Report of Sub- Committee n the Allowable Length ot Spots on car Wheels. 
(85) Vol. 10, Pt.2 
A Study of Rail Pressures and Stresses in Trek Produced by Different Types ot 
Steam Locomotives when Roane Various Degree Curves at Different Speeds. . 
E. Stetson. (85) Vol. 10, Pt.2. 
The Question of Screw Fastenings to + Rails to Ties.* W. C. . Cushing. (85) 
‘Specific ations for Furnishing Small Track k Appliances ; ‘Relative to Screw- 
Spikes. (85) Vol. 10, Pt. 2. 
Four Wheels Coupled Tank Engines, 300 ‘Class ; Eastern | -Railway.* 
Sept. 
The Chairing and Creosoting of Sleepers; Great Western Railway.* (21) Set _ 
The Use of Steel (by Railroads). Special Steels. (Subject for Discussior at the 
_ Eighth Session of the Railway Congress.) Le Blant. (88) Sept. 
Strengthening the Track and the Bridges with a View to ‘Increasing the Speed of 
Trains. (Subject for Discussion at the Eighth Session winless Railway Con- 
gress.) M. L. Byers. (88) Sept. | 
Signalling on French Railways. (21) Serial beginning Sept. 
Eight-Wheel Engines, Western Ry. of Havana.* | (18) _ Sept. 4. 
‘The Finnish Railways and their Electrification.* (12) Sept. 10. 
Systematic Signaling. C.C. Anthony. (15) Sept. 10. ar 
Proposed Terminal Improvemerts at St. Louis.* (15) Sept. 
National Transcontinental Railway.* Duncan MacPherson, M. Inst. C. E. (Paper 
read before the Brit. Assoc.) (96) Sept. 10; a4)" 25 ; (11) 


Constrection Work on the Spokane, Portland & Seattle Ry.* 


Appraisal of Physical Property of the Coney a Railroad. (17) 


(18) Serial beginning 
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The Hudson and Manhattan eocree System. * . Vipond Dav on a ‘Serial be- 
ginning Sept. 17. 


New Locomotives for the Natal Government Railway. y.* Sept. 3% 
The Modern Locomotive Boiler.* John W. 


Hobson. (Paper read before the North- 
East Coast Inst. of Engrs. and Serial beginning Sept. 17; 
(94) Serial beginning Oct. 


Brush Tension. C. W. Squier. (17) Sept. 18. 


Electric Power Equipment for the Cascade Tunnel, Great 


Locomotive Counterbalancing. * H. H. Vaughan. (Paper read before the 
Club.) (15) Serial beginning Sept. 24; (25) Oct. 


‘The Beebe Syndicate Interurban System in Central New York, ‘Construction _ 
Geared Electrical Freight Locomotive for the New York , New Haven 6 Manes 
_Railroad.* (17) Sept. 25; (27) Sept. 23; Sept. (13) 
The Monthey-Champery Railway.* (17) Sept. 25. 
Duluth Passenger Terminal of the Wisconsin Central Railway.* (44) Sept. ‘25. Bas 
The Application of the Traverse Method to Railroad Curve Problems.‘ * Wm. Clyde 
‘Willard. (13) Sept. 30. | 


A New Design of Railway Track Construction. + (13) — Sept. 30. 
| 


Pacific Type Locomotive with Superheater, Great Northern Railway. . (25) Oct. 
Special Bogie Wagons; London and Northwestern Railway.* (21) a 
Four-Speed Three- Phase Locomotive for the Simplon Tunnel.* - Serial begin- 


Interurban Roads of Colorado.* Oct. 2. 


Electric Railways of San Francisco and its 
Electric Railways of Utah.* (17) Oct. 2. 
The Rotterdam-Haag-Scheveningen Railway.* (17) Oct. 2. 
Steel Passenger Cars for the Hudson & Manhattan Railroad.* CAT). Ot. 2. 
‘Method and Cost of Taking up 80-Ib. Rail and Relaying with 90-lb. Rail; Cleveland, a 
Cincinnati, Chicago and St. _ Louis Ry. John Barth. — (Report to. the Road- 
and M. of W. Assoc.) (86) 
(Abstract of paper read before the 
Amer. Street and Interurban Ry: Eng. Assoc. Cy 
Car Weights as Affecting Operating Cost.* M. V. Ayres. (Abstract of paper read 
before the Amer. Street and Interurban Ry. Eng. Assoc.) (17) Oct. 7. 


| 1 200-Volt D. C. Car Equipment. — F. E. Case. 


jn Developments in Railway Motor Control. Clarence Renshaw. (Abstract of 
_ paper read before the Amer. Street and Interurban Ry. Eng. Assoc.) 


(17) Oct. 7 
ow -Treated Carbon Steel Axles. 


J. S. Doyle. (Abstract of paper Tead before othe 
Amer. Street and Interurban Ry. Eng. Assoc.) (17) Oct.7 = 
Report of Committee on Equipment.* (Abstract of report to Amer. Street. and 
Interurban Ry. Eng. Assoc.) (17) Oct. 
New Signals at Providence.* (15) Oct. 8 rere 
The Signals in the New Tunnels of the Hudson Manhattan Ry. Leisenring. 
(15) Serial beginning Oct. 8 | 
Mallet Articulated Compound Locomotive Built the (18) Oct. 9 9. 
~The New Soo Line Terminal in St. Paul.* (14) Oct. 9. tenn sain 
Sur le Relevé du Profil Intérieur des Ouvrages sur Rails.* Goupil. (43) a. 
Aération des Souterrains; Construction du Souterrain de Présailles sur la Ligne du 
Puy a Nieigles-Prades; Réclamation de la Compagnie Paris- Lyon-Méditerranée_ 
 eontre une Décision Ministérielle du 11 Novembre, 1908. (43) July. | 
Locomotive-Tender Compound Chaudiére Aquatubulaire et ‘Huit Roues Couplées- 
Etablissements du Creusot.* (33) Aug. 28,0 
Appareils pour le Réglage de la Distribution des Locomotives.* (34) Sept. 
Application de l’Auto-Combinateur ‘‘M. D. M.” pour la Commande par Fluide et - 
 : Enclenchement des Aiguilles et des Signaux Aa la Cabine No. 11 de Paris-Nord 
(@avage du Landy).* Albert Moutier. (38) Sept. 
Note sur les Chemins de Fer de l’Afrique Occidentale Francaise. * R. Godfernaux. 
Amélioration de la Traction 4 Air Comprimé par l'Utilisation de la Chaleur de Com- 
sos pression de l’Air.* L. Pierre-Guédon. (33) Sept. 11. 
La Traction Electrique 4 Courant Continu et 4 Intensité Constante. (33) Sept. 
Elektrische Giiterzuglokomotive der Italienischen Staatsbahnen.* von 
Kando. (48) Serial beginning Aug. 7. 
Die Rillenschiene, Ihre Entstehung und Entwicklung. Philipp: ‘Fischer. 
Serial beginning Aug. 11. 
Wagen- Lokomotivschuppen der Salzburger Hisenbahn- und Tramway- -Gesell- 
 schaft.* Franz Bohm. (78) Sept. 1. 


Die Verladung von Massengiitern im Eisenbahnbetrieb. * Prof. A Aumund, (48) 
Serial beginning Sept. 4. 


Versuche mit Durchgehenden Selbsttatigen -Bremser Giiterziigen.* Johann 
Rihosek. (53) Serial beginning Sept. 24. 
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z The Central Repair Depot of the London County Council Tramw rays. Ww. E. Ireland. 


(Abstract of paper read before the Mun. Tramways Assoc. y Cs) ‘Sept. 
The Denver City Tramway System.* (17) Oct. 2. 


The Stations of the Washington St. Tunnel, Boston, Mass. * Laurence B. Manley. 
Neuere Systemformen im Hisenhochbau.* Franz Czech. (50) Aug. bal 


} Sewage Disposal Plant at Seneca Falls, New York.* (14) Sept.11. 


Some Methods of Sewer Tunnelling in Cities.* "Alfred E. Snape, Assoc. M. Inst. C. E. 


of ‘paper read before of and Mun. Engrs.) (86) 
ep 


ata on Methods and Cost of Cleaning Catch Basins, Obtained from Practice the 


> 


Cities of Poston and Worcester, Mass.* _ (Abstract from Report to the Boston 
Finance Comm.) (86) Sept.15. 
The New Sprinkling Filter at Reading.* (14) Sept. 25 _ 
Early of Sewers of “(From Civic Affairs. (60) 


The Cost of Concrete vs. Brick Sewe ers. Oct. 6. 
A Committee Report on Sewage Disposal in the United States. (86) Oct. 6. 6. 


Wood Preservation. > (Report of Comm. Amer. Ry. Eng. and M. of sabia of w. Assoc.) (85) 

> Buildings.* | ‘(Report of Comm. Amer. Ry. Eng. and M. of W. Assoc, 
‘Reinforced Concrete Foundations for Stamp Batteries.* S. J. Truscott and John 


The Setting of Portland Cement, with Description of Methods Adopted for Regulating > 

the Same. i. _K. G. Bamber. ns of paper read at the Concrete Inst.) 
The Behaviour Ductile Material under Torsional Strain. . Larard, Assoc. 


Inst. C. E. (Paper read before the Brit. Assoc.) (141). beginning 

Reinforced Concrete Columns. W. Noble etrees, M, I. Mech. E. ap si Serial 


beginning Sept. 10. 
‘The Design and Construction of Forms for Concrete Work.* Serial beginning» 
Sept. 22. 
Note on the Deflection due to Shear. * W. ‘Popplewell (12) Sept. 24. 
- Extended Plant of the American La France Fire Engine Company.* (14) Sept. 25.— 
Moments in Continuous Reinforced- Beams “under Uniform E. 
Spaulding. (13) Sept. 30. 
The Theory of Impact and its Application to Testing Materints. ‘Harry D. Tiemann 
Progress in Methods of Testing Hydraulic Cements. (Abstract of report to the 
‘Inter. Assoc. for Testing Matcrials.) (14) Oct.2, 
7 “The Emigrant Industrial Savings Bank Building, New York. * (14) * Oct. 2. a 
Making Concrete Waterproof. Ira O. Baker, M. Am. Soc. The Techno- 
graph.) (43) Oct. 7; (14) Oct. 9 
Calibration of the 2 400 000-Ib. Hydraulic Testing a of ‘the Phenix Tron Co., : 
at Pheenixville, Pa., by Comparioen with the W atertown Arsenal ‘Emery Ma- 
Structural Frames of the Open- Buildings at Gary.* (14) Oct. 9. 
The Design of Members Subjected to Combined Stresses.* E. L. Hancock. (14) 
Reinforced Concrete Joists with Hollow Tile Fillers.* J. Norman Jensen. (14) 
Expériences sur la Décomposition des Mortiers par les Eaux Sulfatées.* J. Bied. 
Récherches sur la Conductibilité, la Porosité et la Perméabilité asad Matiéres Ré- 
fractaires.* S. Wologdine. (93) June. 
Peintures Sous-Marins et Peintures Tgnifuges. Ch. Coffignier. (93) 
_ La Section des Métaux du Laboratoire d’Essais du Conservatoire | National | des Arts” 
set: Métiers.* Pierre Breuil. (32) July. 7 
Note sur les Injections de Coulis” de Ciment dans" les "Maconneries. * Suquet. (43) 
July 
Equilibre Elastique des Plaques Circulaires Epaisses. Mesnager. (43) July. 
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The Hudson and Manhattan ‘Tunnel System. Vipond Davies. (15) Serial be- 
New Locomotives for the Natal Railway.’ (47) Sept. 17. 
_. The Modern Locomotive Boiler.* John W. Hobson. (Paper read before the ls ae 
Shipbuilders. 8.) (47) Serial 1 beginning | Sept 17 
| Serial beginning Oct. 
Brush Tension. C. W. Squier. (17) “sept. 18 
Electric Power: Equipment for the Cascade Tunnel, Great Northern Ry.* 
ep 
Locomotive Counterbalancing. Vaughan. (Paper read. before the Canadian 
Ry. Club.) (15) Serial beginning Sept. 24; (25) Oct. 
“The Beebe Syndicate Interurban in “Central New York, Construction Fea- 
ures.* (17) Sept. 25. 
Geared Electrical Freight Locomotive ‘for the New York, New ‘Haven & Hartford 
‘Railroad.* (17) Sept. 25; (27) Sept. 23; (18) Sept. 24; (13) Oct. 7. 
Monthey-Champery Railway. * (17) Sept. 25. 
Duluth Passenger Terminal of the Wisconsin Central Railway. + (14) Sept. 25. 
Application of the Traverse Method Railroad Curve Problems. Wm. Clyde 
New Design of Railway Track * (13) Sept. 30. 
Pacific Type Locomotive with Superheater, Great Northern Railway.* (28) 0 Oct. 
Special Bogie Wagons; London and Northwestern Railway.* (21) 
_Four-Speed Three- Phase Locomotive for the (11) Serial begin- 


Reeds of Colorado.* (17) 0 Oct. 
Electric Railways of San Francisco and its Environs.* (17) i Oct. - 


The Electric Railways of Utah.* (17) Oct.2, 
Rotterdam-Haag-Scheveningen Railway.* (17) Oct. 2. 


1200- Volt D. C. Car Equipment. 
Amer. Street and Interurban Ry: Eng. ens (17) Oct. 7. 
| 7” Car Weights as Affecting Operating Cost.* M. V. Ayres. (Abstract. of paper read ; 
_ before the Amer. Street and Interurban Ry. Eng. Assoc.) (17) Oct. 7. 
Recent Developments in Railway Motor Control. Clarence Renshaw. (Abstract of : 
r ‘paper read before the Amer. Street and Interurban Ry. Eng. Assoc.) (17) Oct. 7. 
= Heat- Treated Carbon Steel Axles. J. S. Doyle. (Abstract of paper read before the 
Amer. Street and Interurban Ry. Eng. Assoc.) (17) Oct. 7. 
Report of Committee on of report to the Amer. Street and 
Interurban Ry. Eng. Assoc.) (17) Oct : 
The Signals in the New Tunnels of the Hudson & Manhattan ‘Ry. i. J. Leisenring. y. 
Mallet Articulated Compound Locomotive Built by the C. P. R. 9. 
The New Soo Line Terminal in St. Paul.* (14) Oct.9. 
‘Sur le Relevé du Profil Intérieur des Ouvrages sur Rails.* Goupil. (43) ‘July. a 
_ Aération des Souterrains; Construction du Souterrain de Présailles sur la Ligne du 
 - Puy a Nieigles- Prades; Réclamation de la Compagnie Paris-Lyon- Méditerranée 
contre une Décision Ministérielle du 11 Novembre, 1908. (43) July. 
Locomotive- Tender Compound a Chaudiére Aquatubulaire et A Huit Roues 
_. des Etablissements du Creusot.* (33) Aug. 28. 
Appareils pour le Réglage de la Distribution des Locomotives. oe (34) Sept. 7 | 
Application de l’Auto-Combinateur “M. D. M.” pour la Commande par Fluide et ae 
ie l’Enclenchement des Aiguilles et des Signaux & la Cabine No. 11 de Paris- semua 
(Garage du Landy).* Albert Moutier. (38) Sept. 
Note sur les Chemins de Fer de l’Afrique Occidentale — R. Godfernau ux. “J 


pression de l’Air.* L. Pierre-Guédon. (33) Sept. 11. 


La Traction Electrique 4 Courant Continu et a Intensité Constante.* —— 8) Sent 18. 
Neue Elektrische Gtiterzuglokomotive der Italienischen Staatsbahnen.* von 
 Kando. (48) Serial beginning Aug. 7 = 
Die Rillenschiene, Ihre Entstehung Entwicklung.* Philipp Fischer. 
Wagen- und Lokomotivschuppen der Salzburger -Gesell- 
; schaft.* Franz Béhm. (78) Sept. 1. 
Die Verladung von Massengiitern im EHisenbahnbetrieb.* Prof. Aumund. (48) 
Serial beginning Sept. 4. ce 
_ Versuche mit Durchgehenden Selbsttitigen Bremser bei Giiterziigen. 
Rihosek. (53) Serial Sept. 24. 
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The Central Repair Depot of the London County Council Tramways. W. E. Ireland. 
(Abstract of paper read before the Mun. Tramways Assoc. (73) 24. 
‘The Denver City Tramway System.* (17) Oct.2, = |. 
The Stations of the St. Tunnel, Boston, — 


Neuere Systemformen im Bi Franz Czech. (50) Aug. 


Sewage Plant at Seneca Falls, New York.* (14) Sept. 11. 
Some Methods of Sewer Tunnelling in Cities.* Alfred E. Snape, Assoc. M. Inst. C. E. 


_ (Abstract of paper read before the Inst. of County and Mun. Engrs.) (86) 


Data on Methods and Cost of Cleaning Catch Basins, Obtained from Practice in the 
Finance Comm.) (86) Sept. 15. 
The New Sprinkling Filter at Reading.* (14) “Sept. 
History of of Tenn. Bell. (From Civic Affairs. ) 
ct. 
The Cost of Concrete oe. Brick . Oct. 6. 


A Co 


mmittee Report on Sewage Disposal in the ames States. (86) ah 6. 


q Structural. 


Wood Preserve ation. n.* (Report of Comm. Amer. Ry. Eng. and M. of Ww. Assoc.) (85) 


The 


The 


(Report of Comm. Amer. Ry. and M M. of Ww. Assoc. (88) Vol. 


“10, Pt. 2. 
Reinforced Concrete Foundations tor Stamp Batteries. es.* s. and John 


x Fuller. (74) Vol. 18. 
‘Setting of Portland Cement, with ‘Description of ‘Adopted for 
the Same. =H. K. G. Bamber. (Abstract of paper read at the Concrete Inst.) 

Behaviour of Ductile Material under Torsional — _C. E. Larard, Assoc. 

M« Inst. C. E. (Paper read before the Brit. Assoc.) (11) Serial — 
‘Sept. 3. 


Reinforced Concrete Columns.* W. Noble Twelvetrees, M. I. Mech. E. Serta 


_ The Design and Construction of Forms for Concrete Work . (86) ‘Serial beginning 


A Note on the Deflection due to Shear.* W. C. 24. 
_ Extended Plant of the American La France Fire Engine Company.* (14) _ Sept. 25. 


nents in Continuous Reinforced-Concrete Beams Loading.* 


_ Spaulding. (13) Sept. 


The Theory of Impact and its ‘hpeeenennee to Testing Materials. a Harry D. Tiemann. 


} Progress in Methods of Testing Hydraulic Cements. eeinas of report to the 
Inter. Assoc. for Testing Matcrials.) (14) Oct. 2. | 


The 


Emigrant Industrial Savings Bank Building, New York. * (14) Oct. 2. 


_ Making Concrete Waterproof. Ira O. Baker, M. Am. Soc. 3 E. ” (From The Techno- 


graph.) (43) Oct. 7; (14) Oct. 9. 


of the 2 400 000- lb. Hydraulic Testing “Machine of the Phenix ‘Iron Co., 


at Phenixville, Pa., by Comparison with the Watertown Arsenal Emery Ma- 


Structural Frames of the Open-Hearth Buildings at Gary.* (14) Oct. 9. 
Design of Members Subj¢¢ted to Combined Stresses.* E. L. 


Oct. 9. | 
Concrete Joists with Hollow Tile Fillers. J. Norman Jensen. 


Oct. 9. 


sur ‘Décomposition des Mor Mortiers per les Baux Sulfatées.' . Bied. 


. 
Récherches sur la Conductibilité, la Porosité ‘Perméabilité des 


Peintures Sous-Marins et Peintures Ignifuges. Ch. Coffignier. (93) J June. ile. 
La Section des Métaux du Laboratoire d’Essais du Conservatoire National des Arts 


et Métiers.* Pierre Breuil. (32) July. 


Note sur les. Injections de Coulis de Ciment dans les” Maconneries. (43) 


July 


Equilibre Elastique des Plaques Circulaires. Epaisses. es, Mesnager. July 
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‘Structura — (Continued). 


Essai de Dureté des Chee et Ciments par la Méthode de la Bille son nies pour 
_ _ la Détermination de la Prise et du Durcissement.* Laborbe. (93) Sept. _ - 
Rahmenkonstruktionen und deren Berechnung im Neubau Konditerei in — 
Heben und Verschieben von Gebiuden.* F. M. Feldhaus. (53) July 80. 


Bisenbeton- Konstruktionen der Stadtischen Miillverbrennungs-Anstalt in 
al furt a. M.* Ké@lle and others. (Extract of paper read before the Deutsche 
Beton-Verein.) (51) Serial beginning July 31. 


Kalkaluminate und Mértel. (80) Aug. 7. 
Bericht des des 8 Ziegelel- Berufsgenossenschattes. (80) 
Schmelzversuche zum Nachweis des der Chemischen Zusammensetzung, aut 
 Hydraulizitét der Schlacken. H. Passow. (50) Aug. 18. 
Ueber die Knickfestigkeit von Staben Verdnderlichen Triigheltsmomentes. 


Bericht des Bindezeitausschusses des Vereins Deutscher Portlandzement- 
Bar beim Abbinden von Portlandzement. (Report of Verein 
deutscher Portlandzement-Fabrikanten.) (80) Aug. 31. 
- Griindung des Kiihlhauses beim Neubau des Dresdener Schlacht- und Viehhofes im 
Ostragehege mit Hisenbetonpfihlen. Th. Gesztessy. (78) Sept. 1. 
Stampfmaschine fiir Beton-Probekérper. (51) Serial beginning Sept. 8 
Moderne Fabrikbauten in Armiertens Beton. Hugo Gréger. (53) Serial b beginning 
Sept. 10. 
Die Probebelastung einer Bulbeisendecke (System Pohimann), 7 
“f nebst Untersuchung des Genauigkeitsgrades einiger fiir die Durchbiegung von © 
Bisenbetonbalken Angegebenen Formeln. G. Kaufmann. (78) Sept. 
Erhartungsprozess der Kalkhaltigen Hydraulischen Bindemittel.* Sept. 


Water Supply. 
Water Service.* (Report of Comm. Amer. Ry. Eng. and M. of W. Assoc, 
— Steam- Driven Pumping Plant for Deep Wells and Boreholes. Alfred ‘Towler, M. I. 


Mech. (Abstract of paper read before” the of Water Engrs. (66) 


_Hydro- Electric Development of the Connecticut River Company.* @ “Sent. 7 


‘The Flow of Water in Pipes, Culv erts, and Channels.* Ernest (Paper 


read before the Inst. of County and Mun. Engrs.) (96) Sept. 10. 
Baw” Supply and Purification. T. Aird ‘Murray. (Paper read before Convention | 
The Hydro-Electric Power Plant at Svalgfos, Norway.* (14) Sept. 11 7 
‘Irrigation Works of the United States Government. (12) ~ Serial beginning Sept. 17. 7 
The Construction of Additional Sand Filters at Pittsburgh.* (14) Sept. 18. Kaci 
The 72-Inch Steel Pipe Line of the Brooklyn Water Supply.* (14) Sept. 18. a 
‘The Construction of the Hydro-Electric Development at Kilbourn, Wisconsin. * (14) 


ie Failure of an Irrigation Dam.* Richard R. Lyman. . (14) Sept. 1. 


The Toronto Water Purification Works.* (14) Sept. 18. 
Gagings of Small and Large Pipe on the Los Angeles Aqueduct System. 4 J. B. Lip- | 

_ The Recent Floods at Monterrey, N. L., Mexico. iil G. R. G. Conway, M. Am. Soc. 
Vernon, Vt., Hydroelectric Development.* CC. EB. Bascom. (64) Bept. 23. 
of Devices for the Sand of Slow Sand Filters.* M. Nichol 


fle.* Frederick Hall Fowler. (13), Sept. 


Features of the Canadian Pacific Irrigation Project.* (60) Oct. 
New Water Filtration Plant for Toledo, O. B. M. Baker. (60) Oct. : 

Extensions of the London Water Works. ° 6H. B. Drew. (14) Oct. 2. 

The Construction of the Barker Dam near Boulder.* (14) Oct. 2. “ 

The Iron-Lime Process of Water Purification. C. Arthur Brown. — ee 

Tread before the Central States Water Works Assoc.) (14) Oct. 

The Municipal Hydro-Electric Works for Winnipeg. e (14) Oct. 9. 

Zur Berechnung der Staumauern.* Schaffer. (81) Vol. 5, 1909. | 

Die Hochbauten der Gruppenwasserwerke in der Proving Rheinhessen. = 

(49) ) 8 = 2 
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Wasserschlage in Rateau. (From the “Bulletin Scientifique 
l’Association des Eléves des Spéciales,” 1909.) (97) Serial 
7 ‘Zur Klarung der Stosswirkung des Wassers und des § encanta in den Turbinen.* 
Die Abhangigkeit des Wirkungsgrades der Wasserturbinen von Gefiille, Wasser- a 
Wwarme, Turbinengrésse und Rauheit der Kanile. Dr. Camerer. | Sept. 18. 
Beitrag zur Theorie der Zentrifugalpumpen. G. Zerkowitz. (53) Sept. 24. perieds 
Water- Front ¢ of New York City. Bensel. (6) July. 
a. Widening the American Canal at Sault Ste. Marie.* (14) | Sept. 1. 
The Lock Gates of the Panama Canal.* | (13) ‘Sept. 16. 
The Waterways and Waterfalls of Finland.* (12) gent. 17. 
Ps Improvements in the Navigation of the St. Lawrence. Wm. P. Anderson, — Sites 


Can. Soc. C. E. (Paper read before the Brit. Assoc.) (11) Sept.17. | 
- Construction Plants for the Pacific Locks of the Panama Canal.* (14) Sept. 25. a 


zi 


Notes on the Panama Canal, Past and Present.* H. F. Hodges. (Abstract of paper © 


read before the Engrs. Soc. of Penn.) (13) Sept.30. | 
_ xe Congrés International de Navigation tenu 4 Saint-Pétersbourg en 1908; aeseeet 
des Délégués Francais sur les Travaux du Congrés. (43) July. 
Les Ports Maritimes de la Turquie, Ports Existants et Ports Projetés.* Louis Godard. 
: Einiges aus der Geschichte und dem Bau des Suezkanals. Heidegge _" of 
read before the Architekten- und -Verein far Niederrhein und 
Westfalen.) (51) June 12. 
Die Neuen im Stettiner (78) July 22. 


*Tilustrated. 
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Hatt, Olaf Hoff, Richard L. Humphrey, Robert W. Lesley, Emil shanna - N. Talbot, 
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This Society is not responsible as body, for the facts and and advanced 
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SOCIETY 


CONTENTS 
Of the Society, October 20th and November 3d, 1909 ‘ 
the Board of Direction, November 


a Announcements: = 
Hours.during which the Society is 
Annual Meeting 
List of Nousiness for Offices to be filled Januar 
_ Meetings of the San Francisco Association of Members, Am. Soc. C. E... 
_ Papers and Discussions 
of Engineering Societies Extended to 
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Membership (Additions, Changes of Address, Resignations, 456 


; 
‘OF THE SOCIETY. 
_w.k 
Talbot, 
meeting was called to at 8. 30 Pp. MS 
LA. L. Bowman, M. grat E., in the chair; Chas. Warren Hunt, 
Secret tary; and present, also 106 members and 20 guests. 
paper by Chester W . Larner, Esq., entitled “Characteristics of 
Modern Hydraulic Turbines,” was author, and illus- 


The a communica; 


a 
3 


ben 
¢ 
George € 
= 
Sundays, tion on the subject trom Lewis 
ussed orally by Messrs. E. Kh 
= ime, John C. Parker, W. G. Moler, and the author. 


‘MINUTES OF “MEETINGS 


November 3d, 1909. The meeting was called tc to order at 8.30 P. 
George W. -Tillson, ‘Director, , Am. Soe. in the chair; T. 

McMinn, “Assistant Secretary, acting as ‘Secretary ; and “present, al also, 
A paper by T. Howard Barnes, M. Am. Soe. C. E., entitled “The 
Reinforced Conerete Wharf of the ‘United Fruit. at Bocas 
del Toro, Panama,” was presented by the author, and illustrated with 
aa ; a lantern slides. A communication on the subject from John Hawkes- 
Assoc. M. Am. Soc. C. E., was read by the Assistant Secretary. 


paper by J. A®Lahmer, M. Am. Soe. O.E. , entitled “River 


tection Work on the Kansas City Southern Railway 


den, 
Okla., ” was presented by the “Assistant Secretary. 
Assistant ‘Secretary announced the following deaths 


GEORGE THoMas BarNSLEY, elected Junior May | 31st, 1892; Asso- 
ciate Member, May 7th, ; Member, February 6th, 1906; died 


Fister, elected Junior ad, 1889; Associate Member, 


L Gowen, elected March th, 1888; “died 


PARKER, elected Member, March "th, 1900; died September 
MonTony, elected J unior, May 3d , 1892; 
Member, February 5th, 1896 ; died October 


ELECTIONS BY THE OF DIRECTION 


a The dient candidates for ‘membership were elected on the ballot 


canvassed 2 November "8th, 1909: 


ks Howarp ELMER ARTHUR, Dallas, | Tex. 


Bensamin Grecory, New Orleans, La. 
-ScHUYLER Brusu Knox, ‘New York City. 
M ADISON JOHNSON Lorraine, Berkeley, Cal. 
Cuton LyTER ScHERer, Beaumont, Tex. 
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Prrers Back, Charleston, W. Va. 
Bor LER BENNETT Boyp, San Diego, Cal. 
Frank Mitton Carwart, Boise, Idaho. 
Morean Omtery, Pasig, Philippine Islands. 
FRANK JosePH Couns, ‘Syracuse, 
Ww ALTER ERE Dent, Greenville, S. 
Danten BarTHotoMew Donovan, Rome, N. Y. 
Duper, Lake City, Utah. 
, Mich. 
ILLIAM FARLEY, Berkeley, Cal. 
Win LIAM ABBOTT Flazarp, ‘Buffalo, N. 


ENGELBERT ConraD LAWRENCE, Newport 
CLARENCE Burton Lona, Fort Shaw, Mont. 
ALrRED BoarpMAN Mayuew, Boise, Idaho. 
Grorce Naruan Mircuam, Auburn, 
-Freperick EpGar Morrow, Chicago, Ill. 
ARTHUR Traver Newman, New York City. 


THEODORE Wurre Norcross, Mundale, 

‘BERT Fr. ANCIS PLoox, Mayville, Wis. 

Ruscu, St. Louis, Mo. 

E DWARD DC HARLES 


Erik Bircer LunpD Unarr, Mexico, D. F,, 
Epwarp- “MANSFIELD WALKER, Detroit, ‘Mich. 
Marvin Curtis Austin, Tex. 
Juuius WemMuincer, Brooklyn, N.Y. 
Davip Miner ‘Wurre, Midland, Tex. 


LESTER Wi LIAMS, Milwaukee, 


ALLERTON SEWARD CusHMAN, Washington, D.C.) 


ALTER Bensamin Busway, Cambridge, 
C. Carpenter, Watertown, S. Dak. 
LAWRENCE CHANDLER, New London, 
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GEORGE Desan, Fla. 
GLEN -Epaar Epcerton, Culebra, Canal Z Zone, Panama. 
OBERHOLZER Ging Hibbing, Minn. 
Pau GranaM, , Albany, N. 
Paut Haney, New York City. 
CHARLES ELLSWworRTH Haywoop, Mariner Harbor, 
Ricuarp Hazen, Yonkers, N. 
Geppes Kine, Pottsville, 
Jorn RayMOND LapHaM, West Medway, Mass. 
OLI iver YEATON Leowarp, Guayama, Porto Rico. 
in NeuHarpT, Memphis, ‘Tenn. 
WALTER VANDERBELT Scorr, Hudson, 
‘GRAHAM SHANKLAND, ‘Chicago, 


Orro Jorpan Swensson, Yorktown Heights, N. 


Rosert Lee Tatum, Rosedale, Miss. 


Narnan THomas Veatou, Jr., Kansas sas City, Mo. 


RENCE Lewis WINANS , Mexico, Mo. 


FROM Assoctare MemBer To 


Nae Netson Hazen, Newark, N. J. 
Grorce ALBERT McKay, North Chicago, Ill. 

GEORGE ‘Wapswortu, Boston, Mass. 


Auston Yuu. LE, Mobile, Ala. 
TRANSFER FRoM ASSOCIATE TO 


DWAdD JOHN ScHNEIDER 


Gomer Davies, Willows, Cal. 
Oscar Hasprovck, Cohoes, N. Y 

ONATHAN Y ates Hiaainson, New Rochelle, N. 
PALMER Hovey, Salt Lake City, Utah, 
STAPLES Maven, Vv icksburg, Miss. 

AMES Henry Miner, “Montrose, Colo. 


Guy ANDERSON Little Rock, Ark. 
GEORGE Cartyue Wr HITING, Baltimore, Md. 
Ropert Waure ER Woop Mariner 
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(Abstract) 
‘November 8th, 1909.— Bates in chair; 
Hunt, Secretary, and present, also, Messrs. Andrews, 
Brackett, Christie, C ‘hurehill, E ndicott, Harrison, Hazen, Hodgdon, 


Horton, , Kittredge, Knap, Noble, Pegram, Schneider, Stuart, Swensson, 


¥ 


communication was received from V. Ani, “Soe. 

Cc. 3 who was nominated by the Nominating Committee for the office 

of Director, representing District No. %, stating that he expects soon — 

to move out of that district, and therefore cannot be. a candidate for- aes 
; that office. Ih accordance with the Constitutional provision, the ee 
filled the: vacancy caused by Mr. Bogue’s inability to serve by sub- 
Arthur DeWint Foote, M. Am. C. E., of alle 


Soe. C. E., J. O. Van hh idea Soc. C. E., and Houston Lowe, 


Applications were and other routine business transacted. 

Adjourned. 
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Members, 1 Associate, and 28 Juni — 
1e transfer of 6 Associ ate, and 8 Juniors, and — 

Associate to the | rrade o = 


New ‘Tunnel Extension of the Pennsylvania Railroad: The 


The House of the Society is open’ from 9 A. 


"ANNOUNCEMENTS 


every day, Fourth of July, Thanksgiving Day, 


ex 


ia December ist, 1909.— f.—At this meeting a paper by James 
. Brace and Francis ‘asen, Members, Am. Soe. ©. E., entitled “The 


Cross- -Town Tunnels, will be presented for discussion. 7 
Jin 


This paper was sca in Proceedings for October, 1909. _ 


1909.—8.: 30° P. M.—At this meeting two ‘papers 
will be presented for. as follows: “The New York Tunnel 
Extension « of the Pennsylvania Railroad: The East River Tunnels, * 
by James H. Brace, Francis Mason, and S. H. Woodard, Members, = 
Am. Soe. C. E., and “The New York Tunnel Extension of the Pennsyl- §& 7 
vania Contractors’ Plant for East River by Henry 
The paper by Messrs. Brace, Mason, and Woodard w was i in 
Proceedings for October, 1909, and Mr. J app’s paper i is eo this 
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ae _ January 5th, 1910.—8. 30 P. M.—At this meeting a a paper on Horace 


for discussion. 


he Business Meeting will be called to order at 10 0 "clock on ‘Wednesday 
morning. The ‘Annual Reports will presented, officers” for the 


from the Nominating and a copy “of this 


J. Howe, M. Am. Soc. C. E., entitled “Notes on the Replacing of the | ( 
Superstructu of the Ha Canal = be presented ‘ 


_ The Fifty-s seventh | Annual Me ting will be held at t ei Society 


House, on Wednesday and Thurs ay, January 19th and 20th, 1910. 


ensuing year elected, members of the Nominating Committee appointed, 
- Reports of Special Committees presented for discussion, and other busi- 


LIST OF NOMINEES FOR OFFICES TO BE FILLED aia THE 


ANNUAL ELECTION, JANUARY 19th, h, 1910, 


In the October number of Proceedings the list of nominees the 
offices to | to be filled at the Annual Meeting, January 19th, , 1910, received 


list had also previous] 


Virgil G. Bogue, 
a - subsequently notified the Board of Direction that it was his intention 
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which he could not be a Director from district. > 
‘The Board of Direction, under the authority vested in it by the Lay 
7 Constitution, has substituted the name of Arthur DeWint Foote, ae 4 


i Am. Soc. C. E., of Grass Valley, Cal., for that of Mr. Bogue as the 
nominee for to represent ‘District No. 7 for the next three 


MEETINGS OF THE SAN FRANCISCO ASSOCIATION OF 


San Francisco Association of Members of the American Society 
Civil Engineers holds regular bi-monthly meetings, with banquet, 
ers | and weekly informal luncheons. : ‘The former ar are held at 6 P. M M., at the 
nel Fairmont Hotel, on the third Friday of February, April, June, August, 
ls, 4 October, and November, and also on the third W jednesday of December, 
ers, the: latter being the Annual Meeting of the Association. 
sy Informal luncheons are held at 12. 15 Pp. M. every ‘Wednesday, 
‘the place of b d by comm vith the 
plac meeting may be -ascertaine communicating w t 


7 Secretary of the Association, E. T. Thurston, Jr., Assoc. M. Am. Soc. 


The by- laws of the Association for the extension of 
tality: to any members of the e Society who may be temporarily in Sen pe a 
Francisco, and any such member will be gladly welcomed as a guest 


of the Association at any of the above meetings, if if notify the 


The first three volumes of ransactions for 1909 (Volumes ix 


Society By It is hoped that members and others who take part in the « dis- ie eS 

h, 1910. of the papers presented will revise their remarks pr promptly, 2 

dnesday oe that all written communications from those who cannot attend — 
Bese 


for the the “Ineetings | will be sent in at the earliest possible date after the issue oe 
pointed, % of a a paper in Proceedings. _ The issue of volumes of Transactions is an 


her busi- dependent on the closing of discussions, and the co-operation of the 

a membership will now be more necessary in this matter than heretofore, peer *s 
= because four volumes | are issued during the year, instead of 
THE and, to” accomplish this, a definite date of issue for each has to be ats Se 


© 
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Papers, ¥ which, from the their general nature, to a 
ter 

isco, Cal, 


intention 
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3 
4 
— 
lorace 
sented 
| 


Society, and, on these, as as 


All papers which do come that is 
‘those which, from their or technical “nature, in the 
- opinion of the Committee, are 


Wis 


published i: in in the s same manner as which 
ee be presented at meetings, but written discussions, only, will be oe 
quested for subsequent publication in Proceedings and w ith ‘the 
PRIVILEGES OF ENGINEERING | 
EXTENDED TO MEMBERS OF > 
SOCIETY OF CIVIL ENGINEERS 


| 


comed by the follow! ing oth to. the use 


Associagéo dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 


‘Mining Engineers, Melboume, Victoria, 


3 Boston Society of civil 715 Tremont Boston, 


Engineers’ Club, 197 Montague Street, Brooklyn, N.Y. 
Canadian Society of Civil 413 Dorchester Street, West, 
he Civil Engineers’ Society St. Paul, St. Paul, ‘Minn. 
Cleveland Engineering Society, 718 Caxton Building, 


"Cleveland Institute of ‘Engineers, Middlesbrough, England 


‘and Architects’ Club of Louisville, Ky., 303. Norton 

Building, Fourth and J efferson § Streets, Louisville, Ky. 


‘Engineers’ Club— of Central Comer Second 

: Engineers’ Club of Minneapolis, 17 South Sixth Street, Minneapolis, 

‘ Engineers’ Club of Philadelphia, 1317 Spruce Street, Philadelphia, Pa 
Engineers’ Club of St. Louis, 3817 Olive Street, , St. Louis, Mo. a i 
Engineers’ Club of 96 King | ‘Street ‘Toronto, Ont, 


| 
; 
a9 
— 
| 
— 
— 4 
7 
a 
In 
th 
ha 


ing, 
pry Marine 58 Romford Road, Stratford, Lon- 
of Engineers River Plate, 3uenos Aires, Ar- 


Westminster, 


Memphis Engineering Society, Tenn. 


Midland Institute of Mining, Civil and Mechanical 


Montana of Engineers, 


oston, Pacific Northwest Society of ‘Engineers, 617, Pioneer 
Sachsischer -Ingenieur-— und -_Architekten-Verein, 


Sociedad Colombiana de -Ingenieros, Bogota, Colombia, 
‘Societe des Ingenieurs: Civils de — Blanche 


Society of E Engineers, 17 Westminster, Ww. 


Svenska Teknologtoreningen, 18 Stock, 


_ Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. bos 


fn January, 1902, e 

Pa. in the Library, ‘upon request, and to charge therefor the. al cost to 
So. on es E Society for the extra work required. Since that time many searches _ 
— have been made, and bibliographies and other information on 


ey 


Ali 
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a S.W., London, England. = d 
Instituut van Ingenieurs, The Hagu 
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EB 
| 
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J. Burt, 
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‘The resulting s satisfaction, 
ne resources of the in this manner, has been 
quently, : and leaves little doubt that, if it were generally known to the 
embership that | such work would be undertaken, would avail 


The cost is compared with the value time me of 


engineer who looks up such matters himself, and the work can 


performed quite as well, and much more quickly, by ’ persons: fami iar 
asking that such work be undertaken, members should specify | 
clearly the subject to be covered, and whether references general 

‘books only are desired, or alee a complete bibliography, oe 

through periodical literature, is desired. 


In reference to the Appendix” to Annual Report of 


tains a summary of all to that date. 


SOCIETY OF ENGINEERS 


(Abstract of Min 1utes of Meeting) 


The recent failure of the hydraulic- fill dam at was 
discussed by, Messrs. Adams, Wise, Galloway, Hyde, ' Wadsworth, and 


The attention of Members of the 


September | ath, 1909.— —The regular meeting the ‘Colorado Asso- 

ciation of Members, Am. Soe. C. E., was called to order at 8 
HH. §. Crocker, President, in the chair; H. J. Burt, Secretary; and 


present, also, 14 members and 2 guests. 


20 (January, 190%). 


| 

— 

— 

— 

— 

— | 
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i = ue: ASSULIA TIONS OF VME VIBE | 

= loway, Vice-President, in the chair; M. C. Couchot, 

— 

— 

— 

— 

— 


The paper by John C. Hoyt, M. E,, on “The Use 
zi Care of the Current Meter, as Practiced by the United States Geologi- 4 


ia ‘eal Survey,” w: was discussed by Messrs. D. G. Thomas, Walter Pearl, and © 


4 ae he paper by James H. Fuertes, M. Am. Soc. C. _E., on ee Puri- 
fication of the Water Supply of 

Messrs. George ' T. 

Joseph A. Sargent. 


tion of Members, ‘Am, Soe. 0. E., at Platte Filte 


the plant, supper being served at 6 P. M. 
The meeting called to o rder. at 8 P. M., H. Burt, 
- Treasurer, in the chair; Mrs. D. G. Thomas, Nenntaes pro tem. ; and 


present, also, 21 members and 48 guests. eigen a: 


A paper describing the Slow Sand Filter Plant at 7 
was presented by George T. Prince, M. Am. Soe. 
Maloney, M. ‘Am. Soe. C. E., 


tion of the } Filter Plant 
After” a few remarks by Mrs. riest, one of the visiting 


M. Am. Soe. C. E., described the Distribution of Water 


By special request, Mr. DeBrera ard, Chemist. for The Denver Union 
Water Company, explained the chemical and bacteriological qualities — 
of the water, exhibiting ‘samples i in different degrees of turbidity kin ies 

E. C. Van Diest, of Colorado Springs, Colo., gave a a brief 

description: of the water supply of that city. 


- resolution: of thanks to The Denver Union Water sista for 
the courtesies, entertainment, and descriptions of the Filter 


im 

1e members and their guests 

if ests left Denver at 2.30 p. mM. by special _ 

‘ 

- 
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cals TO THE LIBRARY 


ACCESSIONS TO THE 


October 12th to November 8th, 1909) 


"Materials, Construction, and ‘Design of aa Reinforced 


eet Concrete, with Chapters by R. Feret, Wiliam B. Fuller, Frank P 
McKibben, and Spencer_ B. Newberry. By Frederick W. Taylor 
Sanford Thompson, M. Am. Soc. E. Second Edition. Cloth, 

is, 9 x 6 in., illus., 18 + 807 pp. New’ York, John Wiley & Sons; London, — 

Chapman & Hall, Limited, 1909. $5. 00 (Donated by Sanford E. 


‘The preface to the first edition of this published in 1905, s states each 
‘eae has been submitted to at least one, and, in some cases, three or four 
_ specialists in the particular line treated. “In the present edition, the aim, the _ 
authors state, has been to cover the developments in the design and construction | 
of reinforced concrete since the first issue of the work. To accomplish this, more 
than two hundred pages of entirely new text and tables have been added, giving, 
the authors claim, to the constructing engineer, the architect, and the contractor, — 
data for design and for building, and to the student a comprehensive and prac- — ; 
‘tical text and reference book. ‘ The authors direct special attention to the out, 


ie 


Chapter I, in which many of the essentials of concrete construction are pointed out 
and the reader warned against the serious errors frequently made in this field 
to Chapter III, which contains the Revised Specifications for Cement and Concrete : 
to Chapter IX, on Proportioning; to Chapters XIV and XV, on Mixing and Deposit-_ 
_ ing, and to the greatly enlarged Chapter on Reinforced Concrete Design. The list — 
of references in Chapter XXXI has been increased, it is stated, more than 50%, < 
new references having been carefully selected the — 


= the issue of first — 


I.C. Johnson. Paper, 9 x 6 i 27 p pp. > City, 
., The Cement Record Co., 1909. 50 


‘The: author claims to be the ‘inventor and pioneer of the Portland cement in- 
austry, and describes the process of its it was invented, how de- 


oe, By John C. Trautwine. Revised by John. C. Trautwine, Jr., Sie: 
Am. Soc. C. E., and John C. Trautwine, 3d . Nineteenth Edition. _ 
Morocco, 63 x 4 illus. 300 pp. New York, John Wiley & Sons; 
London, Chapman & Hall, Limited, 1909. 00 net. (Donated by 


ae The first edition of this work, of which the present edition is ‘the nineteenth, 
appeared in 1872 and the eighteenth edition in 1902. The preface to the present 
edition states that it has been extensively revised, and that about 300 pages of new — 
material have been added. It further states the’ most notable of the new features — 

_to be the series of articles on concrete, plain and reinforced, including cement, | 
sand, and mortar. The revisers characterize all this matter as entirely new, as far 

‘as the Pocket Book is concerned, though by no means original, their object being 

to present, in convenient and ‘condensed form, the essentials of existing practice 
and opinion on these subjects. The articles’ “Selected Results of Experiment and 
Practice” and ‘Digest of Specifications” are especially mentioned as containing, in 
a revisers’ opinion, a more complete and more conveniently classified presenta- 

- tion of modern concrete practice than is to be found elsewhere in equal space. This 

: edition also contains the table of six-place “Logarithmic Trigonometric Functions” 
3c ae William H. Searles, M. Am. Soc. C. E., and the diagrams representing the prin- 
results as to. ‘flow of water in pipes and conduits given in ‘Hydraulic 
eh Tables,” by Gardner S. Williams and Allen Hazen, Members, Am. Soc. C. BE. The 
=a Price List, the Business Directory, and the Bibliography are stated to have been 

: a thoroughly revised and brought as nearly up to date as practicable in a work of 
e this character. The glossary of engineering terms has Veen dropped. The Contents 
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eres Natural Phenomena ; 7 Mechanics, in Rigid Bodies ; Strength 
of Materials ; Hydrostatics ; Hydraulics ; Constructions, etc. : Water Supply; Test 
and Well Boring; Rock Drills; “Traction, Animal Power; Trusses; Suspension 


Bridges ; Rivets and Riveting ; Railroads ; Materials ; Price List, ete. ; “Bibliography ; oe 
Logarithmic Sines, etc.; Concrete ; Index. 


a. rautwine, 3d. Reprinted from Trautwine’ 8 “Civil Engineer’ s Pocket- 2 
ook,” Edition. Cloth, x 63 in., T+ 188 pp. New 


WHEN RAILROADS WERE NEW. | 


Charles" Frederick Ww With Introductory Note by Logan 
G. McPherson. Cloth, 8? x 54 in., illus., 12 + 324 pp. New York, 
Henry Holt & Company; London, George Bell & Sons, 1909. $2.00 net. ; 


In this volume an attempt has been made, states the author’s preface, to gather 
i‘ the floating fragments of railroad history, having a human interest, into a coherent i 
= narrative of the work-a-day trials of the pioneers in the planning and building of 
the railroad, which will be neither a dry historical treatise nor a colleetion of 
anecdotes. The author expresses the hope that, although the subject-matter is 
not comprehensive in the sense of including details of all the early railroads, o q 
. even of all the important ones which have survived, it may be found to be suffi- — 
ciently comprehensive to present a picture of the development of the railroad in 
“ie ben under various representative types of conditions. Much of the material _ 
has been published in a series of articles in the Railroad Man’s Magazine. The ins 
4 _ Contents are: Introduction; The Dawn of the Railroad Era; America’s Pioneer Rail- 
‘7 le Early Days on the Erie; Pennsylvania and the Pennsylvania Railroad; 
Genesis of the Vanderbilt System; Incubator Railroads; The First Transcontinental 


ft Railroad ; Through Tribulation by Rail; Romance of a Great Railroad ; 


x 44 in., illus., 231 pp. New York, The Heating and 


Lighting Co., 1909. $1. 00. (Donated by the Compiler. 


rc ‘The foreword characterizes this book as ‘ ‘extracts from the Compiler’s note- 


book.’’ The Contents are: General; Electricity; Lighting; Steam; Heat and Heat- 
ing; ‘Traction ; ; Pipes and Tubes; Hydraulic ; Index. 


P 


FOW 7 MECHANICS’ AND MACHINISTS’ POCKET- ‘BOOK AND 


Synopsis ‘of Practical Rules for Fitters, 

tors, Pattern Makers, Foundrymen, -Draughtsmen, 
B Students, ete. Edited by William H. Fowler. Second Edition. Cloth, 


63 x 34 in., illus., 95 + 448 pp. Manchester, England, Scientific Pub- 


‘The contents of the present edition of this work are “a, by the editor, to have | 


been revised and amended so as to bring it abreast with the latest practice, and a 
humber of additional tables and new data have been added. The Contents are: me 
Index: Handy References and Tables; Mensuration, Geometry, and Trigonometry : 
Uses of Logarithms and Antilogarithms ; Materials Used in Machine Construction; 
Machine Tool Design; Proportions of Machine Tool Parts; Metal Cutting Tools; 
High Speed Tool Steels ; Drilling and Boring Metal; Screw Threads, Screw Cutting, 
and Taper Turning; Emery and Emery Wheels ; Shop zeae; 

nd Rope Driving, § ing ; d 


By Professor Roberto Musu- oy. Boards, 6x 43 in. 


Pp. Milano, Ulrico Hoepli, 1909. lira. 50 centimes. 
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Term ex} expires January, 1: 1911; 
MORDECAI ENDICOTT GEORGE H. PEGRAM 


| GE WA N EMIL SWENSSON | 
SWAIN 
CHARLES WARREN HUNT 


Term expires January, ‘Term expires Ja nuary, 


ALLEN HAZEN HARLES L. HARRISON FRANCIS LEE STUART 
GEORGE W. TILLSON— GEORGE Ww. KITTREDGE SAMUEL C. THOMPSON 
FRANK W. HODGDON DEXTER BRACKETT | WILLIAM G. WILKINS 
JAMES CHRISTIE HORACE ANDREWS ARTHUR N. TALBOT 
HORACE E. HORTON GARDNER 8. WILLIAMS WILLIAM M. GARDNER 
ARTHUR L. ADAMS CHARLES 6&. A. SUMNER 


(THE PRESIDENT OF THE SOCIETY ex- officio ALL Couns) 
On Finance: On Publications; On Library: 


‘GEORGE H. PEGRAM C.L. HARRISON GEORGE wW. 
ALLEN HAZEN GEORGE F. SWAIN JAMES CHRISTIE 
5 FRANCIS LEE STUART  . W. HODGDON 
SWENSSON _ DEXTER BRACKETT 
HORACE ANDREWS CHAS. WARREN HUNT 


yecial Committees 


= On UNIFORM Tests OF CEMENT: George S. Webster, Richard George 


Swain, Alfred Louis C. Sabin, 8S. B. Newberry, Clifford Richardson, W. B. W. 

On RAIL Sections : ‘Joseph T. Richards, W. Buchholz, B.. C. Carter, as 

7 Felton, Robert W. Hunt, John D. Isaacs, Richard Montfort, H. G. Prout, Percival 

Roberts, Jr., George E. Thackray, Edmund K. Turner, William R. Webster. 

_ On ConcRETE AND REINFORCED ConoreTE: C. C. Schneider, J. Ez Greiner, W. RK. 

Hatt, Olaf Hoff, Richard L. Humphrey, Robert W. Lesley, Emil Swensson, A. N. ie 

On Status oF METRIc System Stacy B. Opdyke, Jr. A. > a 

On ENGINEERING Epucation: Desmond FitzGerald, Benjamin M. Harrod, Onward 

SteeL CoLumns anp Struts: Austin Bowman, Alfred P. Boller, Emil Gerber, 

Charles F. Loweth, Raiph Mod jeski, Frank C. Osborn, George H. Pegram, Lewis D. Rights. 

Swain, Emil Swensson, Joseph R. Worcester. 

_ ON Bituminous MATERIALS FoR Roap Construction: W. W. Crosby, A. W. Dean, H. K. 


‘The House of the Society is open from 9 a.m. to 10 P.M. every day, except 5 Sundays, 
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albot, 
, |, Onward 


D. Rights. 


ean, 


~ 


is responsi, as a for the facts opinions 


of Meetings: 
«Of Society, November 17th and tet 1st, 


- Hours during which the Society House is open ° 
 Annua Meeting 
Subscription Price to the Publications of the Suciety......... 
Meetings of the San Francisco Association of Members, Am. Soc. C. E 
Privileges of ne Library Societies Extended to Members.................. 
the 


(Additions, Resignations, Deaths) 
Recent Engineering Articles of Interest................. ieetier 


a Report of Special Committee on Bituminous Materials for Road Con- | 


MINUTES OF MEETINGS 
OF THE 


at 8.30 P. M.; 
President, Pegram i in n the chair; Chas. Hunt, 
Seere 
paper by Julio F. Am. Soc. 0. E, 
Supply for the ] Lock Canal at Panama” was presented by the Secretary. : 


The paper was discussed by ©. _E. M. Am. Soc. 
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scTheodore Paschk — 


05 died October 28th, 1909, an 


ire: 


ourned. 


ied 


 Viee- President Pegram - in the chair; Chas. “Warren. 
of Secretary; and present, also, 212 members and 42 guests. aici 
oe a a paper by James H. Brace and Francis Mason, Members, Am. 
> i Soe. CO. E., entitled “The New York Tunnel Extension of the Pennsyl- 4 
vania Railroad: The Cross- Town — was presented by Mr. 


The paper was by Edward M. Am. Soe. C. E. 
Secretary announced the election of the candidates 


ass. 


Aroutpatp Stewart Downey, Seattle, Wash. 
Harry Mapera Gouxp, Nashville, Tenn. 
Louis J ENISON ‘Horcuxiss, Chicago, Ill. 
‘Yow Je EME, ‘Peking, China. 


CHARLES ALFRED SHEPPARD, Edwardsville, 
Francis Pirr Smiru, New York City. 
Epwarp Van WINKLE, New York 


AsA Assoctare 


George Giover BiackMmore, New York City. 
‘Irvine CLINTON Browser, Nevada, 
J AMES WATSON Davenport, Memphis, ‘Tenn. 
Herman Davis, Hoboken, N. 


od ames Moore Farry, -Camaguey Cuba. 


Rossen ‘Tor oun Hawn, ‘Fordwick, Va a 


E. Trask, M. Am. Soc. ©. E., entit ed 
tt Control of Little Bear Valley Reservoir,” was p 
a The Secretary announce 
— te mber May 7th, 18! 
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Epwarp JEWETT, Houston, 
ALPuxEus Jones, Titusville, Pa. 
Fa] 
Revusen Sytvester F EOTTER, Mercedes, Tex Xe 
ow ALTER Epwarp SANFORD, N.Y. 
Rosert WarrREN SHELMIRE, ‘Cleveland, Ohio, 
Varnum Wescort, Chicago, Il. 


JAMES V ANCE Howe, W. 


SrruckMann, St. Louis, Mo. 
| 
As JUNIORS. 

Day Carer, Yorktown, Va. 
Bow ‘EN -EpMUNDSON, Thornton, R. 

Wate 


‘Raven Hazen, Monile, Philippine 


3 Wi ILLIAM | Mu. LARD, a City Guatemal a. 


Quartes Sumner Stewart, Morris, Minn. 
Jay Toms, New York City. 


The Secretary announced the transfer of 


‘the Board of Direction on ‘November 30th, 1909: 


-Epwin Cuirrorp Fintey, St. Louis, Mo. 
Henry NEELY OGDEN, ‘Ithaca, Nz 
DeWirr LEE REABURN, Surrey, Cal. 


Witrorp AsHrorp- THOMPSON, East St. Louis, Ill. 
From Junior to Associate 

CampEN Pace Forryey, Gatun, Canal Zone, ‘Panama. 

~The Secretary announced the death ‘ad James GARDNER Sant DERS 


elected Member, 6th, 1881; died November 15th, 1909. 


Adjourned, 
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15th, 1909. y of to 
with this m number Proceedings advance this meeting, the 
-— publication ¢ of its minutes must be deed until J anuary, 1910. Two 

papers have been | set down for discussion: “The New York Tunnel 

— of the ‘Pennsylvania Railroad: The East River Tunnels,” 
by J ames Brace, Francis “Mason, and 8S. H. Woodard, Members, Am. 
Soe. OC. E., and “The New York Tunnel Extension of the Pennsyl-_ 


Railroad: Contractors Plant East River er Tunnels,” by by Henry 


‘Sv Hunt, Secretary; and present, also, Messrs. Andrews, Cherch- 
ill, Endicott, eae Hodgdon, Knap, Schneider, Swensson, ‘Thompson, 

The ‘subscription price ce to o Proceedings was was fixed at $8 per annum 7 
‘for the future, to begin January 
‘special subscription rate. to any technical school, for 
Proceedings, was fixed at $4.50 per annum. 


Hiram Francis Mitts was elected an Honorary | Member. 
- Ballots for membership were canvassed, resulting i in the — of 


“a Honorary Member, 14 Members, 16 Associate Members, 2 Associates, ~ 


oe and 14 Juniors, and the transfer ad 2 Juniors to the ¢ grade of Associate 2 


Six Associate Members to the of Member. 


ant 


‘every day, « except, Sundays, Fourth of July, 
c 
January 8.30 P. M.— ‘this ‘meeting a paper by 
J. _ Howe,  M. . Am. Soe. C. E., entitled “Notes on the Replacing of the sie 
Superstructure of the Harlem Ship Canal Bridge,” will be presented — a4 
‘paper was printed in n Proceedings for Nov ember, | 1909 


Wednesday and Thursday, January and 20th, 1910.—The 
 Fifty-seventh Annual Meeting will be held. The Business Meeting 
a be called to order at 10 o’clock on W ednesday morning at the : 

y House. The Annual Reports will Sneee officers for the = 


other business transacted. | 


Arrangements for igs Annual Meeting have been placed in the 


Feb February 2d, 1910.—8. 30 F P.M.—At this “meeting two papers will be 


presented for discussion, as follows: “Underpinning the Cambridge 
New York City,” by T. Kennard Thomson, M. Am. Soc. 
and “Building Agreements,” by William B. ‘Bamford, ‘Assoc. 
These papers are printed in this number of 


February 16th, 1910.—8. 30 | P. M.—A paper entitled The Effect « of 
Alkali on Concrete,” by George Gray Anderson, Am. Soe. CE, 

This his paper is printed in this of P -roceedings. 
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‘Proceedinga, ten Numbers | per annum, 


éxtra copies of any of 
A special subscription has been fixed by the Board | for 


Proceedings of the Society for ‘the benefit of Students in| ‘Technical 
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¢ Schools. This rate is $4. 50 and is available to any bona fide 


MEETINGS OF THE SAN ASSOCIATION N oF 


The San Francisco Association of ebm of the American Society 


Men Am 

Civil Engineers holds regular bi-monthly meetings, with banquet 
g and weekly informal luncheons. The former are held at 6 P. M., at the ~ 


ae Fairmont Hotel, on the third Fridey of February, April, June, August, 
Be October, and November, and also on the third Wednesday « of I December, : 


the latter being the Annual Meeting of the-Association. 
Informal luncheons are held at 12.15 P.M. every Wednesday, and 
the place of ‘meeting: may be ascertained. by communicating with the 
as oy Secretary of the Association, E. T. Thurston, Jr., Assoc. M. Am. Soc. ; 
_ The by-laws of the Association provide for - the extension of | 
“tality to any members of the Society who may be temporarily i in 
us A Francisco, and any such member will ‘be gladly welcomed as a guest 


4 of the Association at any of the above if he will will 


that he is in San Francisco. 


The first three Volumes of Transactions for ‘1 909° 
and have Been issued. . The volume will 

hoped that members and others who part the, dis- 


cussion of papers presented v will “rey their remarks s promptly, 
_ and that all written | communications from those: who cannot attend 
the , meetings will be sent in at the earliest possible date after the i issue 
of a paper in Proceedings. The issue of volumes of Transactions is 
dependent on the closing of discussions, and -operation of 
membership will now be more necessary in this matter than heretofore, 5 
four volumes are issued during the ‘year, instead of two, 


and, to accomplish this, a definite date ‘of issue. for each has to be 


All papers. accepted by in Publication Committee are classified 


oe _ Papers, which, from their neers nature, appear to be of a charac: 
ter suitable for oral discussion, will be published as heretofore 

on Proceedings, and set down for presentation 1 to a | future meeting of the 
de Society, and, on . these, oral discussion, as well as written “conimunica- 
All papers which do not « come under this is to say, 
which, from their mathematical or technical nature, in the 
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ANNOUNCE MENTS 

opinion of the ( Committee, are not adapted to oral discussion, will not 
be: scheduled for presentation to any meeting. Such y papers will be 
published in Proceedings in the same manner as those which are to 


be presented at_ meetings, but written discussions, on 


quested for subsequent publication: in and with the 
th f Transacti 
in ne volumes o tons. 


PRIVILEGES OF ENGINEERING | 
EXTENDED TO MEMBERS OF THE 
AMERICAN SOCIETY OF CIVIL 


5, 29 West 
dos Engenheiros Civis Portuguezes, Lisbon, ‘Portugel. 
Australasian Institute of Mining Engineers, ‘Victoria, 
Boston Society of Civil Engineers, 715 Tremont ‘Temple, Boston, 
Brooklyn Engineers’ Club, 117 Remsen Street, , Brooklyn, N. 3 ¥. 
Canadian Society of Civil Engineers, 413 Dorchester ee, West 
Civil Engineers’ Society of St. Paul, ‘St. Paul, Minn. ee, 


Cleveland Engineering Society, 718 Cleveland, 


issue 


is 
Secy., 235 Equitable Building , Denver, | Colo. 


fore, Engineers’ ‘and Architects’ Club of Louisville, Ky., 303 Norton 
fore, 


two Building, Fourth and Jefferson Streets, Louisville, Ky. 
Engineers Club of Minneapolis, 17 South Sixth Street, 


"Engineers? Club of St. Louis, 3817. Olive Street, St. Louis, 
Engineers’ Club of Toronto, 96 King Street, ‘West, Toronto, Ont. . pba 

Engineers’ Society of Pennsylvania, Market t Street, Harrisburg, 


of Engineers, 58 


| 
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charac- 
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munca “| 
in t ed omford Road, Stratford, Lon- = 


4 ANNOUN CEMENTS ocie’ 


of Engineers. the River Plate, Buenos Aires, 


Institution of Naval Architects, Adelphi Terrace, London, 


Junior Institution of ‘Engineers, 39 ) Victoria ‘Street, Westminster, 


Gee 


a Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. a 
ee _ Louisiana Engineering Society, 321 Hibernia Bank Building, New | 


_ Memphis Engineering Society, Memphis, Tenn 
Midland Institute of Mining, Civil and Mechanical Engineers, 
ontana Society of Engineers, Butte, Montana. 


(Of England Institute of ome Mechanical Engineers, 


‘Pacific Northwest Society of Engineers, 803 Building, Seat- 


Rochester Engineering Society, Rochester, N. 
Sachsischer | er Ingenieur- un und d Architekten-Verein, Dresden, Ger- 


Sociedad Colombiana de Ingenieros, Bogota, Colombia. 
Societe. des Ingenieurs: Civils de. France, 19 Rue Blanche, Paris, 
Society ‘of Engineers, Street 8. W., 


Tekniske Forening, Vestre Boulevard 18-1, Copenhagen, Denmark. 
Fis Western Society of Engineers, 1737 Monadnock Block, ‘Chicago, ml. | 


= 


SEARCHES IN THE LIBRARY 


In January, 1902, the Secretary ‘was authorized - to make searches 


in the Library, upon request, and to charge therefor the actual cost to 
the Society for the extra work required. Since that time many searches 
have been made, and bibliographies | and other information on spec cial 


She 


an ie The resulting satisfaction, to the members, who have made use of 
the resources of the Society in this manner, has ‘been expressed re § 
quently, and leaves little doubt that, ‘if it were generally k known to the § 
‘membership that such work would be undertaken, many would avail 
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“Affairs. ] 


engineer who looks up such matters himself, and the work can be 


performed quite as well, and much more quickly, by persons familiar 


In asking that such | work be undertaken, members specify 


clearly the subject to be “covered, and whether references to general 
books only are desired, or whether a complete bibliography, involving 

search through periodical literature, is desired. _ 

reference to this work, the Appendix* to , the Annual Report | of ; 

the Board of Direction for the - year ending December 31st, 1906, con- — 

tains a summary of all searches made to that date. ~~ 


E.. was called 8 Pp, 
; George G. Anderson, Vice- President, in the chair; H. J. Burt, Secre-- 


tary, and present, also, 8 members and 7 guests. 


a The reading of the Minutes and other regular | business was dis- —> 

with, on account of the special character of the progr: amme. 


An address | on was made A. D. Parker, Vice- -Presi- 


resolution of was unanimously to Mr 


searches 
ial cost to 
Ly y sear ‘hes 
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ACCESSIONS TO THE LIBRARY > 


‘TO THE LIBRARY 


(From m November 9th to 6th, 1! 09) 


>. 
CYRUS | ‘HALL HIS LIFE AND WORK. work. 

By Herbert Casson. Cloth, 8} x 54 illus., 12 + 


Chicago, MeChurg & Co., 1909. $1. 50 


In the author’s opinion | anyone ie wishes to understand the making of the 

united‘ States must read the life of Cyrus Hall McCormick, which spanned the 

Ps heroic period of the industrial advancement of the United States and represented 

_ the replacing of muscle with machinery, and the establishment of _ better 
ways and better times in farm and city alike. The Contents are : The World’s 

Need of a Reaper; The McCormick Home; The Invention of the Reaper ; Sixteen 
Years of Pioneering; The Building of the Reaper Business; The Struggle to. 

4 Protect Patents; The Evolution of the Reaper; The Conquest of Europe; McCor- 
as a Manufacturer ; We H. _MeCormick as a Man; The Reaper wile = 

ndex 


erete W with Standard and Typical By Chasion s. 
‘Hill. | Cloth, 6 x 33 in., illus., 8 + 179 pp. | Chicago | and New York, 

A - The Myron C. Clark Publishing Co.; London, B. & F. N. Spon, Lid, 


This volume consists, it is stated, of a series of rules and directions to be 


a followed in inspecting concrete work, with brief explanations of the reasons for 
each rule and of their importance. "The author believes that the subject-matter 
is based on sound practice and acknowledged authority. The Contents are: In- 
spection of Concrete yg ete sen Inspection of Proportioning and Mixing ; ~ Inspec- 
tion of Form Work; Inspection of Reinforcement; Inspection of “Concreting; 
_ Inspection of Sidewalk Construction; Inspection of Molding and Driving Con- — 

Piles ; of Cast Concrete ; Typical Specifica- 
tions; Index. 


& F. N. Spon, $3. 00 net. 


a has ‘Mans the aim of the author to give proofs of the principles stated, with | ; 
full explanations of the construction. No attempt has been made, © however, to 
give elaborate solutions which have little or no practical application. Most of the | 
material in Parts I and II, the author states, has been used in printed form by 


“Iv will be found of assistance’ to the practicing ‘engineer. The Contents ‘are! ie 
I, General Principles—Definitions; Concurrent Forces; Non-Concurrent Forces ; 
Center of Gravity of ‘Areas ; Moment of Inertia. Bart russes: 
Structures, Roof Trusses—Definitions ; Loads ; Reactions ; Stresses in Roof Trusses; 
=. Wind Load Stresses ; Stresses in Cantilever and Unsymmetrical Trusses—Maxi- 
mum Stresses ; Counterbracing ; Three-Hinged Arch; Stresses in a Transverse Bent 
ae a Building ; Miscellaneous Principles. Part III, Beams—Bending Moments, 
rete Shears, and Deflections in Beams for Fixed Loads; Maximum Bending Moments 
and Shears in Beams for Moving Loads. Part Iv, _ Bridges—Types of Bridge 
_ Trusses; Loads; Stresses in Trusses Due to Uniform Loads; Influence Dia- 
grams, and Positions of Engine and Train Loads for Maximum ‘Moments, Shears, 
and Stresses; Maximum Moments, Shears, and Stresses 


‘BITUMENS : 


- Together With a Treatise on the Chemical Technology of Bituminous 
S. F. Peckham. Cloth, 9 x 6 in., illus., 8 324 PP. 
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rk The Myron Clark Co.; London, 
& N. Spon, Ltd, 1909. $5.00 net. 


This book, states the author, represents personal experiences and experiments 
_ prosecuted almost continuously for forty years by nearly every method of in- -— 
vestigation Proposed in the United States and Europe, and the reading of nearly — 
everything published relating to bitumens, from Boussingault’s Memoir to the 
BE ey | time. The author’s aim has been to offer everything of value relating to 
_~ subject, and reference has been made to original memoirs as far as possible. 
The Contents are: Part I, The Natural History of Bitumens—lIntroduction; Geo- 
graphical Distribution of Bitumens; Origin of Bitumens; The Classification of 
Bituminous Substances; The Derivation of Natural Solid Bitumens; The Derivation 
of Bituminous Rocks; The Derivation of Artificial Solid Bitumens. Part II, The 
Chemistry cf Bitumens—General Considerations Concerning the Chemistry of Solid 
4 Bitumens; Boussingault’s Memoir ‘Upon the Composition of Bitumens; The Use of 
the Words, Petrolene, Asphaltene, Etc.; The Ultmate Analysis of Solid Bitumens; 
The Proximate Analysis of Solid Bitumens; The Technical Analysis of Solid 
Bitumens; Special Chemical and Physical Methods of Analysis by Which Solid 
_ Bitumens may be Recognized and Distinguished; Miscellaneous Methcds Applied to 
- Street Mixtures and Surfaces, Bituminous Paving Blocks, Bituminous Concrete, 
Wood Paving Blocks, Cements, Cement Mortars and Concrete, Etc. Part III, The 
Physical Properties of Solid Bitumens—Specific Gravity, Etc. Part IV, ‘Chemical 
Technology of Bituminous Streets—Historical Introduction; A Modern Street; 
Bitulithic Streets; The Oiled Roads and Streets of the Pacific Coast ; Asphalt Blocks ; 
Conclusions ; Index of Subjects; Index of Names. 


E TEMPERA. DEGLI ACCIAI. 


TIndurimento Superficiale del Ferro e Cementazione. By Arturo 
~Massenz. Seconda Edizione. Cloth, 6 x + in., illus., 16 


‘Milano, Ulrico Hoepli, 1909. 2 lira. 


It has been the author’s purpose to produce a popular ‘book, written by a 
practical person, which will be an aid, especially to the worker of metals, in the — 
; = of forging and tempering steel. This second edition has been enlarged by 
filling in the omissions in the first, and by the addition of a special study of 
tempering furnaces, etc. A partial list of contents follows: Che cosa é l’acciaio? ; 
_ Esigenze alle quali dovranno rispondere gli utensili da construire; Qualita qd’ se 
_ preferirsi ; Cambiamenti ai quali andra soggetto l’acciaio nelle varie lavorazioni ; 
_ Regole onde evitare gl’insuccessi nella tempera; Ricottura dopo la tempera ; Cause 
principali determinanti gl’insuccessi nella lavorazione e nella tempera; Forno 
speciale per tempera, con bagno riscaldato elettricamente; Trattamento degli acciai 
Secondo lo scopo pel quale sono destinati; Saldatura dell’ acciaio, ecc. ; rnduriments 
superficiale del ferro; Cementazione. 


ELECTRIC POWER CONDUCTORS. 
William A. Del ee: 7 x 52 in, illus, 6 + 339 
New York, D. Nostrand Company, 1909. $2. 00 net. 
ons 


book is ‘intended present a a clear account of all engineering ‘conditi 
ow which affect the purchase and use of power conductors. The author states . ae 
orm by of it will be found practical and up to date, being based on notes prepared for his 


Ii, and own use, and containing nothing from any published data which has not been | Bs 
thoroughly studied and found to be reliable. The text is made as brief as pos- 
sible, it is declared, and.where explanation or theoretical discussion is advisable, it 
is supplemented by appendices. The sections on Alternating Current Feeder Calcu- BY 
lations and Stress in Spans are written by Dr. Harold Pender. The first — 
chapters pertain to wires and cables. The Contents are: Materials and Gauges; oe 

“Bent Electrical Properties; Insulation and Insulated Conductors; Determination of Size 

Sriants, for Given Voltage Drop and Power Loss; Determination of Size for Given Stress in a 

moments ee Spans; Specifications; Testing Wire and Cable; Installation; Depreciation and Sao 

‘Bridge Deterioration ; Third Rail Circuits; Rail Bonds; Tables of Inductance, Reactance 

6 Dia- iS and Capacity. Appendices: I, Basis of B. & S. Gauge; II, Basis of Skin — 

Shears, of Carrying Capacity Formule; III, Method of Calculating Thickness of ed Ot 

 sulation; IV, Basis of Direct and ‘Alternating Current Transmission; V, 

\ ‘ Formule for Stresses in Spans ; Vi a of Specifi 


STE. 
“By William F. Morse. Cloth, 91 x 6 in. illus pp. 
ew York, The Municipal Journal and Engineer, 1909. $5. 00. -. 
am In this work the author presents, it is stated, in as compact a ine as possible, 


data gathered by him during nearly one of continuous work, together 
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4 sources. 
works in North American 
general importance (about 1885) to date. It is his further purpose to present an 
account of the various methods of waste collection and disposal in use in the 
United States and a comparison of the older with the more modern systems. There > 
_ is also a short account of the progress of refuse disposal in other countries by 
a _W. Francis Goodrich, with short articles on ‘‘The Disposal of City Waste by Gas 
- Producers,”’’ by F. C. Tryon, and “The Utilization of City Ashes,” by C. H. Koyl. 
The book is divided into five parts, as follows: Part I, The Municipal Waste of 
American Towns; Part II, The Disposal of American Municipal Waste by Crema. 
— tories and Incinerators ; Part III, The Disposal of Waste by British Destructor 
_ Systents ; Part IV, The Disposal of Waste by Reduction and Extraction Process; 


Series of ‘Engineering Lectures Delivered at Union College. 
rg By Charles Proteus Steinmetz. Compiled and Edited by Joseph Le | 

4 Hayden. Cloth, 93 x 6 in, illus. 12 + 305 pp. New York, | 


McGraw-Hill Company, 1909. | $3.00. 
‘The author states that these lectures are intended, not merely as a textbook on 
illuminating engineering or on the physics of light and heat radiation, but as. a4 
aah exposition, from the engineering point of view, of that knowledge of light and 
radiation which every educated man should possess. For this purpose they have 
been given in such form as to need no special knowledge of mathematics or engi- 
neering, and they describe the phenomena in plain language, with the exception of 
_ Lectures X and XI, which, by their nature, are somewhat mathematical, and are 
_ intended more particularly for the illuminating engineer. It is also stated that 
_ the lectures have been revised to date, and the important results of the ‘National 
Bureau of Standards, contained in its recent bulletins, have been fully utilized. 
- The compiler is authority for the statement that, in describing the experiments, 
numerical and dimensional data have been given, and the illustrations have been 
drawn to scale as far as possible, so as to make the repetition of the experiments 
convenient. The Contents are: Nature and Different Forms of Radiation; Rela- 

tion of Bodies to Radiation; Physiological Effects of Radiation; Chemical and 

_ Physical Effects of Radiation ; Temperature Radiation ; ; Luminescence ; ; Flames as 
_ Iluminants ;_ Arc Lamps and ‘Arc Lighting ; Measurement of Light and Radiation ; 
Lent Flux and Distribution; Light Intensity and Illumination; Illumination and 
Engineering ; Physiological Problems of Illuminating Engineering ; 


THE TECHNICAL PRESS: INDEX, JANUARY, 1908, TO JUNE, 1909, INCLUSIVE. 
Compiled i in Form from the "Technical Press Index 
lished Monthly in The Engineering Digest. Cloth, 10 x 7} in., 24 24 
> 373 pp. New York, The Technical Literature Company; London, "Archi- | 
bald Constable & Company, Limited, 1909. $3.00 net. = (Donated | by “a 


7 _» “he preface states that the items ; taken from the monthly index of The Engi-- 
‘neering Digest have been rearranged, reclassified, and cross-indexed, for this first 
cumulative volume of the Technical Press Index, ‘and that it is believed to contain | 

reference to every important paper and article published, during the time covered, 

- is in the regular engineering periodicals of the United States, Canada, and Europe, 
and in the proceedings of the engineering and technical societies. ~All articles of — 
evident temporary, local, or individual interest have been omitted, it is said, and 
an effort has been made to cover the field of engineering science in a permanently — 

valuable manner. Where ambiguous titles have been used by authors, or where. 

amplification seemed desirable, descriptive notes have been added, and in every 
case the number of words, number of figures or illustrations, and price are given. 

Beside the cross-indexing there has been introduced also a key, or index to the Index, — 

consisting of an alphabetical list of technical catch-words or key-words, giving the 

different pages on which a subject will be found, many of the topics being brought 4 

out under several different heads. The main divisions, or heads, are as follows: 

Architecture ; Automobiles and Aerial Navigation; Civil Engineering ; Economics and 
Baueation Electrical Engineering ; Industrial Technology ; Marine Engineering; 
Mechanical Engineering ; Municipal Engineering; 
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Gifts have also been received from the 
Am. Ry. Master "Mechanics Assoc. Morris, Marshall. bound 
Arnold, B. J. 1 vol. 
of Licensed Automobile: Mfrs. 
Bartholdt, Richard. pam. York = City- Board of Health, 1 
Boston, Mass. “Transit Comm. bound 
Dept. pam. or tate-Commrs. of the tate 
Canada-Board of Ry. _ Reservation at Niagara. 1 pam. 
_ First Dist. 4 pam 
Canada- Geol. Survey Branch. 4 pam. Norboe, P. M. 1 pam. 
Cincinnati Univ. 1 pam. North  Dakota-State Geol. 2 
Health. 1 pam. North-Hast Coast Institution of Engrs. 
Conway, George R. G. pam. and Shipbuilders. bound vol. 
‘Dist. of Columbia-Engr. Comm. ‘ae all Ohio Elec. Light Assoc. 1 bound vol. 
Eng. Assoc. of the South. 1 pam. ‘ie: Philadelphia, Pa.-Bureau .of Surveys. 
Fairmount Park Art Assoc. 8 
Fanning, John T. 1 vol. Philadelphia, Pa.-Bureau of Water. 
Fidelity & aspeaiel Co. of New York. Pratt Inst. Free Library. 1 pam. 
spam. Roberts & Abbott Co. 2 pam. 
Hering & pam. Rogers, J. W. 1 pam. 
Ilinois-Bureau of Labor Statistics. . Sanderson & Porter. 1 pam. © 
South African Assoc. of Engrs. 
Illinois-R. R. and Warehouse Comm. 1 South Australia-Rys. Commr. 1 pam. 
‘bound vol. Southern Pacific Co. 2 pam. 
Illinois-State Survey. 1 = bound Svenska Teknologféreningen. 1 pam. ae 
Illinois-Water "Suppl “Assoc. 1. bound Board. 1 pam. 
Incorporated _ Assoc. and U. S.- -Chf. of Engrs. 3 bound vol. 
County Engrs. 1 bound vol. $pam 
"Institution. o of Civil Engrs. bound vol. ‘We s. -Coast and Geodetic 
Board of R. R. Commrs. 1 bound 


y. 9 pam. 
Committee 1 vu. -Interstate ‘Commerce “Comm, 
Ri 2 . S.-Isthmian Canal Comm. 1 vol. 
- ver Ry. Co. 1 pam. S.-Lake Surv Offi 1 

“MeMing, Thomas J. 1 bound vol, 1 Stake Survey Office. 

J. S.-Office of Exper. Stations. 6 
anchester_ a En rs. 2 bound per ations. 6 pam. 
dou U. S.-War Dept. 1 bound vol. 


Car Builders’ ictoria, Australia-Chf. Engr. for Ry. 


Pa 


HL pam. "Victoria, Australia- Rivers and 
ich.-R. ‘Water Supply Comm. 1 pam. 
pam. _Australia- Commr. ef Rys. 1 


Clerk. 1 bound 


i Minutes of Seventh Annual Meeting of the National Confer ence on 


30th Street, "New York Cit March 26th, 1909. 
The Water Works Statistics, 1909. Index of 


Offic ‘ials and of Water Engineers. Hazell, Watson 
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American Inland Waterways. Their Relation ‘Railway Trans-_ 
portation and to the National Welfare ; Their Creation, Restoration and a 
Maintenance. By Herbert Quick. P ‘Putnam’s s Sons, York 


—” Allgemeine Theorie uber die veranderliche Bewegung des Wassers 
: Rohrleitungen, von Lorenzo Alliévi (Deutsche, 
‘erliuterte Ausgabe, bearbeitet von “Robert Dubs und Bataillard). 
OIL Teil: Stollen und Wasserschloss, von a Dubs. © Julius Springer, ‘ 


Berechnung vo von ‘Steifrahmen nebst Anderen Statisch Unbe- 


General 


and of Mining ‘and ey, “London ; 4 
Engineering and Mining Journal, York, 1909. 


(From November 9th to 6th, 


Donations including 17 du dlicates) . 
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Transactions of the Institution ning an etallurgy. 


1909) 


ARD ELMER. _Chf. Engr. “Mosher Mfg. Co., 


-DENCER, Freperick W1LLIAM. Engr., , La ssig 


Am. Bridge Co., Wrightwood and 


_Clybourn Aves., Chicago, II 


ELLERY, NATHANIEL. State, Engr., De; 


GODFREY, E DWARD. Structural Engr., Robert 
mn _ Co., Monongahela Bank Bldg., Pittsburg, Pa.... 
¥REGORY, WILLIAM BENJAMIN. Prof. of Experimental Eng., 


Univ, and brig. Engr., ‘Ss. of 


Metal Eng. Union N ewark, 


ALL, CHIRANSI. Head Master, Govt. School of Eng., a 


kali, Mool Chand New Bldg., ‘Lahore, 


Fiack. Civ. and Cons. Engr., 413 Fourth 
30, 1909 


McKay, GzoncE ALBERT. Civ. ‘Engr., 


CLYDE TUCKER. Prof. of Structural Assoc. M. Mar. 


Eng., Ohio State Univ., Ohio. 


ue 
‘Cuanzs Harr. East 23d 


REYNOLDs, ABRAHAM Mourav. 


Scuverper, ARD _JouN. Contr. Mer., Am. 
Co. of New York, 906 Crocker 
FRANCIS Pirr. Chemical and Cons. Pavi ing Engr 


(Dow & Smith), , 24 East 21st St., New York City... ned. 30, 1909 


3 ¥ County Park Comm., 60 Clifton ane, N. J. Nov, 90, 1000 


7 | 4 | 
q 
“AS 
Brusu. Eastern Mgr. and: Contr. E 
Fort Pitt Bridge Works, 45° andy Contr. Engr., 
s, 45 Broadway, New York 
— 
= 
y. Nov. 8,1909 


MEMBERSHIP—ADDITIONS 


Patent Engr. The (es 
Street ‘Bldg, Nev City 

Wapsw ORTH, Grorce REED. Cons. Engr. » Assoc. M. Wer. 


LAL June 6, 
Box 709, Mobile, “Nov. 8, 1909 


_ARCcE, JULIUS ANDREW. Apartado > 90, Arequipa, Peru. Aug. 31, 1909 


4 Board of W ater ‘Supply, 299 Broadway, 
ig Lewis. Wash.. Nov. 8, 1909 
Horizonte, Minas Geraes, Brazil 30, 1909 
Keerer. Asst. Engr., M. of W., San 
Pedro, Los Angeles & ‘Salt ‘Take R. R., 2711 
dale Pl., Los Angeles, Cal. 8, 1909 
Fort Shaw, Mont. Oct. 
‘BERRY, F RANCIS Riepon. late, Portsmouth, 
‘Berkley & Suffolk Water Ports- Jun. 1902, 


BLack, wags Perens. Div. » . & M. Ry. 
4 
1909 


Co., 1360 Spring St, Berkeley, Cale. 


Nov. 8, 1909 


8. 1909 


UDER, JOHN. ‘Asst. City. Third Ave., Salt 


“Evans, Rowan. Engr. of Detroit River 


: 

Co., 2 ‘St., then 520, New York City. 5, 1909 

a Hassrovck, Oscar. 136 Saratoga Ave., North- jun, 3, 1907 
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MEMBE 


HAWN, ‘RUSSELL 


Mgr. Lackawanna Bridge Co. - 


HIGGINSON, 


. Engr., 


Assoc. 


FREDERICK Res. En r., Mo. R Co, 
gi 
ae Ft. Gibson, Okla.......... 


‘Maupin, Jun. Sept. 
= 


6, 1905 
Assoc. M. Nov. 8, 1909. 


Jun. “Mar. 31, 1903 
Reclamation Service, Montrose, 


, FREDERICK cE 18 mia Salle 


kK, “ALBERT FRANCIS. Chf. Engr., Nor thwester n Iron Co., 
cs. Chf. 


Nov. 8, 1909 
Co.; June 1, 1909 


Nov. x 1907 
Nov. 4 1909 


Bldg. 


0., Hammond Pl., Elmhurst, N. 


a 


Smith St Per th A 


mm: 30, 1907 
CHARLES. Room 210, Boise City National | Bank 
SPENCER, “Tours and M Jun. Oct. 31, 1899 

, P. O. Box 499, Ogden, Otaly..... 
ANN, _Epwarp CHARL LES. Gen. 


jov. 30, 1909 4, 
ov. 8, 1909 | 
09 
1909  Morrew 10th Floor, — 
1909 
1909 
8, 19 — 
wile 
300 — 
— 
100 


EMBERSHIP— —ADDITIONS 


Ld 
_ ASSOCIATE MEMBERS (Continued). 


EDWARD MANSFIELD. 


| 


. 


Wuite, Davip MILLER. O. Box 278, Midland, Tex... 


1909 
Engr Baltimore Sewer er age Comm. 


Assoc. M. Nov. 8, 1909 
702% Marshall St., Milwau- 
WOOD er. 
Port "Richmond Div. Bor ough of Jun. 


April 30, 1907 
Richmond, Ne New York ( City, 13 Van Pe Pelt Nov. 1909 
., Mariner Harbor, N. Y 


CUSHMAN, R 


ALLERTON SEWARD. Asst. Office of 
of Agr riculture, 1314 Sixteenth 


, 1909 


Bock, Cam, Avoust. “Casilla 43, Oruro, “Bolivia. 


EMERSON: LAWRENCE. Squire St., New Lon: 


Eng 


Hess, JoHn STRIDER, Box 967, Dawson, Canada. 


8, 


1900 

“of Alignment, Detroit 4) 
River Tunnel Co., 489 Fort St., West, Detroit, Mich. 


1909 


— 
— im 
— 
— 
— 
— | 
8B, 1909 
— , 1909 | 
— 
— 
ial Co., 6330 Washington Bldg., St. Louis, Mo] 
Material Co., 6330 Washington Bldg., St. 
ii 
— 
— 
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= 
— Re 
linava 16. Warsaw, Russia... Qet, 5, 1909 


ME MBERSHIP—RESIGNAT IONS— a 


ScHoprnare, Gronce. “181 La Salle St., Chicago, Ill........ Oct. 
Scott, VANDERBE LT. 511 Gifford PL, Hudson, N. 
SHANKLAND , Supt. of 
- for E. C. & R. M. Shankland, 1106 The Rook 


SNYDER, HUNTER IMBODEN. Cotton E xchange 


STE yART, ‘Waren PHELPS. Engr. Office, Nashville, 
WENSSON , Orro JORDAN. * Office, Board of Ww 
Yorktown Heights, N. Y.. Nov. 8, 1909 
TATUM, Rosert LEE. Benoit Mi Nov. 8, 1909 


“Mexico, -Mo.. Nov. 8, 1909 
» > 4 


Resignation. 


Bari, Er EST STEARNS. lected Junior, May 2d 1905; “date of death 


CHARLES MARSHALI Elected Associate, 
October 28th, 1909. 


YDERSON, JAMES GARDNER 
vember 15th 1909. 
‘Total Me Membership of the ‘Society, December 
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yan LITERATURE 


6th, 1909) 
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; which can » be referred to in any available engineering library, or can be 

procured: by addressing the publication directly, the 
being gwen w pherever possible. 
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q 
Milk St., Boston, Mass., 30c. Works Assoc., Boston, Mass., $1 
Proceedings, Engrs. Club of Phila... Journal, Royal “Society Arts, 
1317 Spruce St., Philadeiphia, London, England, 15c._ 


(3) Journal, Franklin Inst., Philade!s Belgique, Brussels, Belgium. 
Journal, Western Soc. of Engrs, des Ecoles Spéciales de Gand, 
~ Monadnock Blk., Chicago, Ill. Belgium. 
Transactions, Can. Soc. Cc. Mémoires et —Compte Rendu des 
Montreal, Que., Canada. Pravaux, Soc. Ing. Civ. 

(6) School of Mines Quarterly, alee France, Paris, France. | 
_- lumbia Univ., New York City, (33) Le Génie Civil, Paris, France. 
(7) Technology Quarterly, Mass. “Inst, ehines, Paris, France. 

Pech., Boston, Mass., 75c. Nouvelles Annales de la 
Stevens Institute Indicator, Stevens tion, Paris, France. 
_Inst., Hoboken, N. J., 5c. (37) Revue de Mécanique, Paris, France. 
Engineering» “Magazine, New York des Chemins de 
City, 25c. des Tramways, Paris, 
(10) Cassier’s: New York city, France 
‘Wiley, New York City, 25c. (42) Proceedings, Am. Inst. 


(12) The Engineer (London), Inter-  -Eners., New York City, 50c 
wee phe national News Co., New York (43) Annales ” des Ponts et Chaussées, | 
15c. tion, Governors Island, New 

- (15) Railroad Age Gazette, New York 


Engineering and Mining Journal, 8c. 
ew York (47) Mechanical Engineer, Manchester, 

(17) Electric Railway Journal, New — 


(18) Railway and Engineering Review,  genieure, Berlin, Germany. 
Chicago, 10c. (49) Zeitschrift Berlin, 
New York City, 10c. (50) Stahl und Eisen, Ger 
(20) Iron Age, New York City, 
Engineer, London, Eng- (51) Deutsche Bouseitung,, Berlin, 
on and Coal Trades ‘Rigasche Industrie- Zeitung, 
Russia, al 


‘Assoc., Philadelphia, Pa. eel (53) Zeitschrift, = hisc her 
(24) American Gas Light Journal, New und Architekten Vere in, 
‘Transactions, Am. Soc. C. 

(26) Electrical (85) Transactions, Am. Soc. M. E., 
Electrical World, City, Transactions, Am. Inst. Min. 
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CURRENT ENGINEE RING LI ITERATURE | ae 
‘ 
Bridges—(Continued). 
The Linda Vista Bridge: A Reinforced- Concrete’ ‘Trestle, Pasadena, 
Erecting Vertically a Long Rolling Lift Bridge.* New, 20. 
The Design of the Broadway or Sparkman St. Bridge, 
a M. Jones, M. Am. Soc. C. E. (13) Nov. 25. 
Reinforced Concrete Viaduct at Rotterdam.* E. Ommeganck. | (15) 26. 
Die Talbriicken der Metz- -Vigy-Anzelingen. * Storm. (49) Vol. 


Die Gewélbte Briicke iiber Tsonzofluss bei Salcano.* “Rudolf Ja (53) 


Features of the Design of Rolling Mill Motors and Their 
‘The Lepel Wireless Telegraph System.* Baron von Lepel.. Nov. 
‘Electric Cranes.* Warren H. Miller. (27) Nov. 11. 
A Damped Quadrant Electrometer for Submarine Cable M. Sayers. 
No-Load Conditions in Self- Excited, Single- Phase, Shunt- Induction Motors.* Val. 
A. Fynn. (27) Serial beginning Nov. 18. 
‘Telephone | Trials with a Long- Distance Microphone. Bgnér G. Hol Imstrém. 
+ Nov. 109. 
-Central-Station System of the Easton Gas and Electric Company.* Nov. 25. 
Location of Faults in Underground Cables.* William A. Durgin. 25. 
Steel Towers for Transmission Lines.* E. Kilburn Scott, A. M. Inst. C. E. (22) 
Application Three-Phase Motors to the Driving of Machines for 
_ Printing Textiles.* (73) Nov. 26 
Telegraphing Pictures.* Thorne Baker. (29) Nov. 
Dec. 


‘Electric Heaters. H. M. Phillips. (10) Dec. 


for Small and Towns. Frans. (27) Dec. 2. 
Depreciation as an Element o ate-Making. (27) Dec 
Wireless Telegraphy and Telephony.* H. Marchand. (19) ‘Dee. 4. ate 
Le Congrés International des Applications de FBlectricité et l’Exposition d I 
seille. F. Leprince-Ringuet. (43) Sept. 
— La Nouvelle Usine Electrique de la Compagnie du Chemin de Fer d’Orleans, a 
‘Tours.* R, Durand-Perroux. (33) Nov. 13. 


‘The Design| of Marine Steam- Turbines. * Sta Stanley Reed, “Inst. ©. 

wee 


Speed Reduction and Reversing with Turbine Driver. (11) Nov. 
_Propelling Machinery for Warships. H. J. Oram. (Paper read before the Jun. Pa 
cack «Inst. of Engrs.) (12) Serial beginning Nov. 19; (11) Nov. 19. "best hae 
The Design of Reversing Engines.* Edward M. Bragg. (95) Serial” beginning 


(95) De. 


_ The Monitoria.* Arthur H. Haver. 
The New Steamship Wilhelmina.* (95) Dec. 
ite The Marine Polar Motor. * Hugo Anderson. (95) Dec. 
The Design of Ships’ Rudders.* R. J. Grimshaw. Dec. 


Some Recent Grain-Handling and Storing Appliances at os anes Docks.* 
Magnus Mowat, M. Inst. C. E. (63) Vol. 77. 

The Effect of Varying the Degree of Saturation of the Air- supply to a ‘Suction-_ a 
a , Gas Producer.* Arnold Hartley Gibson, Assoc. M. Inst. C. E. and Reginald 
Duncan Gwyther, Stud. Inst. GC. BE. (63) Vol. 77. 
_ The Road-Motors of the Present Day, and Some Unsolved Problems Connected mre 

with Them. Henry Capel Lofft Holden. (63), Vol. 
Planing Machines. H. Benzon, Jr. (2) July. 
The Cleansing of Clay.* Richard Hoffmann. (76) 
A New Type of Water Tube Boiler.* H. McGraw, (58) N 


ov. 


Vertical Retorts at St. Helens.* 5S. Glover. (Paper ‘read before 
Some Investigations with a New Form of Torsion Meter. (12) Nov. 5. 
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CURRENT ENGINE ERING LI' PER, ATURE 
Aeroplane Frames.* (11) Nov. 
The Development of Centrifugal Pimps, Berg. paper 
the Central States W. W. Assoc. (13) Nov. 11. 
An Oil-Engine Central Station.* 
Oxyhydric Process of Cutting and ‘Metals; the 


Pabst Boiler Explosion.* (20) Nov. 11. 
The Panama Canal Cableways.* (20) Nov. 11 (86) “417; (96). Dec. 3._ 
- Stresses Due to Bending and Twisting and the Design of Shafting.* a. Rt. 
Brown- Boveri Plant at Buenos Ayres.* (26) Nov. 12. 
Tests of a Small Steam-Turbine Plant.* George W. Martin. “(27) Nov. 18 
The Mechanism of Cotton-Spinning Machinery.* W. H. Cook. ie! (Abstract of —- _ 
_ read before the Manchester Assoc. of Engrs.) (47) Nov. 19. ae feta)" 
The Rock Crushing Plant at Porto Bello for the Panama Canal.* (14) Nov. 20. ' 
Public Service Corporation Power Plant.* Warren O. Rogers. (64) Nov. 23. © ee 
An Interesting Aerial Cableway and Orehandling Plant in New Caledonia.* (19 - 
The Exhaust Steam Turbine.* J. N. Bailey. (Abstract of paper read before the — 
Manchester Assoc. of Engrs.) (47) Nov. 26. 
The Work of an Iron Foundry Laboratory.* George Hailstcne. (Paper read 
fore the Coventry Eng. Soc.) (47) Serial beginning Nov. 26. 
‘The Schenck Bucket Conveyor. (22) Nov. 26. 
The McMyler Coal Hoist.* (22) Nov. 26. 
Oil Handling in Brooklyn.*_ (17) Nov. 27. See coe. 
Gas Distribution in San Francisco.* W. R. Morgan. (Paper read before the 
Pacific Coast Gas Assoc.) (24) Nov. 
Plant of the Hartford Electric Light Company.* (64) Nov. 30. : 
The Cableway and its Uses.* _ Sterling H. Bunnell. (10) Dec. 
The Development of Aeroplane.* * Henry Harrison Suplee. Serial 


ginning Dec. 

Frankfort Aeronautical Exhibition.* oO. _ Newman, (10) Dec. 
Cranes and Hoisting Machinery.* J. E. Springer. (10) Serial Dec. 
The Evolution the Planing Machine. Thomas R. Shaw. (10) 

Gas-Engine Installations for Plants. Percival Re Robert 
Refrigeration Electricity Generating Stations. Sydney Walker. 
A Novel Locomotive Rock Drill and a Remarkable "Drilling Record.* Frank > 

Unique Direct-Acting Explosion Pump.* Dec. 2. 

Tool Lay-Out for the Goranten - of the Delaware, Lackawanna & Western. 

Machines & sur “Tes a Tiroirs Pistons. Lefer. | (37) 

Oct. 31. 

Pare-Boue pour ‘Autobus, le Concours de la Compagnie Gle. des Omnibus de_ 
Allgemeines | iiber Walzlinie und Oberdruck.* J. Puppe. : 

Einschalt-, Anlauf- und Ausschaltperiode Druckwasserhebemaschinen beim 

Betriebe durch Gewichtakkumulatoren. Karl Meyer. (53) Oct. 29. 
Der Kolbenkompressor und der Turbokompressor. J. Havlicek. (48) 

Ueber den Einfluss der Fliichtigen Bestandteile Fester Brennstoffe auf dem 
Wirkungsgrad von mit Innenfeuerung.* E. Constam 

Die Geschichte des Modernen _Kugellagers. Briihl. Serial 
Sentai Weidner. (Paper read before the Verein Deutscher 
Firmen fiir Schornsteinbau und Feuerungsanlagen. ) (80) Nov. 

Maschinelle Betrieb auf Hiittenwerken. E. Riecke. Nov. 24. 


Historic Old Plant of the Dunbar — Company.* (62) Nov. 
Aluminium-Copper-Tin Alloys.* C. A. Edwards and J. Andrew. 
before the Inst. of Metals.) Mov, 
Notes on Malleable Cast Iron. Rudolf Namias.* (Tr. abstract of 


before the Inter. Cong. of “Applied Chem. a 16 
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CURRENT “ENGIN EE RING LITERATURE 


“Slag Inclosures” in Steel.* “Walter Rosenhain. (Paper read ‘before the 
Assoc. for Testing Materials.) (20) Nov. 18. 
Sparks as Indications of Different Kinds of Steel.* Berman. (Abstract of 
eet, paper read before the Inter. Assoc. for Testing Materials.) (47) Nov. 19. 
The Baghouse and its Recent Applications. C. Ebaugh. (Abstract from 
- Wooden Jig Grates in the Joplin District.* Otto Ruhl and Frank Sansom. (16) 
“The New York State Steel Company’s (20) Nov. 
Treated Steel for High Service. Jas. H. Baker. (20) Nov. 25. 


Nov. 27. 


The Fuel Economy of Dry Blast. s. (45) 
The World’s Largest Chimney.* R. L. Herrick. (45) Dec. bea 
Altoona Foundries, Pennsylvania Railroad. * (15) Dec. 3 : 


Electric Smelting with the Girod Borchers. (16) "Dee. 
Traitement de l’Acier au our 


ue. Henr M. ow 

Der Girod-Ofen und die Elektrischen Schmelawerke— System ‘Paul Giro. ¥ 

Ueber Elektrische Ofen mit Besonderer Beriicksichtigung der Elektrostahldarstel- - 


The Sinking of Circular Shafts.* Robert Steven. e (59) Vol. 32, Pt. ; oe 
= Coal-Fields and Collieries of the ‘Republic Cuba. Archibald Russell. 


(59) Vol. 32, = 
Electricity in the Collieries of Messrs. Arch. ‘Russell, | ake 
18. 


‘Limited. (22) Nov. 5 5. 
The Navigation Collieries, Crumlin.* (22) Nov. igo 
_ Notes on Caving System in Northern Iron Mines. o Albert H. Fay. penny 
: ‘The Safeness of Various Types of Safety Lamps.* J. B. Marsaut. _ (Abstract from 
Bulletin de la Soc. de V’Ind. Min.) (16) Nov. 13. 
Controlling Devices for Winding Engines.* (47) Nov. 19 . .. 
Brakes for Colliery Winding Engines.* (Abstract from Report to Royal Comm. 
-Suppressing Coal Dust at the Dourges Collieries.* M. from Bul. 
de la Soc. de l’Ind. Minérale.) (22) Nov. 26. | 
Some Facts and Figures of Sorting on the Rand. L. Pp. icine, 
_ The Boston Consolidated Tram.* Louis S. Cates. (45) Dec. 


Hydraulic Mining on the Pacific Coast.* Al. H. Martin. (45) 


‘Test of a Waddle Fan.* G. L. Kerr, M. I. M. E. (45) ‘Dec. 
Miscellaneous. 


Copyright in Drawings ofa Technical Usina, Assoc. Am. Soc. 


On the Origin of the British Measures of “Weight — h.* Wilfrid 
Airy, M. Inst. ©. E. (63) Vol. 77. 


Standardization and its Influence on Saginewiog Industries. William Cawthorne 
Unwin, Vice-Pres. Inst. C. E. (63) Vol. 77. 


Going Value as an Element in the Appraisal of Public Utility Properties. 
_ H. Bryan. (Paper read before the Engrs. Club of St. Louis.) (1). Oct. 


; Marine Fiber -Deposits of South Australia.* H. L. Jene. — — |: 

The Progress of Engineering in South and Central -America.* zy 

La Liquéfaction de 1l’Air et ses Applications a4 la Fabrication de VOxygene 
VAzote.* Georges Claude. (43) Sept. 

‘Organisation Syndicale et Technique en Allemagne. * Ledue. (92) Oct. 


Experience Demonstrated that. the of Roads is the Most Satisfactory « or ; 
; - Economical Method of Preventing Dust and Preserving the Road Surface? | all 
3 Transport Across Sydney Harbour.* (11) Nov. 19. _ 
‘Tests of the Effect of Automobiles on Roads. (14) Nov. 20. _ ; 
Care in the Construction of Vitrified Brick Street.* Will P. Blair. _ 13) 
Method and Cost of Oiling Park Roads at Kansas City, Mo.* (86) Dec. 1. _ nc 
Center Walks Supplemented by Back Alleys in Place of Roadways ‘and Sidewalks _ 
Venice, H. M. Meinell. (13) Dec. 2,0 
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CURRENT ENGINEERING L ITERATU RE 


Extensive Railroad ‘Surveys and Their Cost per ‘Mile.* Ww. Ss. MeFetridge, 
Am. Sec. C. B. Vol. 65. | 

“The Re-Lining of a Portion of Cwm Cerwyn Tunnel on an Port Talbot Railway. a.” 

Interurban Electric Railways.* Benj. Franklin. (2) July. 
Continuous Brakes on Goods Trains and the Berne Conference. | (88) Nov. a, ee 

“Motor Vehicles.* C. Peter Clark. _ (Subject for discussion at the 8th Inter. Ry. 

Lines Belonging to Main Railways but having not Much Traffic. ccna (Sub-— 
ject for discussion at the 8th Inter. Ry. Cong.) (88) Nov. Bis: . 

4 Cylinder 4-6-0 Express Engines; Great Western Railway. 
“French Locomotives, their ‘Construction and Working.* (21) beginning 
3-Cylinder Simple Express Locomotive; Swiss Federal Railways. * Nov. 

Compound Sleepers on the Michel System.* Hector Michel. (88) Nov. SS een 

Baker-Pilliod Valve Gear as Applied to Locomotives. James Kennedy. (65) 

The Single-Phase Railway between Rotterdam, the Hague and Scheveningen.* (73) 

Development of a Swiss Single- Phase Railway; the ee -Wettingen Line ne. - 

P. Mann. (13) Nov. 11.0 | 

Articulated Locomotive for the Tasmanian Railways.* a5) Nov. 1 

Tire and Rail.* (12) Nov. 12. 

First Cross-Island Electric Line on Long Island Nov. 

Hamburg (Germany) Single-Phase Suburban System. > (27) Mov. 

Brennan Mono Railway.* (73) Nov. (15) “Nov. 26; (12), Nov. 

Plans and Ordinance for New Union Station and at City, 

Mallet Articulated ‘Compound the Western’ 

“Fast Freight Ruas. Nov. 19. 
Valuation of Railway Properties. Robert Yates. (15) Nov. 19. 

Transport across Sydney Harbour.* (11) Nov.19. 

Passenger and Freight Business of ‘the New Jersey & Pennsylvania Traction a 

Ry. (8) Now. 20; 


Four- Cylinder Simple Locomotives, I, & P. 
British Gyroscope Car. Gam York Times.) (62) N Nov. 22. 
Tables for the Determination of Earth Pressures on Retaining Walls, cS. &. 
60-Ton Combination Weighbridge, with Relief Gear. * (22) Nov. 
Shops of the New Orleans Great Northern R. R. at Bogalusa, La.* | (18) Nov. és 


Track Grading by Machinery.* Frank Cc. Perkins. Nov. 
(25) Dec. 

The Use of Feed-Water Heaters for Locomotives. * (%3) _ Dee. 

Power Improvements of the New and Pennsylvania ‘Traction Company.* 


The Heat Treatment of Spring Steel.* Lawford H. Fry. 


‘= Bs Aids to Railroad Building; Modern Railroad Bed Construction and 


Tableaux et Graphiques pour les Calculs oe Résistance des Tabliers Métalliques sous — 

a Rails a une Seule Travée.* de Boulongne. (38) Nov 


SE Railway Track Construction and Paving.* CRistract of report to ti the 
Amer. St. and Inter. Ry. Eng. Assoc.) (13) Nov. ee 
Concrete Forms for Elevated Railway Construction.* (14) Nov. 13. q 

_ Underground Railroads in London.* C. O. Burge, M. Inst. Cc. E. y (14) “or. 20. 

Testimony in Cleveland Valuation. (17) Nov. 20. Ree 

Reconstruction and Standardization of Cars.* 

Nov. 27. 

Laying Rails in . Reinforced Concrete. (17) Nov. 

Der Gegenwertige Stand der Schnellverkehrsfragen.* (51) 


Sanitation. 


The Sewer System of San and a Solution Storm-Water Flow 
Problem.* E. Grunsky, M. Am. Soc. C. E. (54) Vol. 

v4 Caisson Disease and its Prevention. * Henry Japp, M. Am. Soc. el (54) 
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Aberdeen Main-Drainage Works: 
‘The Sewerage Problem of Harrisburg, Pa. M. B. Cowden. | (98) - Sept. 
The Disposal of Manufactural Wastes. Frank A. Barbour. (98) Sept. “eres 
A Combination Ventilating, Heating and Cooling Plant in a Bank Building.* 


M. Feldman. (Paper read before the Amer. Soc. of 


q 


Warm-Air Heating.* Chas. L. Hubbard. 7 (70) Serial beginning Nov. 
Method and Costs of Constructing Concrete Sewer and Lining a ‘gedaan 
with Concrete, using Collapsible Steel Centers.* (86) Nov. 10. 
Aerial Distribution of Sewage over Percolating Filters.* v=. “Gavin Taylor, 
Am. Soc. C. E. (13) Nov. 11. 
Some Notes on the Separation of Solids from Sewage and Waste Liquors.* _ : 
P. Norrington. (Paper read before the Assoc. of Mun. and Co. Engrs.) _ 
Construction of the Baltimore Sewage Disposal beginning 
Heating and Ventilation of the Museum of Fine ue eat (14) | Nov. 13. 7 
- The Calumet Drainage Channel of the Chicago Sanitary District. (13) Nov. 18. 
A Study of Day Labor Costs of Sewer Construction in ieee and Some ‘Com- 
parisons with Contract Costs. (86) Nov. 24. 


"Sewer Construction in San Francisco. BD. Joh (14) Nov. 27. 

Explosions of Sewer Gas in New York City. A. A. Breneman, ~ Am. Chem. Soc. 

The Construction of the Bronx Storm Relief oe (14) Dec. 4. ven 

_ Experiments on the Passage of Bacteria through Soil. Fritz Ditthorn and Arthur 

‘Guerssen. (Abstract from Gesundheits-Ingenieur.) (14) Dec. 4. 
Travaux A l’Air Comprimé, Mesures de Protection et de Salubrité. (Circular ot 
‘Le Ministre du Travail et de la Prévoyance.) (43) Sept. oo — 
Etude Chimique de la Gadoue de Paris d’Avril Octobre, 1908. 
L’Hygiéne dans les Verreries.* Henri Mamy. (33) Oct. 
Fours Kori, pour Hopitaux et Abattoirs.: a M. Bousquet. 


Concrete Piles. * Howard J. Cole, M. Am. Soc. C. E. (54) Vol. 
Tests of Built-Up Steel and Wrought- Iron Compression Pieces. ' Tal- 


bot, M. Am. Soe. C. E. and Herbert F. Moore. (4) Vol. 65. 


‘Some Recent Grain- -Handling and Appliances at the ‘Millwall 
_ Experiments on the Strength of Reinforced-Concrete Beams.* ‘William 
Charles Popplewell, Assoc. M. Inst. C. E. (63) = 
Portland Cement : : The Immediate Immersion or ‘‘Cold Plunge” Tests for Sound- 
ness. (Abridged.) Arthur Charles Davis, Assoc. Inst. E. TT. 
‘The Bone Retaining Wall.* (67) Nov. 
“> and Cost of ee a 66-in. by 160 | ft. Steel Stack in One Piece. oa (86) 
Ov. 


10. 
Settlement of ‘an Old ‘Pile Foundation Sudden Alarm. (13) Nov. ii. 


Physical Properties of Iron-Copper -Alloys.* Charles. “Burgess and James 
: Aston. (Paper read before the Amer. Electrochemical Soc.) (20) _ Nov. 11. 
Quincy Market Cold Storage Warehouse, Boston.* (14) Nov. 13. , 
New Holder for the Enfield Gas Company.* (66) Nov. 16. 
Shield Method as Applied to Sinking Building Footings ; Chicago & 
western Terminal, Chicago.* (13) =Nov. 18. 
Experiments on Conveying Concrete Through Pipes under ‘Air Pressure.* 
Buzzell, Assoc. M. Am. Soc. C. E. and William H. Larkin, Jr., M. Am. Soc. 
® The Corrosion of Copper and Brass. E. L. ‘Rhead. _ read. before the Inst. 

Large Concrete Pillars for a Difficult ON 
-Underpi nning Buildings near Excavations, New York City.* (14) Nov. i 
‘The World’s Largest Chimney.* Herrick. (45) Dec. No c 
Coal Tar Creosote. G. B. Shipley. _ (Abstract from Industrial Progress. ) (83) 

The Revised German Standard Specifications for Portland Cement. M. Gary. 
Abstract of paper ‘Tead before the he Inter. / Assoc. for: Testing Maierials.) 
Dry Rot the Cause of Collapse of a Factory Building ‘during a “fre HL 
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Altoona Foundries, Pennsylvania Railroad.* (15) 
A Government Balloon House. De 4. 
The Nashawena Mills, New Bedford, Massachusetts. (14) Dee. 
Cost of Two Methods of Concrete Construction. * “Mason D. Pratt. (14) 
Pro Calabria e Sicilia. Giulio Revere and Vittorio Gianfrancéschi. (Abstract — 
— en Béton de Ciment Armé, Systéme L. Monnoyer et fils.* 38) 
“L’Bssai des Métaux aux Efforts Alternatifs. * Henry Le Chandos. (Abstract of 
_ paper read before the Inter. Assoc. for Testing Materials. > Cs Nov. 
4 
Sicherung von Gebiuden Bergschaden. Withelm ‘Breil. (78) “Oct. 30. 
Schliesse im Scheitrechten Ziegelgewélbe.* F. v. (78) Ct. 
Bewehrte Sterildecken.* Emil Mogensen. Oct. 30. 


‘Versuche tiber die Tats&chliche Widetstandsfahigkeit von Balken mit C- -férmigen 
Querschnitt.* C. Bach. (48) Oct. 30. 


-Verhalten des Betons bei Niederer Temperatur. * (80) Nov. 6. 
_ Eisenbetonkuppel- und _ Wolbekonstruktionen. * Karl Maut (Paper read 
before the Deutsche Betonverein.) (80) Nov. 20. 
<a 


Hyaro- -Electric Power anada.’ . * Cecil B. “Smith, M. Am. 


Waters of the Great Lakes. Dole. (28) Sept. 


Development of the Camaguey Wa Water Henry” 

The Poughkeepsie Water Westen: John “Otis. Sept. 
Disinfection. as an Adjunct to Water Purification. Clark and Stephen 
Odors and Tastes in the Water Supply of Holyoke.* - James L. Tighe. (28) Sept. 
The Ludlow Filters. Carroll F. Story. (28) Sept. | - 


Water Supply in the Metropolitan Tower, New York.* (70) Nov. pied 
Building the New Reservoir for New York’s Water Supply. (67) Nov. | 


Waterproofing a.Shaft of the Blue Island Ave. Water Tunnel at Chicago. * (13) _ 


The Standley Lake Dam , near Denver, Colorado.* (14) Nov. 13. he 
The Bernhart Sand Filters, Reading, (14) Nov. 
Wallkill River Hydro-Electric Plant, Walden, New york, Harry Ww. 
‘(Abstract from Cornell Civ. Engr.) Nev. 
Pumping Plant and Filters.* Thomas Wilson. (64) Nov. 16. 
Some Detail Tunnel Costs in Tunnel No. 7 of the Los Angeles Aqueduct. - 
5 | Methods and Cost of Working in the Red Rock Tunnel during a Month of Record 
™ Method of Calculating Horse-Power. be (Abstract from 
_ The Water Supply System of Newton, Mass.* (14) oo —_— 
Water Purification at Wilmington, Delaware.* (14) | Nov. 20. 
Huge Venturi Meters Registering 625 Cu. Ft. 
_ Plant, Madras, India.* (13) Nov. 25. 5 
The High Pressure Fire Protection System, W innipeg. (14) : 
A Collapsible Steel Dam at Garland, Utah.* (14) Nov. 27. ays hy 
Wash-Prill Borings for the Standley Lake Dam. Nov. 27. 
The New Water Filtration Plant at Toledo, Ohio, with Data on Contract Methods ms 
The Partial Failure through Undermining cf the Dam, New Mexico. (13) 
The East Orange Water Wells Decision. (14) ‘Ded. 
Cost of Laying Water Mains at Cheyenne.* H. G. Porak. dae ie + 
Experiments on the Passage of Bacteria through Soil. F ritz Ditthorn aah tial 
Luerssen. (Abstract from Gesundheits-Ingenieur.) (14) Dec. 4. 
The Pipe Line of the Cafion City Water Supply | System. ila = Dec. \ 
Setting Heavy Steel Flood Gates.* (14) Dec. 4. 
Note sur l'Irrigation de la Plaine de Konia (Asie (43) 
Ueber den Antrieb von Hubkolbenpumpen durch Turbinen. Hans Wetti 
Die Turbinenversuchsanstalten und die Wasserkraftwerke mit Wasserkraftspeic ‘me 
— der ro J. M. Voith.* Fritz Oesterlen. (48) Serial beginning Nov. .6._ 
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Waterways, 
The Waters of the Great Lakes. R. B. Dole. (28) Sept. © 
The Pollution of the Merrimack River. (Abstract 
Transport across Sydney Harbour.* (11) Nov. 19. 
at Panama during the Last F iscal (14) 275 

ov. 25. 

The King’s Dock, Swansea. (12). Serial beginning 19; (22) Nov. 
Lake Currents near Toronto.* F. W. Thorold. (96) Dec. 3. Be 
The Improvement of the Mississippi River. Dickinson. (Abstract of “report to 

the Deep Waterways Convention.) (14) Dec. 

Protecting Levee Slopes with Concrete.* (14) Dee. 

Schwimmerschleuse mit Riegeln und Bremsen.* Fr. Jebens. (81) “Vol. 6, 1909. 
Der Bau Zweiter Schleusen bei Wernsdorf und Kersdorf. (Spree- -Oder-Wasser- | 
strasse.)* Engelhard Zimmermann. (49) Vol. X.-XII., 1909, 
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REPORTS OF SPECIAL TES 
OF SPECIAL _ COMMIT 


ress 


The Board of Directi n 
American Society of Civil ‘Bng 


Your Special Committee, appointed May 4th, 1909, to report on 
} “Bituminous ¥ Materials for Road Construction — on Standards for 


ig ‘Their ‘Test and Use,” “respectfully presents the Progress 


On receiving a of its appointment, your Committee porn 
ly W. W. Crosby, Chairman, and A. Blanchard, Secretary. 


“cerning its was so i in both form and character 2 as 
¥ render it impossible of satisfactory use by the Committee, hol 
“question of securing additional information on uniform lines was 

As actual construction | had already begun in many - instances, it 


_ seemed imperative to est establish | at the earliest possible moment a q 


4 


schedule of information concerning such work, Ww hich should cover 
all the points on which it appeared that information was necessary, and a 
yet which should, if possible, not ‘be so extensive in form as to deter a - 3 


anyone fr from attempting to respond to a large portion of the —— ; 


In preparing this schedule, the earlier reports from mi many sources 7 


oy were considered, and, as far as seemed to the ‘Committee practicable, 

an n effort was made to include in its schedule the points that seemed 

to others important. Its was also found necessary, in 1 order to secure 

; uniformity, to suggest methods for arriving at some of the figures 

“requested. As far as it seemed practicable, already standardized 

BB methods were adopted and only ‘such changes i in ordinary methods — 
on as seemed necessary for accuracy or improvement. In = r 


Anstances new n methods had to be devised. 
The € 


1g most. 
the views of the majority. 
 Acircular letter was then prepared, explaining the intentions of the — 
and the co- assistance of those 


pecial Committee on Bituminous Materials 4 
4 
- 
— 
: 
7“ 
“tummous materials to many engineers and chemists, conversant with 
subtest. for criticism and suggestions. After considerable cor-. 


REPORTS OF SPECIAL COMMITTEES 


ed National State, Town and City Highway Engineers and 
"Officials, and to Chemists, Manufacturers rs of, and Agents for, Bitu- 


-minous Materials. More than 800 letters were sent out during August 7 
replies: already received, your ‘Committee feels” greatly 


‘couraged by the interest manifested i in its work, in spite of, as_ we 


“recognize, the amount of work requested by | it of its correspondents. q 
The States of Maine, Massachusetts, Maryland, Pennsylvania, New 
_ Hampshire, New York, and Rhode Island have agreed to report to the 
Committee’ on the bituminous macadam roads constructed during 1909, 
‘including the analyses of the bituminous materials used, made in 
accordance with the methods suggested by the Committee. 
At this” date, your Committee searcely ‘Teport more than 


cannot be drawn on most points until thes 


“justified in time to at the Meeting. 
- The Committee begs leave to express here its profound iin: 
of the courtesy and material assistance rendered it in its work by your 
Secretary, Charles WwW /arren Hunt, 


and also the engineers, 
chemists, and manufacturers 1 with whom it has had the good fortune © 
to. come in contact, and to sign | itself 
AW. Dean. 
H. Brancuarp, Secretary. 
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Progress Report of the ‘Committee on 


To the Members of the American Society of Civil Engineers in Annual — 


The ‘Special Committee authorized by vote of this ‘Society ‘ “to con- 
‘sider and report upon 1 the design, ultimate strength and safe working 
values of Steel Columns" and Struts” submits 1 the report of 


— n Jar (1909. Since’ 
PP four meetings a ‘the Committee as a whole ~~ numerous 


sub- committee meetings have been held. Time and labor have been 
spent in . collecting | existing literature on the subject of “tests: of com- 
‘Pression 1 members, in investigating and compiling the data now accessi- 

, ble, in a preliminary consideration of the extent to which it is safe to 

conclusions: from data now available, and in a study of 

4 possibility of securing additional information. At the last— Annual: 


a Meeting, your Committee submitted to the Society a resolution request- _ 


testing to destruction compression ‘members of large dimensions. 7 


our Committee: finds 1 that there are at present available for use 

‘in this” country, but three testing machines of large size, while only 

two are capable of making compression tests. The data giving principal 


‘dimensions and eapacity of the machines are submitted in the follow- 


DataR ELATING TO Teena 


neers, 
ortune 


_ ing the United States Government to construct a a machine capable of See 


... 2 600 000 lb. 4 000 000 Ib. 500 000 Ib. 
for compression tests. 2 600.000 Ib. none 000 Ib. 


Date of 


\ ‘ension ft. 39 ft. 20 ft. 


Hydraulic 


mery 


‘Height from floor centerof 


‘About 4 ft. ft. atin in. 


machines will “in the near future by” two 


“other. A vertical machine of 10 000 000 Ib. capacity in compression, c 
capable of testing columns up to 65 ft. in length i is now being built oa : 

the G ological ‘Survey. This ‘machine’ will be located - in Pittsburg. 
Under of the Congress 1908- 09, the Bureau of 2300 00 Th, 
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This is to be located at 

Your Committee | has examined the records of numerous: compres- 
‘sion tests made on pieces: varying in area of cross-s¢ “section fi from . labora- 
tory specimens to | 42 sq. in. _ Ww hile the results ¢ given by ‘small s specimen 
tests are interesting, your Committee has selected only the tests of 
columns large enough to be used as structural members, and these have 
— been plotted on Figs. 1 to 22, inclusive. Fig. 23 gives a summary of 
oF results.* Your Committee hes also considered some tests which it is 
“not ‘now at liberty to publish, 1, and it is expected that the data given 
in this report will be supplemented from time to time as ee Lan other — 


ests become available for publication. =n 
i sendin of — (length di divided by rad radius — of gy ration) as a variable, 


your Committee realizes that r _may not be the only variable affecting 7 


strength of a column of length. Shape, details, | and 


sions, may make the results very different in columns having the same 
of —. Until many 1y extended series of tests afford more informa- 
tion with reference to these elements, it is necessary to follow common 


ay. 


ee reduce the results of the various series of tests shown on the 
_— to a uniform basis, the values have been adjusted t to a a grade 
of steel of 60 000 Ib. ultimate tensile strength i in 1 specimen tests, by a assum- 
po that the ultimate compressive > strength will vary as the > ultimate 
tensile strength. This method of adjustment probably does not accu- 


a _ rately represent the law of variation of the different grades of iron and_ 
q 


steel, ‘still, as » the adjusted value isa fair medium between the older 5 


“s casual examination of "the plates shows a meager range of experi 


ments, made on no systematic plan, and a striking - disagreement of 
results, even after adjustment for quality” of material. Tt is evident 


that these data are not sufficient for the establishment of a satisfactory 3 


for the strength of columns. This emphasizes the importance of 


further “tests on columns arranged series under conditions of 


_ material, workmanship and details, which will aid scientific serve 
in 1 the establishment | of the effects of the different variables. 
a At the time your Committee was appointed, circumstances ; caused a 
ted a demand for tests to destruction of compression members equal in size t0 
largely by both the popular | and technical press, but careful consider” 
tion and study lead to the conviction that while such tests are desirable, 


2 


the largest ever built for existing bridges. This demand was backed a 


bye, 
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7 the cost 0 of making them i is so great that there i is no chance of obtaining 
al sufficient number to disclose : any fundamental law. Elaborate s series 
of tests on smaller columns, in which the details and processes of manu- 
facture conform to commercial practice, would disclose the effects of - 7 . 
the different variables and would determine the fundamental laws of a ; 


the behavior « of columns under stress. Such a series of tests, with the 


necessary investigations, should properly be made by the Federal 
Government. For comparison with the results obtained from 


to allow more than an occasional test, and too large _ to be handled — 


conveniently, would afford v valuable data, 


ment giving values for ultimate strength ‘safe stresses 
compression ‘members, but in their opinion existing data do not warrant — 
the recommendation of any definite column formula. Until the subject 
ean be studied more at length and until more extended series of tests 
hi have been made, your Committee. does not « deem it advisable to a 
a eate the situation by offering a a tentative formula which would vary | 
- g = but little from other formulas now in use. When the results of further 


tests become available for study and investigatio n, your Committee 


hopes to be able to make a recommendation for a column formula. 
on the Alfred P. Boller. 1 | 
a grade = Austin Lord Bowman. f 
ot accu: ‘Ralph Modjeski. 4 
iron and Frank ©. Osborn. 4 
he older Geo. H. Pegram. 
yf experi F. Swain. 
ement ol Emil Swensson. 
evident J oseph R. 
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Column 2 tested with round ends;| | No, 
Allothers with fiatends 


“7 


Adjusted to 
Average ultimate x fo ; 
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COLUMN TESTS. 


Phoenix Iron Co. at Phoenixville, Pa., 1873. 


Burr,- “Elasticity & Resistance of Materials.” aos 


142 


160 ~—«180 
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ia],| Elastic Limit, |Ultimate Tension, |Length Elastic Limit,| Ultimate 
Columns 21 & 36 tested with Pin Ends; , | Material. Specimen Test. Specimen Test, . |Sq.In. Compression.| _| 


All others with Flat ie 


—Adjusted to 60 
Average ultimate x $0000 
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COLUMN TESTS. 


whoeenix Iron Co. at Phoenixville, Pa. 
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G.Bouscaren. 
Transactions, Am. Soc. C.E. Vol. TX, 1880. 


No.11 tested with round ends;  |Material. Section. 
Allothers with fiatends. — 


/\—Adjusted to 60 000 Ib. 
Average ultimate x 
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Watertown .Arsenal, 1881, 
All Columns tested with pin ends Elastic Limit,|Ult:mate Tension, 
Specimen Test 


48 510-50 870 
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— Adjusted to 60 000 Ib. 
Average Ultimate x= 
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erial, | Elastic Limit, [Ultimate Tension, [Length lSection |-Z.| Elastic Limit,] Ultimate 


All Columns tested with Pin Ends.|_| Test | Mate 
No. |" "| Specimen Test} Specimen Test | Inches /|Sq.In, Compression |Compression 
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COLUMN TESTS. ‘ 
gg"Channels Latticed. 
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¢)- Elastic Limit. 

Adjusted to 60 000 Ib, = 

; 40000 a 
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Elastic Limit/Ultimate Tension; Length} Area, 
i Inches | Sq.In. 


COLUMN TESTS. 
@ChannelsLatticed $§§ | 
Watertown Arsenal,i881, 


|Z |Elastic Limit} Ultimate 
Section] > | Compression | Compression 
48510-50870 | 53 | 
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All Columns tested with pin ends, pins horizontal, 7 
Columns 1638-39-36-37 made with sides swelled, 3 

| | Columns 1632-33 tested with pins at center of gravity. 
|_| Columns 1630-31 tested with pins iter of gravit; 88680 
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60.000 


109 69 
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— Elastic Limit. 


Iron. 
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Columns tested with pin ends.| _| 
Pins horizontal for Columns 
_ Pins vertical for all others. 
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Average Ultimate x 
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COLUMN TESTS 


8'Latticed and Box Columns 
Watertown, Arsenall888 


Section 
Specimen Test} Specimen Test ay . |Compression 
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. 
Nos,350 & 351 tested with pins 
ofgravityofchannels, 
2 Nos.352 & 353 tested with pins at center 
of gravity Column Section, = 


O- 


No, | Material) Inches 
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COLUMN TESTS, 


Columns 10 
Watertown Arsenal, 1884. 


Length, 


| Average 50 000 
(Probably) 


160 
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COLUMN TESTS. 
Columns 6 and under, © 

Watertown Arsenal, 1884. 

Nos.377 & 378 tested with square ends; ; —— 


All others with pin ends. | 
Average 50 000 


= Tron. 56 

/\=Aajusted to 60 000 1b 
Average ultimate x oe 
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- The Action of Frost on Cement and Cement Mortar, Together with Other Experi- = 


A By R. MaTTHEW Ss, Esq., and James: Watson, Ese 


The Bonding « of New to Old Concrete. 


eee 


Discussions: 


The Improv ement of the Ohio River. 
By THERON M. Ripiey, Assoc. M. Am. Soc. 
E leetrie Raliways in the Ohio Valley Between Steubenville, Ohio, and Vanport, 7 i 
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AMERICAN SOCIETY OF CIVIL ENGINEERS | 


PAPERS 2=RS AND DISCUSSIONS 


in ar any of its |.- 


THE. ACTION OF FROST ON cE EMENT AND CE CEMENT 


MORTAR, TOGETHER WITH OTHER EXPEI 
_ MENTS ON THESE Mz ATERIALS 


By Ervest R. Marruews, Eso.,* axp James Watson, 


(To BE BE PreseNteD Marcu 


This p paper deseribes in detail a series” of experiments, extending 

7 wun the past two years, made by the writers, in 1 order to ascertain : 
_ ‘The effects: of frost, and alternate frost and thaw, on the tonsil 


= strength of and cement m 


fresh water, cold or warn 
(b) sea- -water 


‘The temperature is 


The effects produced by i immersing concrete in— 


(a) fresh water, hard soft, 


@) sea-watery 
of water by 


nal Note.—These papers are issued before the date set for presentation and discussion. 
Correspondence is invited from those who cannot be present at the meeting, and may be 
- sent by mail to the Secretary. Discussion, either oral or written, will be published 
in a subsequent number of Proceedings, and, when finally closed, the papers, with & 
_ discussion in full, will be published in Transactio 
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, Quantity of water required to be added to cement to produce com- 


‘The results of these ‘experiments are not only interesting, 


should prove of v alue to engineers generally. “2 


Hull Cold Storage Company, of Hull, ‘England, kindly allowed 
the writers to its refrigerating ‘rooms order to obtain: 
‘degrees of frost necessary for these experiments. ‘The cement used 
was that manufactured by Robson’ 's Cement ‘Company, of Hull, : and 


all the e experiments were -earried out at ‘the laboratories of that firm, 
in in hel, these being kindly placed « at the disposal of of the writers. Tw 


CEMENT ‘Usep EXPERIMENTS. 
7 The particulars of the cement used are a8 follows: Made on 
January 28th, 1907. Residues on a 5 T76-s -sieve ‘(that is, having 76 
meshes per linear inch) 0.5% 5 residues on a 10000-sieve (having 


meshes per “ineh) = = 2. 0% ; 5 residues, on a 400-sieve 

(having: ‘180 meshes linear inch) = 11. 5% (showing that the 
was ground ‘extremely fine). "Specific gravity = 3.112 
= = 54. 5%; Le Chitelier tests, expansion = 2.7 m mm.; Faija bath test, 

nt pat and time of set of neat cement with 25% 


water: Initial set = min. permanent set = 6 hours, in a room 


at a of 60° 


Strains. | Neat Cement. 
. per sq. in, British Standard Test, 400 Ib. per sq. in, 


500 


| 


Te nsile a One Part C Cement and Three Parts ‘Sand. 


“Mixed with three parts by measure of sand, — with no hamm 


riquettes into moulds, its mean was: 


a 
— 
«Gg 
— 
4 
= 
7 
“tonsil 
days = 
ering 
j 
aiscussio®: 20 lb. per sq. in. 
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Alkalies and loss... .. 


tak) 
The sea- ea-water_used experiments was 
North ‘Sea; the fresh. water was drawn from ‘the Hull Corporation 


mains. To obtain the soft water, , the | temporary hardness of this water 


was removed, the permanent hardness heing from 3 to 4 degrees. 


<a The experiments herein will be compared with the tests just | givi en, 
which will be referred as the “Normal Tests.” 


EFrects | oF Frosr. 


The effects of frost, and frost ar and thaw, on ‘the tensile 


of cement and cement mortar when mixed with fresh 


_ water—cold or warm, (b) sea- water; and the temperature below which 


oe it is detrimental to mix Portland cement concrete, were determined 


A. —In this experiment the > writers set out to discover 

the weakenin effect, ‘upon freshly mixed cement, of continuous: light 
frost, tem 29' ° Fahr., ond of heavy frost, 5° Fehr. Nine 
briquettes w were with neat cement, 20% water, n the laboratory, 


men 


the temperatur air being 60° Fahr. were” taken 


‘moulds 24 hours gauging | and placed i in cold stores, s, tempers 


Fahr., and were broken at 7 and (28° days, respectively, the 


| 


(Papers. 
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quett, 


These 


mainder of time. 


Int test will that there is 


“40. 9% in tensile strength, and an increase of 3. 4% in the pion y 


Experiment: B. —Nine briquettes, made the manner as 
E xperiment . A, were at Fahr. Three were taken out the 


in Pounds per Square I Inch. 


Normal in In water at 60° water at 60° In water at 60° 
_ air, 60° Fahr. ‘Fahr. for 2 days, Fahr. for 7 days, Fahr. for 14 days, : 


for24hours, theninairat §theninairat  theninairat 
in water. 29° Fahbr 


29° Fabr. (29° Fahr. 


oe and 28 aps at 60° Fahr., the result one: 


= 


Av erage tensile strength at 7 days = 443 lb. per ‘sq. ‘in. 


tie “Gy 


14, 28 days i in 


at 60° Fahr. 


24 hours in air at 60° Fahr.. a 


8 SAND J AND Ceuent Tests (3 To 1): SAME as — 


Days, Normal test. | — 


Bia, 


—Effect of Alternate Frost and Thaw.—The bri- 
quettes were allowed to remain 24 hours. under then 


— 
ts as follows: 
= = Normal teste, 24hoursinair Ingipat 600 baby hours H 
= «: at 60° Fahr.,in water [i 
| 
7 days, for 21 days, and the other three, at 14 days, for 14 days. All were WE : a Ss 
the > — 
tion 
vater 98 days. — 
Experin 
ven, harden in a 
fresh 
1ScoV — 
Nine 
a — 


in water for three days (60° Fahr.), then in water at the cold a Ss 
(temperature. varyin g from ag? to 60° Fahr. 2. The briquettes were 


Btol. 


Experiment E. .—This test was: the same as A or D, but the briquettes r J 


“were gauged with warm water; temperature, 100° -Fahr 
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changed every three 


| 


—(Salt- W —Nine briquettes were 

mixed with freshwater, and, ater 24 hours, were immersed in al 


water, and broken at 7, 14, and 28 ‘days. 

LAL 
— 

242 
278 

360 


Experiment G.—Nine briquettes were’ mixed Ww with sea- -water “(same 


before), 


7a MIXED WiTH FRESH WATER 


y ‘a 


Neat. | | 


set, 9 9 min. n.} final set, 6 
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Experiment line briquettes were mixed with sea- 
“after 24 hours 1 under damp flannel, were immersed in fresh water for 


‘the remainder of ‘the time. 


Experiment K- —Same test as A, but the briquettes were kept i 


—Licut Fro 


> 
= K.—Heavy Frost. 


were briquettes were taken from the cold ‘stores to 
sea- miles away, and w were of 
n. after leaving the cold stores. 
Experiment L. —T he briquettes, 24 hours were re put 
into water at 60° F ahr. 6 days, then placed in the stores at a 
emperature of 4b ahr. for the remainder of ‘the time 
2000 7 AT 60° FAHR. FOR A DAY 
2% OR TWO AFTER HAVING 
353 BEEN IN COLD STORES AT 
15° Fawr. FOR 28 DAYS. 


W 


M— sriquettes were put directly into the cold 


| 


rs as 


| 


— 
— 
— 
| ST NORMAL. 
if 
i 
a 
: 
sto. 
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Experiment N.—T he briquettes were n made with neat cement, and 


placed, some in air at a temperature of 60 ° Fahr, and others in | 

air ata temperature. of 29. 3° Fahr. (2.7 of frost) 15 min. those 

in air at 60° Fahr. _ were still soft, while those subjected to frost had 

just frozen hard at ‘the expiration of that ‘time. Briquettes mixed 

- with sand and cement (3 to > 1) were s subjected to a similar test. At 

the expiration of 15 1 min. those in o ‘temperature of 60° \ were 

° 
still soft, while those in in a temperature of 29. 3 Fahr. had just frozen 


hard; and at a temperature of 27° ‘Fahr. (8° ‘below freezing point, 

Fahr.) \ were frozen very , hard indeed at the expiration of that time. 7 
Conclusions from the Foregoing Experiments.— —These 

tions | have | led the writers to the following conclusions : 


ga auged, as indicated i in Experiment A (3° © of frost, or thereabouts), i is. 
detrimental to freshly mixed Portland cement, but only fee: a short 
time, and that at the end of 28 ‘days it has quite regained its normal 
strength. q If the frost occurs immediately after the cement. has been 


a gauged, the effect i is s more detrimental, and would appear to be ‘perma- 


=, 


qd) That light frost “occurring 24 hours after | the cement | has been 


“nent (wee Experiment M). A minimum quantity of water should | be 


4 That heavy frst ‘ost, or thereabouts) has a in- 
reshly mixed cement (neat), and 


as indicated 
or cement ‘mortar: if it has. 


(4) “That the de 
to bi] occurs more upon neat cement, but that 
cement mortar recovers from the ill effects of frost more ‘rapidly - 
‘ neat cement. At the end of 14 4 days it has quite recovered (Experi: | 


6) That the m mixing ng of cement or cement ‘mortar with warm Ww ater 
ire 100° Fahr.), , which is ‘sometimes done in 


by some me engineers,* has a 
permanently injurious" effect u upon cen 1ent cement mortar. 7 This 


be se seen by reference to -Experim 


I 
— 
— 
| og 
— 
— 
— 
— 
— 
| str 
— 
— 
— 
— 
| 
— 
" 
= 
Experiment A, does not affect cem 
attained 2 dave’ sot previous to the ocourrence of the frost | 
— kine 
— coner 
| 
‘ef 
ater) 
— 
— 


remaining in water, 
‘strength: when remaining continuously in air (Experiment 


the former being 55% stronger than the latter 


stronger a at 14 days, cand 1.8% stronger at 28 days. 
strength 


being the same. under both conditions. 


‘That it increases temporarily the tensile strength of cement 


and | cement. mortar to immerse them in sea-water 24 hours after gaug- 


“ing, instead of f immersing th them in fresh” water; but the increased 


= 
strength is only temporary (Experiment F). 


(8) That there is an ional reduction i in the | tensile strength 0 
briquettes mixed with sea-water and immersed in a-water_ (Expe 
ment G) over those mixed with fresh water and immersed in sea- 
ater (Experiment F). At ‘the end of days ‘the: strength of of “the: 
mes 
é | ta former equals that of the latter, but after that period a a depreciation 
again ‘sets in, so so ‘that at days” there is a deficiency of 5% in the 


(9) That the initial set of briquettes mixed with se: -water i is 9 min.; 


permanent set, 6 hours When mixed with fresh water, the former 


of 


‘is 35 min.; the latter, 6 ‘has rs (Experiment G). Speen 


(10) ‘That cement. and cement mortar mixed with sea-water, and 


immersed i in fresh water 24 hours s afterward, have less tensile strength 


when mixed ed with fresh sh water and and immersed 


that being de freezing ng point of concrete. 
E E FFECTS PRoDUCED BY IMMERSING CONCRETE IN FRESH WATE 
(Harp or Sorr), AND IN Sea-W 


Neat Cement —Neat-cement briquettes (mixed with 20% of fresh 
water) were immersed in fresh water (both hard ond i in 


“water after: being in the me moulds. for 24 hours 
“absorption - finished at the en end of the seventh day: : a) ‘The water 


A 


oa by, the in hard water at the end of seventh 
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ia fat the end of days, 
 ® 
— 
n 
5- — 
en — 
vail 
y 
fresh water 
has § ial 
7 Kul the process of hardening in the briquette, but only delays it. if = 
1t would appear from Experiment N that it is detrimental to 
— 
than — 
8 — 
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in: sea- -water = = 3. 92 per cent. 


Sand waa Coment, 3 to ‘. —As in the ease of neat cement, just | 


“deseribed, no absorption took ‘place after the seventh day. The 


briquettes i in hard water absorbed at the of. the seve sevent! de 
24% of waters in soft. water, 84%; (3) in sea-wate or, 4.5 
-eent. In 1 the case of neat cement, and sand and cement briquettes, 
similar to the fore regoing, but to for 7 d days previc ious to 
_ immersion in water, the following results 


24 immersion » “hard 2) 
‘soft, and -sea- ner eased absorption 1.7%, 
counterbalancing the previous loss. On ‘continued immersion a 
further gain of only 03 3% in weight ; was obtained. The ‘results: of 


tensile tests. at 28 days ‘were: @ = 875 (2) — 760 Ibs and 
(38) = == 835 Ib. per sq. in. The absorptions were most probably 


due to the partial” set of the cement in the « center of the briquettes 


during the 7 days’ drying in the air, and the prevention of the 


free percolation of | the water, r through | 


With sand and cement, during 7 T days in air r, the, loss of moisture 


2.2%; then, after 24 hours’ immersion, the ; in 
hard water = 3. 4% in ‘soft’ wate er = 2.0% ond (3) 


water = 2. 8 per cent, The results of tensile tests a at 28 days: were: 
= (A) = 360 Ib., (2) = 360 Ib., and (3) = 330 Tb. per sq. in, ti. 

‘ “from: the Experiments. That 
absorption takes place neat 


after immersion in \ water fo for 7 ‘day 
cement immersed in fresh water, for 7 days 

ed i soft: fresh water for 


hours 
immersed in sea- — for ' Td ys it absorbs 0.46% 
"more than when immersed | in hard fresh water, and 1. 0% more than 


immersed in so ‘soft fresh water. 


4) That ¢ cement ‘mortar (3 to absorbs the when 
immersed in either | hard or soft fresh water, but when immersed ip 


That neat cement and “cement “mortar, w 


fresh w water, have practically the sa same absorption in 


2% 5 @) by the 
t 
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— 
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of 
| 
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eat cement immersed in soft fresh water r absorbs 0. 


than cement mortar to 1 and that cement immersed in sea- 


Ww vater absorbs 0.58 8% | less than cement mortar. - iii 
That neat. cement is exposed to air for 7 days” after’ 
‘ing it lo oses 1. 1% of its weight, but when ‘immersed for 
i either ted. or soft fresh water, or sea- “water, 


ich just. ‘counterbalances the previous loss. : 
That after this loss has been made “good, and the immersior 


iquettes is continued, there is a further ‘gain of 13%, which 


(8) ' That | cement mortar 3 to 1) exposed to air for 7 days after 
gauging loses 2.2% of its weight; but. - after 24 4 hours’ immersion in 
fresh water the absorption is incre eased to in soft weer 


‘it is 2. 0%, and in s sea-water_ ‘it is 2.8%, showing that soft ‘water is 


more slowly than hard water, ‘and ‘that sea- -w water is 


slowly absorbed than: hard 2 


«periment 1. —Dry cement was ‘compressed 
press, the same amount in each ‘mould. ~The moulds were then al- 


| lowed to stand in water for 24 hours. 4 —s was an average 


crease in weight of 14.9 per cent. 


the correspondingly. ‘from 18.2 to 17. 1 


The. writers then took quantity of cement and com- 


‘Ex erime -The cement ‘in was, ‘then chan ed 


pressed | it into the , same bulk as at first, and found that the « ab- 
‘sorption after 12 hours = 12 12.3%; after 24 hours = 14. 4% ; after 48 
he = 14. 8%; ; after 4 days = 15. 1%; after 8 days = = 16, A% 5 after 


ays = 16. 8% (constant) ~ 4 


cians from the Foregoing Barperiments—(a) when 


in water for * sorb from 


to the thicknes 


16. e enc 
4 


— 
i 
> 
| 
+ 
a 
— 
— 
ON OF WATER BY (Dry) CEMENT. 
4 
days 
— 
=" 
= 
whe 
se : 6 
§ (b) That the absorptior . 
ses. (©) That no absorption Takes place after 3 days’ immersion. 


ND MORTAR 


r WATER REQUIRED To Be Appep To CEMENT ‘to Propuce 


ANTITY 
to the formula la laid | down Ohitelier 


SiO, + water = CaO SiO, 24 H,O +2Ca (OH), 
85. A% of water would be required to be added to cement for com- 


plete hardening, and the hardened cement, therefore, would contain 
262 2% of wat water ‘in combined ‘state. From the figures the writers 
give, this is found to be by no means the ease. Possibly the re- 
“action is not so complete, as Le Chitelier works it out by theory, and, 
although more water is combined by using an excess in gauging, yet 
the test becomes | less and the strength i is impaired, for Dr. ‘Michaelist 


found that, ‘by sealing up some very finely ground cement with 


‘of water for four weeks and then drying it over sulphuric acid, 


~~ 


a a loss on ignition was. shown n which equalled 27. 5% of water absorbed. — 
The results of the writers’ rs’ experiments are as follows: 
Bzperiment A —Neat- cement test p pieces gauged water, 
gave moisture = = 


after 14 t days’ immersion in w — free 


bin ed = = 9. 1%; after 28 de 
ae ‘12. 14%; ; combined = 1 
Experiment B- 


1.75%, com- 
immersion they gave moisture 


— 


—Mo 
gauged with 10% of water, § hours were in wate 


and | kept the there for’ 


14, and 28 


d 2 2 


Free water at 105° 


cent. Combined water. 


68.68 


10, 
29 


Experiment C. —Neat “cement test pieces were gauged with 20% 


ed in 


of water, , and, after 24 hours under damp flannel, were immerse 


— 
i fresh water for periods up to18 month. 


| Free water at 105° cent. 


Combined water. 
Percentage. 


3.05 


12.95 
12:20 


Annales des Mines, 1887. 


Thonindustrie-Zeitung, 1899. 


12,90 
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Experiment _D.—Other test pieces, of ‘different cement, were 


also tried, (20% used d for gauging, with the 


results, 


~~ 


Experiment E. —Frozen Test Pieces—The cement was gauged 
with 1 20% of water, and, after 24 hours under damp ‘flannel, was 
placed in cold storage at 15° Fahr. ar ° of | frost) for 6 days. | ‘The: 
free water = - 10. 29% ; combined water = — 5.92 per cent. There was 
no active hardening of the cement. 
Conclusions from the Foregoing | Experiments. s—That from 
quantity of water absorbed by cement and cement concrete the Avguael 


are unable. to determine precisely its | ultimate e effect 1 upon the hardening 
of the concrete. It depends entirely upon, physical conditions, 


porosity of the sonerete. When an excess of. water is added, there 
‘seems to be a loss due to evaporat ion during the fe Ww — after 
gauging; then, alt water, the pere en tage of 
combined water remains con: , while the percentage of combined 

water increases until it attains a of approximately. 12 per 


ent. This occurs also with gauged cement exposed to open ai air, he only 
difference being that the ‘quantity of free moisture gradually dimin- 
a“ owing to evaporation. In the case of sand al cement mortar, 
more water is absorbed i in proportion to the quantity of cement used 
+ this, most probably, is due to the greater ‘porosity of the mass. 
same result, it will be noted, » in the case of cement com- 
Pressed into moulds, Tess: water being absorbed in the same period 
en the denser bulk; in the case of fire-pre proof 
crete, and with no more 


mum ‘quantity to a perfect gaug- 


oof w 
water. In the case of 
process 
— 
been ‘Stayed, and, 


ON CEMENT AND MORTAR 
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et 
| 
e= 
q ~ > } 
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20% 
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—— than the maxi — 
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q @S Im Mxperiment ©, yet in the same period or time 20% less 
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of the | water had gone into combination, arenes the cement from 


g the cement from 


he writers have endeavored to present what, in their opinion, 
useful information concerning” behavior | of Portland cement, 


cement mortar, and concrete, various conditions. ‘This in- 


_ formation has been obtained by carrying out the series of — ts 


 deseribed herein, in which 7 27 briquettes were broken. — 
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Society is not responsible, as as a body, tor the facts and 
in of its we 
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‘in, his general practice, of securing as perfect a 


bond as pos ible be ‘tween masses of which are deposited 

: ‘ “abutting positions, but with longer or shorter intervals between the 


of deposit, together with demands for expert opir 
‘ 


cin to the adequacy pall the bond secured under certain given cire um- 


i stances and with certair 


1 materials and methods, led the writer to make 
investigations into the history - of the art, and to perform a series of 
< 


s e xperiments in the laboratory of the Polytechnic Institute of Brooklyn 


to determine how closely it is ‘possible to approach a truly monolithic 


condition at such joints, when care is taken 


ERATURE OF SUBJECT. 


The ae editorial in The Engineering Record 0 Augi 


1006, discusses this ; subject with particular acumen. The remarks ¢ 
“To sum up the whole. ‘matter in a 
tating against the bondi ng 


in executing the -con- 


ase, the real obstacle mili- 


ete to old, is dirt. | This dirt | 


be an oily substance or a material forming an 

a Nore.- -These papers are issued before the date set for presentation and discussion. A 
orrespondence is invited, from those who cannot be present at the meeting, and may 
€ sent by mail to the Secretary. Discussion, either oral or written, will be published in a 

"subsequent number 


of Proceedings, and when closed, the wan 


— 
“4 
= 
a 
i 
Pat 
st 29th, 


inert stratum constituting a most objectionable divided joint, or any 
‘similar substance which | prevents ‘the new erystals of setting - from 
attaching themselves continuously to those already existing. — It is 
commonly supposed and stated as a general proposition that new 
 erete eannot be bonded to old. — There may be room for legitimate 
difference of opinion as to the practicability of attaining that end. . 
7 Any process not feasible of execution under ordinary conditions of 
- _ work may be so difficult as to be practically impossible, but some engi- 
—" neers of experience believe that. bonding new concrete to old will not 
long be classed in that category. 7 If such a bond be attempted with | 
truly clean | ‘surface experience shows that intelligent manipulation 
involving some pressure will Insure invariably successful results. It 
has many times been done on a small scale, and it is not too much to 
expect that under suitable conditions further experience intelligently 
directed may accomplish the : same ends under ordinary circumstances. 
Efficiency of concrete work will be greatly ‘enhanced in many eases if 
such an | important end can be uniformly a attained ; and when it cz can 
be done on a small scale, ultimate success on the | large scale of usua 
engineering is not too much to expect.” 


The use of oil in some form, coated upon the so to 


pre event the adhesion of any concrete to them, is a direct cause of much: 


trouble when a good bond i is | desired between the old conerete and any 


further concrete, stucco, grout, “ete. . The primary reasons for the use 


o prolong the life of the forms ie alternate wetting and_ 
Pm ‘eaniliaiae: to rapid deterioration), although the natural life i is not 
usually long enough to make this item a of much importance. 
den 


To Tesse n the labor inci¢ 


t to a removal of the forr 
ae lessen. the breakage of of the forms due to sticking whi 


their hands, oma. as it le floats on dentine. a thin 
s likely to to rise to ‘the: top surfaces of fresh eoncrete everywhere ¢ 


on top of -conerete when ‘the excess water evaporates. 


There is ‘seldom enough 2 alkali in the cement to -saponify complete 


oil within : appreciable lapse 0 of time, and, even when such 


saponification does take place, the soaps thus, formed are sometimes 


ily soluble i in water, and there is | practically never sufficient 


> water used to dissolve and remove them, even when they are soluble. 
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ae these reasons, the writer has lately made it a yoni: not to = 
coat his. forms, or else to use soap for the 5 Purpose; either hard or soft 


soap is su suitable, the only, drawback to its use is its ‘relatively 
higher cost. Its p prime advantage is its solubility in 
‘When soap is use used, it is “necessary, “merely flush ‘the surface 
thoroughly. with water to re remove the otherwise troublesome - film. In 
securing : a bond, the excess water is useful for other reasons, as as well. 7 
 Laitance is often responsible for imperfect bond. ‘This is point 
discussed in the following Hotehkiss* o on “Some 


Details of Concrete Construction” : 


“Occasions will arise, however, where a longitudinal j joint in a 
wall is necessary, and where this is the « ease the thorough cleaning of | 
concrete is often neglected. laitance is not all removed and 
4 dirt, shavings a and sawdust are permitted to remain in the forms. ‘This 
work « cannot be left entirely to laborers but must have efficient super- 
vision and inspection. | The surface of the concrete should be serubbed 
with wire brushes and water until ev every stone shows clearly, and the © 
ow ater used in the scrubbing should be flushed off and not ot left standing | 7 
in ‘the forms with 1 the laitanee in suspe on, 1, to be deposited the 
again as soon as the scrubbing gang has gone. Both time 
expense can be saved if the cleaning is done before the concrete aa 
~ becomes. hard . It can be done with shovels and a small amount of 
Washing instead of the protracted scrubbing necessary later. The 
& obtained in even the most carefully cleaned joint is of naietlin 
strength, cleaning is is poorly done, there i is no bond at all. 
Shrinkage cracks: almost invariably reveal themselves in reinforced 


 conerete floors along the joints | between successive days’ work, After 


the horizontal jolene successive deposits, and the writer 


Inows of of Fone such w wall through which water has found its way to such — 
an extent a along such joints as to ‘Tuin the _ rance of the face of 


a time, ‘Tetainin ng and other walls of mass concrete very 


wall and nd actually ¢ cause anxiety as 3 to its cont stability. 
a Teylor and and an ‘instance “In ‘York 


d 
here anc way” where: — 
ed with no p provision for bonding 

mp e but it was ‘soon n found that more or | Seepage | occurred, and 
hen such J in one case where a large arch was torn down the division line between 
jometimes two days? work was distinctly seen.” 

su cient 
soluble. 


. 
| if 
— 
1s 
te 
4 
of = 
ion be 
n to 
ntly 
ean 
isual 
4 — 
as to 
much 
d any — 
1e use 
— 
anc 
is no 
fi 
e being 
— 
ely t0 
securing | 
— 
+ 


BONDING NEW TO OLD CONCRETE | 


Jemolishing old concrete work with wedges 
experienced workman always: look the successive 
: layers, and the writer has often -seen large masses separated by using 
only a crowbar when the old seam had been discovered. The com- 
monly observed hollow sounds which issue from cement sidewalks and | 


‘floors under traffic when the floors and w valks. have been constructed 


with special cement- finish ¢ coats are always due to a 


‘separation having 


taken. place betwe een tom and the base course. This is ‘obviously due 


have bee en apy 


Gillette call attention to one primary reason why proper 


bond is difficult to secure on horizontal ona other much- worked con- 
er ete surfaces, ey the mortar has hale flushed to the surface: 


Camere which has set hard has 3 a surface skin o' or glaze to which 
fresh concrete will not adhere strongly unless special effort is made to 
perfect the bond. secret of see curing a good bond 
‘between fresh concrete ¢ and concrete that has set lies largely in getting 


rid of. the glaze skin’ and the slime and dust which forms on it. ‘an 


Work”,+ De Forest Dixon, Assoc. M. Am. Soc. saysi 


OT he sloping off of concrete in the heams and girders” should 


never be al allowed. - is a well- isi fact that there is almost no 


or bond between old new concrete.” 
again: : 
finish should be placed monolithic with the slab, or, 
placed afterwards, which is desirable in stables, and some other, 
‘lasses of work, ‘its thickness should never be less than 14 in. . Recently, 
an acid solution has been placed on the market which the author 
has tried in several instances, using, in some cases, finish as thin as 
4 in., put on concrete that had a attained a an 1 age of : several months. 
finish has been in place for three 1 thus far shows 


The specications 


** Concrete Construction, Methods and Costs.” 
Municipal of the City of 
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the e treatment usually being left to the resident: engineer for 


dete rmination. The following is th the “standard specification a work | 


of this class, incorporated in all the published | requirements: for the 


several parts of the new Catskill Ww ater Supply Development for 


7 the proper bonding of new masonry to old, such provision 


shall be made of steps, dovetails, or other devices as may be pre- 


having 


ly due _seribed. Whenever ne new masonry is joined t to old, the surface of the 
old masonry shall thoroughly “cles ined, using» stiff brushes and a 
a inate strenm of w ater; the laitance shall be scraped off and the surface shall 
/ work, | be clean and wet at the moment the fresh concrete or mortar is ; placed. P. 


perfect ect | 


it & This specification is typical in the main, being rather better than 

ed. 10st of the others in “the writer's possession. 
e: 

In the construction tumnels, and heavy or or extensive | work of 


When orderec I, a thick wash of | rich mortar shall be brushed | over the — 


contact surface of the old concrete. 


0 which similar kinds, joints are inevitable, and the designer must study 


made to each case | carefully and devise proper quantities and arrangements for. 


Ne 
the ‘reinforcement which | is essential to wanes the work against the 
"appearance of shrinkage and t emperature cracks: along such 1 
The subjects of setting, and change of size, from 


“aie fluctuations of temperature and humidity, are intimately ‘connected 


getting 


with, the subject of bonding and new concrete, but will not be 
cussed here, although they hi have all been investigated, both experi- 


and analytically, by t he writer in this and closely related 


alytic: he writ in this and 15 


Another and a very vital closely related question, and one 
which es exists in ‘the minds of most constructors, is as to the proper — 
place ‘in reinforeed concrete _floor- constructions at which to 


eave the joint between successive ‘days’ work. In the last analysis, 


slab, or, 
yme other 
Recently, 
he author 
as thin as 
il months. 
far shows 


if a bond ‘could be e successively deposited 


s to be 

rks Rath where neither the bending moment nor the shear i is a maximum. oh 
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Am. Soc. ied E, has secured several patents on the general treatment 


of conerete | surfaces, with mechanical bonding devices and with tot 


= secure a better connection; and other methods have been devised — 


which make 1 use of bituminous and other compounds to be applied 
to ‘the old work and in preparing ‘the new mortar. These are a 
used. where it is the intention to apply stucco” or plaster to mass” 

concrete. Usually, ‘these are also” ‘claimed as “resisters of 


dampness as well as bonding agents. Only such “prc process, not 


primarily f for damp- -resisting purpose, is s known to the writer. In it 


_ a . special preparation of coal- tar is used i in the place of water in mixing 

‘the mortar for. ‘the new floor or ‘sidewalk wearing surface, 


The fir first patent (No. 647 904), issued to Mr. Ransome, concerning 


pat 


subject of bonding, was dated 1898, and covers a “concrete joint 
strengthened a metallic coil embedded in both” of. the joined 


Patent No. 694 578, also issued ‘Mr. Ransome, covers: 
“The x method of forming a bond between two bodies of concrete, 


which con ‘consists in first | sprinkling over the sur surface | of the first made 
body 0 of "concrete while yet soft and unset, a layer of prepared honey- 
comb slag, embedding the same into the surface, allowing the ‘concrete 
to set and after removing all superfluous slag, covering it and em-— 
bedding its exposed surfaces with the second body of concrete.” 

Patent No. 167 582, issued to Mr. H. Lewman, 


bendable tie- piece having looped portions embedded in. each section 
with its. free ends meeting at its mid-length, and a connecting strip. 
“extending between said looped portions of the tie- -pieces and having 
its free ends bent to intersect the body thereof, or with a rod —aaacal 


through | the opposite loops of each tie-piece at an angle thereto.” _ 


‘ The best known of these patents is No. 800 942, , issued to ‘Mr. FE. L. 


Ransome in 1905. . It has to do with: : 


©The in the ar art of forming structures of concrete 
and the like, which consists of forming a layer of plastic material deg, 
—" ‘containing cement, and permitting the same to harden, in removing 
Portions of hardened surface of said layer by the application of 
an acid thereto, i in removing from said surface by washing the excess 
a acid and resultant salts and disintegrated material, and in forming 
eae a second layer of plastic material containing cement, over said surface 

of the first layer, and permitting the second layer to whereby 
form a perfect bond between the two layers.” all 
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Ina ‘pamphlet describing the use of ‘special mortar for cemen 
floors , stucco, ete., , Albert. “Moyer, Asso oc. Soe. gives ‘the 


} the surface with clear w water and sweep off with a broom. | As | soon as 
4 excess water has been taken up by the absorbed 
> _ the concrete, paint the surface with a solution of f one part commercial. 
muriatie acid, three parts water; paint on three coats one ‘right after 
the other. Within a few minutes wash off the surface with clear water, 
_ sweeping with a stiff broom. = his removes all particles of dead cement 
which may remain on the surface , exposing each grain of sand and > 
on aggregates which compose the ® concrete ‘in very much the same 


following method of securing adhesion between old and new 


condition as they “we ere before being mixed. This also wets the con- — 


qrete quite thoroughly, 


“While the concrete is” still wet, place an: inch coat coat of wena 


Th removal of efflorescence from concrete work, the 


of an . acid wash, is : so similar i in method and result to . that required 

in obtaining a perfect bond that the following description* may well — 


included for the sake of completeness : 
~ Commercial hydrochloric [muriatie] a acid, diluted with from 4 to 5 


parts: of water, was applied, and the surface scrubbed with common 7 

floor scrub ‘water from a small hose being constantly played 
| on the concrete while the cleaning progressed, s« so as to prevent the — 

penetration of the acid. The cost on straight work wa was estimated at . 
about 2 cents per sq. ft. cleaned. An ‘experienced stone renovator 


should be employ ed whenever possible. Hydrochloric, acetic, and 
having oxalic ; acids’ were experimented with, in conjunction with th the scrubbing. 
tending All w ere effective. Hydrochloric acid was the best, requiring less 


scrubbing. Acetic acid came next in efficiency. 
fr. In ease the endeavor simply t ren nove the thinnest 


possible layer from the e surface, the acid being pre evented pene- 


concrete trating to any appreciable extent. 1 - In th the patented d process f fo securing © 


material decorative surface results on concrete. ‘etching wi with acid, covered 


removing ty lett 
rem y letters patent No. 716971 granted to Block and Richards, December 
ication 23d, 1902, the method i is closely to 4 that to secure 


& good bond, and is dencribed as 


process of producing a acini finish on ieee stone | 
posed of ‘and particl nt 
Posed of cement and particles of natural stone by subjecting it when a 


Abstracted from Engineering News, October 31st, 1901. 
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molded and dried to a solution of muriatic acid, then rinsing same 
water, then subjecting | the same a solution of carbonate of 
and rinsing the same in water.” 


‘thus far been published with ‘regard to 
methods of bonding masses of concrete, but in | Engineering News of 


August 13th, 1908, is given en ‘an abstract of a graduation thesis prepared : 5 
by Raymond B Perry, of Case School of Applied Science. He q 


prepared and by flexc re small concrete- beam specimens, in. 
square and 273 in. long, v ah had been spliced at their centers. 


variety of of methods of splicing v were used, none of which developed the 


strength: of an unspliced specimen, His results ‘and deductions are 


repeated here for future reference and comparison. 
‘TABLE 1.—Perry’s s TEs STS 


Con NDIION Jor Rovenenep.| Smoors. | Bs | 
ou 
(| 158 “119 173 
Results of tests, in| 1g8 138 
a "While ‘experiments of so limited character a are not absolute in 


_ their results, it may be concluded with some degree of certainty: — 
ce. “ts) That the bond existing | between new mortar or concrete and § 
la, where the old surface is smooth, is slight. 
That one-half of the -streng th of the con concrete is 

- developed in a joint bonded (a) by roughening the old surface; () 
7 7 ig applying a layer of cement paste; (c) by providing the old surface 


with a bonding groove. 
(3) That : a large part of the strength of the concrete, perhaps 4s 


much as 90%, is developed where the old surface is - roughened anda 


_ 
= 


| 


layer of cement paste is applied. 
That such a solution as ‘Ransomite’ practically takes the place 
of f the roughening, since a bond made with it is otherwise similar to Pere 


= 


the one made in these tests by roughening the old surface and applying | 


layer of cement paste,’ 
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_ “Ransomite” isa powder which i is to be dissolved i in water in order 
These’ tests closely followed some described in Annales 


des Ponts et Chaussées, Pt. 3, Vol. 27, 1907, the results « of which w were 
summarized as follows in Engineering News of December 12th, 1907: : 


[neat] cement joint is an aid in connecting old. concrete work 


to new, and * * * whether this joint is used or not, an excessive y 
tamping of the “new work near the joint: will add appreciably to the 
strength of the connection.” 


TABLE 2.—F RENCH 


a 


reatment of joint. | No grout. Grouted. No grout. Grouted. 


Results of tests, in per square inch < 


156 
223 


nt. 


No Joi 


It is stated that. splices, 30 days, were 


“tamped than the earlier ones. es. It is also to be noted that the m mechanical 
-arrangments of test. brought a con considerable direct compressive 


stress upon e and in these are 
comparable with any 


The specimens were of the same size described 


3 abov e, and all are open to the objection of ‘revealing results 
= - only with one another, as eve i is at best only an approximate relation — 
betwee the stresses developed in in bending and those 
rofessor Morach* gives the following results, showing that the 


(b) direct stress may be considered to be ¢ about one-half that developed 

surface in bending when computed a according to the usual formula. The 


are in kilograms per square centimeter. 


_ TABLE 3.—Morscn’s Tests. 


| 188 


— 
da, 
— 
4 
3 
159 — 
| 
A 
= — 
| 
— 
solute 1m 
crete and 
d and? 
q 
the place 
d applying a virect tension...... 
7 


NEW ‘TO OLD D CONCRETE 


The writer is no not aware of any experiments having been made 


with: regard to the bonding qualities of ‘stucco or - cement finish for 
concrete floors or sidew: alks, except a single test with brick as a back- 
‘ing, made by Professor Tra H. at for 


‘reads in part as follows: 


“Description 0 of specimens were submitted for 


test, and each consisted of a common red building brick, with a coating 
7 
on one side of about one-half inch of the cement. . The cement was 
"thoroughly | dry and hard. 
“Object of the Test. —The object of the test was ascertain: 
degree of heat the cement would sustain without injury, either by 


—. of — —In order to develop the full effect of possible 
differen ren 
the specimens were on ‘cement side the brick 

cool as it would naturally be in a _ wall, where the face of the wall 4 

was heated. To accomplish this object, the s specimens were laid, one 
at a time, horizontally before side opening a small gas blast 
furnace, To insure that the heat be uniformly distributed over the 
whole face of the cement, aid sheet of composition asbestos 


board was used to close the furnace opening, and the cement face - madd 


placed 1 near to it it, but not touching. 
a “In this narrow air space between the cement and board the thermo- 
‘couple of a Le Chatelier electrical pyrometer — was placed, by which 


the temperature of the face of the cement would be accurately and 

heat was raised gradually an and temperature read every three 
minutes. _ The total time of heating the first specimen was forty- -five 
"minutes, and the temperature ‘attained was 1000 degrees, F. At the 


_ time no cracks or other defects were noticeable i in the cement, and the 
brick cool enough to allow its easily removed from the 


a -erack developed along the line of esto ‘between the cement a 
“brick, which gradually spread until it had separated about half of the 


cement from the brick. 


“The cement adhered to the brick so firmly that the crack in places 

ran into the | body « of the brick | itself. No other disintegration oceurred, 
“The second specimen was heated the same way, but the time of 
heating reduced to fourteen minutes, and the temperature to 


showed no effect to the heat cithet § 
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vident tl that at the cracking of the first specimen was bod 


While the engineering periodicals ha have’ published quite a 


communications. from time tot time with ‘regard to the proper points” 


in conerete “floor ‘construction ‘at which to stop work, “still these dis- 
cussions have all been of an entirely academic nature, no experiments _ 


ha aving been made with regard this fact, so far as known to 
write » except in 1 the case of the reinforced conerete reservoirs s for 


“Mexico City, described by James D. Schuyler, M. Am. Soe. ©. E. a 

There are four reservoirs, all circular in form, 105 m. 
‘diameter | at the top. ». The roof ¢ consists of a 6- in. slab of reinforced 
‘supported. by radial and concentric beams, -restin 


pillars of concrete, all properly reinforced. 


“Tn the building of such a massive roof over so — an area as each 7 
of these reservoirs presents, the question of sustaining the forms _ 
during the time required for the setting of. the | concrete was one e of 
the most serious s problems to be solved. Ls To build up timber supports 
of f requisite stiffness and stability reaching from the floor to the roof, 

ee account of the height, w would have required ‘a vast forest of timber, 
of little subsequent utility, and costly to erect and remove, 
finally determined to. suspend the forms from the tops of the columns’ 
by a series of steel [[-beams of standard sizes and lengths which would a 
have a market: value for building construction of at least 75 per cent. 
their cost after the works: were completed. ‘But in order to place 
, - the top series of I-beams high enough to act as suspensors for the forms © 
is — of the main reinforced concrete beams, it was necessary to build up the © 
capitals of the columns to the ultimate height of the top. of the roof 
as bases on which to rest the temporary hanger beams, and in these 
concrete -eapitals, which form the ends of four ‘intersecting -eoncrete 
beams, mold all the reinforcing rods subsequently required for 
concrete -beams. This in effect meant the formation of the ends 
the beams a long time prior to their ultimate completion. Hence 
to. determine the effect of this composite construction of a beam, with 7 
a joint near each end, upon the final strength of the beam, a series _ 
of tests were made in 1 the Condesa testing laboratory, with four full- 


size b 
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one beam < of each set, the two — were molded 1 two. days in advance 


SS solid beam had been molded complete at one operation, | with 7 
1: 2:3 concrete, reinforced at bottom with two square bars: 


= 4 in. by 14 ft. 10 i in, 3 two diagonals “% in. by 15 ft. 6 in.; three oblique — 
bars 4 in. by 5 ft. 2 in. at each end, and diagonals, center to 
ends, 4 in . by 7 ft. 6 ‘in., the metal in all being 0.7 per cent. of the | 
beam. _ With 3 809 kilos applied at bass points at one- -half m meter from 7 
central : axis, , the deflection was 2. 4 mm. ; with 6185 kilos applied load, : 
the deflection was: 4.6 mm. ; with» 10 "369 kilos the deflection was 
8.2 ‘mm., when | three cracks | appeared, | half the « depth of the beam, at 
pon ne of 1.5, 2.9 and 3 meters from 1 one en d. The fina final rupture 
oceurred ‘under a w weight ‘of 11460 kilos. 
“The second beam of the pair, ‘molded: in sections as described, 


3 showed a deflection of 2.4 mm. under 3 908 kilos, 4.8 mm. under 6 815 


kilos and 8.0 mm. under 10369 kilos, when four cracks appeared, 
20 em. long, at distances | of 1.5, 1.7, 3.0 and 3.1 meters from one > end, 
all inclining toward the load. _ The final rupture took place with a_ 
deflection of 20 mm. _ under a load of 13 648 kilos without the slightest — 
~ sign of weakness appearing at the joints in the concrete. ee 
“Test B, at 28 days, | gave results quite in parallel with those of 
Test A. ‘The mixture was the ‘same, but the reinforcing metal was 
greater, amounting to 1.0 per cent. of the beam, consisting of three 
stright base bars in bottom, ‘two of which were 4 in. square and one 
gin in. square, 1 14 ‘ft. 10° in. long; also two base bars with diagonal to— 
top at ends, each 3 in. square and 15 ft. 6 in. . long; - three intermediate 
top and diagonal bars at each end, each } in. square and 5 ft. 5 ft. 2 in. 
= and two central diagonal and top bars, each 4 in. square and 


Th 6 in. long. 


“The beams showed the following results during test: 


Applied Load. ‘Solid Beam. 


«4 
“Kilos. 4 — 
" 


RO mm. 3. 2 mm. 
5.6 mm. 
- 
8.8 mm. 


(10.2 mm. 


10,369 


Fre 
12,556 


mm. 


0 
13.0 mm. — 


99. 0 
i by 


«42. 4mm. 
16. 4mm. 
Ruptured by 
compression. 
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“Tn each beam, -eracks began to appear ‘under of 10 369 


or. c= this case, also, the absence of any cracks or sign of weakness on > 


the line of joints between - the older and newer portion of the concrete 
beam seemed to prove conclusively that there was no we weakness to be 
feared from this fragmentary method of ‘molding « as - compared with the 


monolithic ic beams, on the they developed strength 


THe Warrrer’s: EXPERIMENTS. 


it did not necessary to. 
thorou gh cleaning of the old ¢ 


is so obvious that it is surprising to t 4 


structors apparently ignore. it, A number of years 
discovered the advantages ‘of using a jet of st for this purpose, 


ma in The Engineering Record of March 7 ith, 1907 , he advocated its 
use, and gave several other hints on concrete work. The only oahu 


engineer who advocated it is ‘is Mr. Ernest nest McCullough, who writes 


_ “Nothing is ‘so » absolutely bad for joints as sawdust and nothing 
% ‘is so hard to get rid of. ‘Shavings and blocks of wood are picked up 
rag pickers’ “sticks, which are pieces of wood about one inch 
square having a sharpened nail driven into one end. Loose gravel, 
ete, can often ‘brushed out. Sawdust however remains. Even 


pressure will however clean off the surface of the concrete to the bone. 


It removes all the half-set and dead cement and all the sawdust. 
writer’s experiments were of three varieties, and were 
Measurement of actual tensile strength with five m 


to tw o of surfaces, and after 


in 


iad Jayers; ri 


Determination. of the best ‘point which aplice 

floor members between successive days’ work; 


— stream of water fails to get rid of it. Live steam at a high | od 
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BONDING NEW TO OLD CONCRETE 
@) Value of acid treatment in n ordinary floor and ¥ walk work, 


2 (by weight) Portland wage 


te practical ‘working conditions. Splices. were made : after intervals. 
a a) 24 hours and of 7 days. All specimens we were broken a at the end of 7 


30 days. For the sake of comparison, I unspliced s specimens were 


moulded and broken after the : same a as On e seri 


"surface aa ‘Wwork was away and all loose material 
: removed just before the new material was deposited. _ Another series 


of briquettes was ‘moulded with a thin strip inserted at the smallest 
section. removed | from the moulds, of co course, these briquettes 
fell apart into” two pieces, the surface next the partition having the 
exact appearance of having been ‘moulded against a common wooden 
form. After 24 hours, and days, these half briquettes were spliced, 


surfaces be bonded first being indented with a a sharp steel 


tool in ust-snch form as ° would be given with a pickaxe or or blunt 


- chisel, according to the usual methods of roughening surfaces to be 


aan a Five methods w were used in making bonds, or | rather in con- 


of t the bond: 


‘The soft mortar was” moulded against the half briquette with 


only as ‘manipulation as i usual | in depositing | conerete work. 


The o old half was used dry i in its natural state. a 7 


The old half briquettes were first soaked in in water for about 
10 min. and then the new end was moulded as in 
©: A creamy mixture of neat cement was prepared, ‘and the ends’ 


py: 
7 of the half briquettes w ere re dipped i in it. This formed a a coating similar 


‘that ‘most often specified and used. ‘The “new ends were then 


moulded in the usual way, had set to any great 


The ends of the we with a 


— 
1e tension tests were made on standa | 
a 
— 
4 
briquettes thus [7 
half of them 
being spliced after a lapse of 24 hours and 
| 
> 
— 
— 
be 
— 
— oan 
— 
in 
wis 
nes; 
i 
nt acid, and the new ends the 
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INCRE TE 


A. of “Bonsit” (a powder sim similar in nature to “Ri tans 


was prepared. in accordance with ith the directions sent with 
the can, or at the rate of 5 Ab. of the powder to 10 ) gal. of water. “ This | 


solution | was then used in same ‘manner as in (d). 


Three t specimens representing each age, type of ‘and method 


of bonding were prepared, 


: Mortar specimens were decided | upon, because it was believed that 7 
._ i is the mortar which has been flushed to ‘the surface and id against, the 
> on each side of the joint, which is the r re eal bonding mec medium. —_ 


used for several ‘reasons: 


Measurements of the true tensile of bond 


be most easly 


With the small size of the | specimen it was thought 
would be more likely ‘to obtain, ‘more uniform wile with 


(c) If ‘good results could be obtained with | small specimens, a 
standard would be provided to be appli ied over larger 


There ‘may be ‘some question as to de truth Assumption 
because, over larger areas, , local deficiencies would be merged with 
strong sections, so that smaller variation would probably 
obtained. The actual wide variation, in some cases, is. instructive 
a8 to the conditions at different points in any joint. The 
“narrower range found with some methods, of bonding demonstrates, if 


anyt thing at 2 all, that it is possible with them to gain a better dis- 
j tr ibution of stress over larger areas than with the other methods. 


a 
powder when put into solution gave a white precipitate | when 


results in Table 4 are not ‘as concordant as might 
wished, still certain deductions may safely be made: 
(a) The best results were obtained with ‘surfaces having the rough-_ 
Tess produced by the natural fracture. This points toward a ‘purely oe 
“mechan tical bond, or cone with cementitious action. 


Practically no bond Ww obtained surfaces which 


outed against san d d dried for 7 days. ‘This 


ematurely broken, even with careful handling, 
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TABLE 4 DRIC 


SURFACE. 


Each. Average. .| Each. Average. 


x 


q 


| 
a 


It was noted with to. 4- surface, grouted 
bond, that the water was absorbed so rapidly from the grov grout as t0| 

it ‘an detriment. However, the resu results. obtained | with 


regard to the 24- hour and 7- day, rot rough surface, soaked, specimers 
might lead one to infer that there is a a possibility of using too mach 4 
water. The latter: be the case in work, but, in the 


soil or lining reservoirs, however, | an expert workman knows that 
there is a real possibility of too completely saturating the old work, § 


itm 
BR 4 a nets 
— | ‘([Papets. 
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— 

= Broken while handling before expiration of 30 days. 
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BONDING NEW TO OLD CONCRETE 


coating grout is first having the « a 


concrete thoroughly to prevent. the water in the grout from being 


Acid treatment at an age of 24 is not of appreciable 


ces Hy moulded against forms, after 


= 
Results with h the u use acid were more consistent among ‘them 


“selves: than with, any method. 


1 to po unless it be ‘that the breaking to 0 

surface had loosened “many small 1 particles which “still to 1 the 

damp surface while only hours" old but which were naturally 


removed during the he handling incident to the “day tests. 


are not. materially different. 
_ While the acid treatment does not give a 
the old surface i is rough- still its cos t is Tees, r 


4 an absolutely monolithic condition is not essential, but where fairly 


good bond 3 is re uired, use mal is of an. 


_ Again, where proper reinforcement is is provided across across joints, the use _ 


The powdered material is is” much more ‘convenient, to 


commercial acids shipped i in glass carboys, 


g In view of the v writer’s and the other bonding que 


the following x ing may be give en a proper mode of procedure: 


For -¢ connections made after lapse of hours or more, ‘break 
back the surface concrete to firm material, and clean the fresh surface 
with steam, air blast or forceful water streams so as to remove all 
fine loose material. Saturate well, but not so that water stands on the 
j surface or oozes from the material. _ Paint completely with neat cement 
Stout, mixed to the consistency of thin | cream, , just before new 
crete is deposited, and see that the latter is of proper mixture, con-— 
taining a - proper proportion of mortar, which should be worked against 


— 
the joint so as to be certain that no no voids exist in its vicinity. in we 


pe 


4 
of btain exactly 
q nkled over old concrete surfaces which — — 
“have been aampened is Of questionable value, in view of, the 
— 
rage. | 7, 
— 
x ( f) n sur al 
he 7-day interval are so much 
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_ “For ‘connections made after long intervals, so that the o old cement: 
has set ] hard, and where the expense of rough-pointing the whole sur- 
a. ace is “greater than is required because of the nature | of the desired = 

bond, use commercial muriatie acid, diluted with clear water, 1 to. 5, _ 
7 or the commercial bonding: powders, dissolved in clear water at the 
rate of 5 lb. of powder to 10 gal. of ° water. r. First v wet the old concrete 
surface with so much water that a fresh wetting is not immediately 
absorbed. Remove ‘any excess” of moisture and, the surface 
_ appears as if “commencing to dry, paint on the old surface three suc- 
‘cessive coats ‘of acid one after the other. Let this remain for about 
30 min., , after which carefully clean the surface of unspent: acid, 
soluble pomnagedths fine material, with plenty of water, finally cleaning 
_ with a steam jet or air blast if obtainable. Just. before the fresh con- 
-erete is to be deposited, and while the old ‘material is ‘still very damp, 
apply a thin coat of neat cement / grout mixed to the consistency of 
thin cream, 1, just before the new concrete i is deposited, see that 
the latter’ is of proper mixture containing a proper 
mortar, which should be worked against the joint so to be certain 


A ‘block representing small section of a concrete sidewalk, or 


"floor, was also’ Tt wa was just of a size io fit a furn door 
under a a pressure steam boiler. ‘The | concrete base ‘was m moulded 


in. thick, in two operations, each covering half the area of the 


block. Reinforcing rods were | “left protruding from the first part 
deposited, so as to cement it firmly to the second one. ‘The latter was was 


days: after the first one. The surface of the 


repare eiv he 
~prepa to eceive the finish, coat by applying a tion of “Bonsit,” 
to. ‘the specification previously. giv As. soon as the con- 
3 cement 


mortar was 


g as possible. “Th 
le set, t for days, and was then subjected to 

an alternate heating and ‘cooling by being placed first. ‘in the furnae 
door for a few minutes and then allowed to ‘cool in the o outdoor air. 
These a alternate periods of heating and cooling were a as ‘follows: 


Heated 12 min. ‘Heated 
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The temperature on the mortar face (the one toward the fire) wa was 


allowed to rise until s steam: to the edge. of the 


face was hig Ww while what ‘would be ‘the bottom cf ‘the floor or 


sidewalk was not more th: an 60° Fahr. when tested by the hand. The block 
was then removed from the fire and allowed to cool until the hand ‘could — 


rest comfortably upon what had been the exposed face. This would 


correspond to a temperature of about 120° Fahr . The heating opera- 
ning 3 tion was. again ‘repeated, the time of e exposure again reaching a a point. 
when s steam appeared. After the second heating, the back of the block 


_ ‘re ached a temperature \ which - was just a little too hot for the hand. 


par yaa: cooling this f bout 120° Fahr., but at the same time ‘ie 


ell 
r face must ha nad a range of temperature a 


lowed a along joint between the tw wo o layers “the” 


‘oldest and the newest materials; when the block had so het 
was about ready for another heating, a fine rack was also observed 
ay: 


“across the top along the line between the two parts of the backing. 


Evidently, a a ‘separation would have taken place except for the reine 


forcing bars. : This crack could ‘not be found | on the bottom of —- 


block, cand it closed uy up ) entirely during each heating, appearing again 7 


during each, successive cooling. wok 


the > third a narrow strip around two edges sounded 


3 cement 
trowelel 

le The it include d about area over he older 
le. 


on. 
me the final al heating, however, when a hammer was used to break ; 
jected 


the loosened surface coat, not “more than two- -thirds 


ms at | loosened, some parts, carrying off ff adjacent portions of of the ba ack 
door 


could be tl 

cing. »* 

That portion in w the top. and bo bottom were placed at the same time 


4 ‘could not be separated with a dear plane of cleavage, even . after the | 


m specimen was broken into fragments. In he: latter condition the two 
parts of the other half of the block readily parted under a smart blow. 
However, from the writer’ experience, and from a study of the condi 


tions of the test at the site its program, it 
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No physical or weather conditions are ever ‘sev 

. in connection with the furnace, and, even if each heating and cooling 


ere as those provided 


4 might be likened. to an annual experience, ample bond remained after ¥ 


five: summers s and winters to. warrant contractor's ‘guaranty, if the 
‘whole bonding operation w were ere faithfully executed. Under actual weather 
conditions, the changes of temperature are not nearly as sudden or 
ay, _ widely va varying, 80 that the effects of the col different coefficients 
On the basis of of 0. and 0. 0000708 for mor mortar 


— 0,000140, so that in blocks 100 in. square, in which the maximum > 
ee would | be more than 50 in, the difference would be : 
On the assumption of a modulus of elasticity of 2 500 000, : 

the resulting tensile or compressive stress (ignoring any reduction in & 
amount due to resulting strains) would be be only 34 Ib. per sq. . in. if 


uniformly i distributed, or at that rate if concentrated at any - or 


points. Whenever the bond becomes broken it must therefore be 


concluded that, it was 1 not sufficiently strong to withstand a shearing 


- stress ; between the top and bottom layer ers of the amount thus computed. 


~ When it is recalled that such shearing stresses should be much more ore than | 


— 


equal to corresponding tensile ones, the inadequacy of much work 
apparent, and the tests of the tensile strengths developed by the various 
prove a bond 


| 


ods o of scouring a proper bond 


if some special, ‘like ‘the ‘acid is used, 
in the very eaneution of which a sufficient “number ¢ of of special precaw 


tions are added to improve the result perceptibly. 
‘The final ‘experiment consisted in the fabrication of a ‘reinforced 
-eoncrete beam, doing the concreting in sections, each succeeding part 
=> being deposited after. a a lapse of about a week from the last one » while 


- the beam was tested after a final lapse of only two weeks after the 


= 3 last section v was concreted. oak The several parts ond the order « of deposit 
as shown i in 1 Fig. 1. The mixture used was 1:2 (by weight), 
q ss the broken stone being the run of the crusher, up t to > -in. One of the 


bonding powde ers (Bonsit) was used to better the connection 


successive parts. The beam was tested, on a 6- ft. span, with a ‘center 
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load, the first application, to 2500 lb., being applied at the 
a axis on projecting rods which cast in the beam for p the 


Purpose. The ec conerete section was 8 8 8 by * in. over all, reinforced with | 


n. above the bottom of the 
each one extending from 


other point: of Each e 


Ly (iy 


7arious | 


bond 


s used, 


e, while § large- radius 1 turn, the one at the end through an — of 90° and the 
fter the Cer one through about 45°, so as tos serve to some extent in resisting , 
dep osit a diagonal tensile stresses , “The: > reinforcement it aggregated 1. 84% of the 


effective beam area. The beam weighed about 180 Ib. The load was 


applied in increments of | 500 lb. each, the effect of each «caida 


The shapes of the | were determined wit with 
objects in view ; 


— 
led 
im 
the 
. 
1 or nd Was bent upwar y 

be 

7 

nforced — - 

weight), 
ne of the 
between 
— 
— 


7 


(a) determine the ffect of a horizontal ‘joint in a beam, even 


‘ when b bonded as well as possible, where no steel is is used for > the 5 purpose, — 
_ when the load i is applied at dee level lof ‘the joint. This is is the condition 


; which exists in beams whieh are designed to be as deep as ‘the distance _ 


' between vertically adjacent window heads and sills i in a concrete build- 


ing, and where the concrete is almost invariably deposited in two 

separate operations, w ith the joint between them at the | level 


OD) To ascertain. whether it were possible to secure, along surfaces 
‘theoretically close to. those on which maximum diagonal tensile stresses 


a bond of sufficient strength to make it unobjectionable 


wa 
ere 


is any aaa in leaving a joint only 


surface theoretically. close to those on which ‘maximum 


diagonal compressive stresses are “developed. 


The test results obtained were as follows: 


“a At 2 500 Ib,, applied at the center, a a horizontal ¢ crack ‘appeared, 


from the load toward one end and turning ‘sharply down- 

into the. mass concrete close to the turned- -up end | of one rod. 


 @) The Toad was then shifted t to ‘the top, of the beam, whereupon 


rorizontal crack disappeared entirely and the diagonal ¢ one was 


(ec) At 1 | 500 Ib. applied on the top, a condition almost ss 


At Ib., the diagons erack downward and 


4 
‘Vv ery smell had ‘appeared in the ‘upper er part ‘the eam 
under ‘the load, and a wedge-s! shaped piece was commencing to crack 


poi int where the diagonal and | horizontal cracks i 


wit th ‘diagond 


(e) The load gradually fell to nal 3 000 lb., as more strain: was 


- produced, and all these cracks became n more prominent, until : a sliver of 


eonerete was forced off, revealing: the end of one cutting directly 


1e rod had slipped in the concrete near of the beam 


ne a where diagonal 
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was expected to occur, was point of support “than was 
the crack which actually ‘oceurred : at the other ex end. tage the diagonal 


results in this beam me 


@ Ing a ‘beam, a horizontal joint not reinforced ith steel, 


if with odd and is of weakness 


] 
Ww rhonevee th e oad i is so lied at the level of this joint — 


a (b) In a beam, a joint can be made 1 sloping in n the direction of 


the cracks caused by diagonal tensile stresses, which will be as as strong» 

as mass work, if the joint is bonded in aceordance with the e specifica- 


(c) In beam, the concre conerete the e vicinity, of a a diagonal joint 


parallel with the lines of maximum diagonal ¢ compressive stresses will: 7 
fail before a joint: oppositely does, if incipient failure has 
already occurred i in the viihaing of what may be called the c 
joint and has not done near the tension joint. 


As ¢ 
Asa a general ‘conclusion, it “may ‘then be stated, that if proper bond- 


ing ‘methods are adopted, with and grout, work be stopped 
along 45° planes at any Point: in a beam, at pleasure, between the 
‘ends and the third points. Ins view of the o one other test ‘reported 
: besides: the writer’ 3, ‘such planes would | better be diagonal compression 
planes. ‘The writer prefers such joints to vertical ones at the centers 


where direct tensile and compressive stresses are larger. 
O*# urther, it is to be remarked that ‘nothing but ample reinforcement, 
of or numerous diagonal rods, ean compensate for 


ect of a horizontal joint left along near the 
eted, In 


‘axis of a beam. The writer prefers numerous stirrups, well 
liagone 


mein to the tension rods, and and amply anchore d in the top con- 
crete. In proof of the efficacy « of this | design, reference may be: made 


to his brick beam experiment, a ‘and the one in which no concrete at all 


pl laced around the te d 


: Transactions, Am. Soe. C. E.. Vol. LVI, p . 343. 
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STRESSES IN MASONRY DAMS. 


IAM Can, AM. Soc. C. 


| 
~The object of this investigation is to. aan ‘én amounts and 
distribution of the stresses in a masonry da dam, at points not too near 
the foundations, having assumed the usual “law of the trapezoid, 


that: vertical unit pressures on horizontal iia vary — from 


_ Experiment indicates that such vertical stresses increase pretty eel 
© "ularly in going from the inner to the outer face, for reservoir full, 
until we near the down-stream or outer face, where the : omens gradu: 
“ay peel to a a decreasing one, which decrease ¢ continues to the end 


tion, The law ¢ of is thus only 
excess 


=" 


maxir 


some additions at the top, but the method ‘used in determining ‘the 


] 
stresses is is general, will apply to any type. profile. The fina 
equations will give at any (interior or exterior) point of the hori- 
section considered the vertical unit stress on the horizontal 


“3 * This paper will not be presented at any meeting, but written communications on t the 


are in for with it in Transactions. 
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section, the normal stress on a. vertical ete: and ‘the unit shear on 

either horizontal or ver tical planes. From | these stresses, the maximum > 


and 1 minimum a stresses, and the planes on which they act, can be 

determined, ultimately, if, desired, the stress on any assumed 


‘The solution presented is approximate, is justifiable, in 


view | in “the law o: of the trapezoid” 


+ correct, as will be vevi- 
checks from the exact theory given 


The theory used, ‘being simple, should be easily 


and 
near 
id,” 


=200 
fu 4 


~ 
only, 


mp aple profile shown was for ease of 


‘The si 
computation 


convenience in subsequent ‘computations, the breadth, 


of horizontal sections, corresponding to hy below 


§ 
4 
dent from the 
i — 
_ batter of the inner face was found by trial, so that the centers of {i 
ng Pressure on horizontal sections, for reservoir empty, should nowhere 
e final 
if 
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surface of the water in the rese 
in feet: h = 199.0, b= 188.830 


h= 200. 0, b= 184.000 


200.5, b = 134.335, 
—201. 0, b= = 134.670 
_ = Take the weight of 1 cu. ft. of masonry equal to 1; then 


& 


“masonry above any section is is” to ‘corresponding 


‘ale: to be. 712 12, and ‘moment about the vertical, ‘40, is is 


11 603, the unit | of length being the foot. In Fig. 1, Dis where the 


vertical through the center of gravity of the dam above the joint, E B, 
cuts that joint, and o is the center ‘of pressure on that, joint when 
4 the water pressure on E O is / combined with the weight of masonry, W, : 


As h varies, suppose each horizontal joint, — marked sim- 


ilarly to the joint | at h = 200, with the letters’ E, A, D, CG, B; then, 


for any joint, on taking 1 moments of the triangles, AOB, a O E, and 


‘the area above O B, w e find, 


"Assuming that the masonry weighs 24 times: the water cubic 


unit, then the weight of ac cubic foot of water is a It would 1 entail 
“but little extra trouble here, where the inner has a a uniform 
batter throughout, to include the vertical component the w: 
—- on the face, E O; but it will be neglected, as usual. 
horizontal height, h, is thus, 
er, and its moment about C is, — h? x) 3 h = 
‘Taking moments 0: of W and water pressure about C, w e have at onee, 


‘From the last two formulas, we ve derive the  followi ing results : : 
9 18978. 40. 49141 
14112 


14 246.3 40.9148 


1, all dimensions being 
— 
4 
— | 
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and 
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A seven seven-place. logarithmic table was used throughout, the aim in 


the computatis ns being to get the seventh | significant figure correct 


one The necessity for this be 


199, EC=82. -05624, CB= 
; 200, E C = 82.49605, 0 B = 
201, E C = 82.93577, CB = §1.73423. 


On any plane, E B, the vertical unit pressure, — 


at 


y 


where b=E£ B, , and W is — weight of masonry above the sic 7 This 
7 

from the “law of the 


= 199, p, 45488, p. a2. 


= 200, = 178. 8855, Pp, = = 32. 


L, py = 17 179 


total stress on the ax’, 


To find the 1 e unit shear on vertical, or horizontal planes*, 
a slice of the dam, ‘bounded - orizon’ 


consider: 
by horizontal planes at. h=199 and 


aa 


The writer desires here to acknowledge his to. recent 
“Stresses in Mg 
44 Pr 


r. Hill ascribes to Professor W. C. Upwin the suggestion, “that the lee stress 
a may be found by considering the difference between the total net —— 


tween that point and either in ha along two horizontal planes at unit dis 
apart,” and states that Prof. Unwin ‘has has applied t the er to a triangular — 
“am by the use of methods.” 
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STRESSES IN MASONRY DAMS pers. 

h = 200, the v water face and a vertical plane, ata distance, «, from the | 


inner face Fi ig. 2), i in cequilit rium under the water pressure acting hor-| 


[Pa 


-izontally 01 on its left face a and the forces e exerted by the other "parts of 
the dam on slice. These forces of the increas- 

stress, P’, on top, acting down; the uniformly increasing stress, P, 
' on the bottom, acting up; a shear acting on the vertical plane at the - 

of. avi verage intensity per square re foot; the weight of ef the body q 
(a —0.01), besides” the horizontal forces to be given later. The ver- 


4 tical component of the water pressure is here re neglected, as genes — The 


_ i _ origin for x is taken, here and in all s ubsequent work, at the level, 

h = 200, ‘at the inner face. 


For equilibrium, the sum of vertical components must be 

‘Therefore, gq, = — 

P, — = 145.22 22941, 133. 3.330, giving» Pr = 32,20364 at 

146.144 1441, and b = therefore level 

P= 39, 24139. 0. 5453138 I 

in ‘Equation § 2, we derive the average unit shear, shall 

-0. 6542906 — 0.96225 2 — 0.0006900 .(3) 

This value is strictly correct when 0.02. It is s slightly in and 


error: when 0 <a a< 0.02. hs 


A similar investigation holds to isla the avert average unit s hear 4; 
: (Fi ig. . 8) on a pong ms at a distance, x, from E, extending frow 


level, h = 200, to the level, h = 201. 
Wel for equi ibrium, 


We find substituting i in Equation 1, + 0. 02), = 
a9 225798, 147. 05802, and = = 134.67. er. P= = 32.97 27982 at 


4 


— 
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— 

the pl; 
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e 5459941 0. 6453780. ‘Substituting this, and and the value ue previously 
q found for P, in Equation 4, w we e derive, 
dy = — 0.6383780 — 09 96157 « — — 0.008805 


mean, (a, of these average shears will be e assumed as 
approximately equal to the intensity of shear at ‘the point, G ( (x 


@), at at the level, h= 200. 0. Call g this intensity of shear ona vertical 


plane. at G; therefore, 


0.6448348 - 0. 96191 2 — 0.006856 (6) 
Checks.—By. Appendix (b) and (d), t the exact value 2 of at either 
tan. where p p= vertical unit normal stress at the face 


is the angle the. face makes with the vertical. ‘Thus, at the inner. 


face, == 32. 0.02 = 0. 6448278, whereas Equation | 6 gives, 


At the outer face, ‘the exact value is, 178.3855 XX 0.65 = 15. 9506, 


A still more searching test can be devised. Iti is a well- known pr prin- 


ciple of shane a on vertical or or 


as giving “unit ‘at the level, “ges wher 


a) = 134 ft. the total shear, from face to face, is, 

- level, * (200)2 >— 8000. Formula 6 thus gives practically ex exact results. 
In order to find “normal: unit stress on a vertical plane, we 
ar, shall assume that given ‘Equation 3, equals intensity 


shear on a vertical or horizontal plane at the point | a, at h= 199.5; 


lightly it and that, Qe given | by Equation 5, gives the shear intensity | at x at 


i= =200.5., This, ‘evidently “supposes shear intensity increases 
t shear 4: uniformly, vertically, from h= 199 to to 


ding frou Consider a portion of t the dam, F Fig. 4, bounded by the water face; 
the plane, F M, at the leve wh, he = - 199. 99.5, on which the total shear i is OQ’. 


the plane, E N, at the level 200. 5, on n which 1 the total shear i is Q, and 


).02), 2275 stress is w pressure on E F ‘will be supposed to be exerted 


97989 It is equal to 80 units. Assuming, as ‘stated, that 
4 


— 
| 
vel, 
| — 
— 


bs 


w 


Wt 


of horizontal shear at and lq, = = = the 


= 0.006494794 — 0.6542906 + 0. 481125 a? — 0.00023 a 


= 0.00640186 — 0. 6353780 0. A80785 a? — 0.006803 


= 
total water pressure for h= 199.5, 5 is: 1 (199, 5)? = 


7960. 05 for h = 200.5 (200.5)? = 8 040.05. “The first should 
"equal @, for 2 = 133. 665, or 7 959.22; the second should e equal Q, for 
= 134.335, or 8 041.12. The slight differences tend to give aunene 


EFM must zero; 


This average stress will now ma assumed to hs the intensity of i hor- 


3 izontal unit stress on vertical planes | at h=200. 


It will now perceived why a seven- -place table was "Necessary in 


+0- 


4 the computations, the coefficients of oe and 2° having only two or thre? 


significant figures i in the final result. | ‘If the planes 01 originally had been 


ta 0.1 ‘ft. apart vertically, a ten- place table would have been 

Checks. —The value of pv’, for = 0, y= = 80.012896, is: the same a8 


“that given by Appendix (a), 80 + 0. 6448 48 XX ( 0. 0.02. When ice = 134, the 


gives f= 76. 81 , whereas the exact theory, Appendix (}), 
gives p’ = p = (0.65)? X 178.39 = 75. 37, ‘The: difference is 0 3 


at the outer face. - For any other point, it mi ght be assumed to “vaty 


with 2, ‘that it could be corrected by subtracting ~*~ — 0.0033! 
= 


= 


ed 
— 
— 
Min, 
draw 
pee 
| kets, 
it 
q 


The three formulas for Dd and p’, at the level h= 


q — — 0.64 + 0.962 — 0.000686 x2. 
for | = 80.01 + 0.00084 2* — 0.00001 
en 7 


or by 1.085, to reduce to pounds per square inch. x 


= 80.01 — 0.02 x + 0.00034 x? — 0.00001 , 

. Th he firs first coefficient of 2° cannot be counted on to the last two figures, 


‘from the value of p’ above. or ease of F ease of computation, ‘the formula will 


henee we are permitted to change 323 to 333 in that coefficient. When 
= 134, Equation 8 gives — 45. 41, nearly the exact. value. 


Since the weight per cubic foot of was assumed as an 


Table” 1 by (62. 5) — 156. 25, to reduce to ds per square foot; 


o f° - 
43.1 50.50 86.77 | 114.04 | 141.90 | 178.39 
0.64 8.91 | 22.98 | 45.7% | 67.65 | 88.70 15.95 
OL | 90.02 | 79.66 | 7911 | 79.01 7808 | 
102 | «82:06 | 94:67 128.85 166.40 | 208/85 258.71 
38 | | 44-48.) 87.08 26.64 | 15.52, | 
‘the hor In Table 1 the stresses are eaves experienced at the level, h = 200. _— 
a ae vert ical unit stress on a horizontal plane, = | 
essary m = ing unit stress on horizontal or vertical 
> or thre? | = unit stress on vertical planes, 
had beet f =m maximum normal stress ac ting on plane inclined to the 
» been ? horizontal a at the ¢ an le e 6, iven on the last line 
i ‘Min, f = minimum normal str stress a cting on a ‘a plane perpendicular 


— 134, the From max. f and min. of with 6, 6, ‘the ellipse of of / stress” can be 


pendix (0) and the stress in any direction, wi with the on which it it 

2 It will be observed t that there is no tension exerted anywhere, and oe * 
the m 8q. in., which 


| 
ini 
— 
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STRESSES IN MASONRY DAMS 


allel to that upon a at 


right angles to the face. 


In Appendix (e), the formula, for the max maximum normal 
at the outer face, acting parallel to. that face, 


= 33° oY f= = 953, 


by _ 


+ 


= 
This stress is unaccompanied with any conjugate stress, perpen- 
dicular to the face. In the interior “of the dam, where conjugate 
stresses prevail, the masonry is perhaps: ener to withstand 
certain compressive stress than at the face. The distribution of 
stresses, the level h= 200, is shown in Fig. 5, on the. supposition 
that the base of the dam is a little below that level. The connection 
with the foundation ‘materially modifies this s distribution; but Fis. 4 
a the distribution for ‘sections, say, from 10 to 20 ft. above ne 
base, up to the level h= = 50, fairly well, on the basis of 1 the trapezoid 
law. As has been 1 before, this law gives a pressure 


‘than the actual at the outer face. 


= 0.65, therefore 
q 
— a4 2 ae 
see 

=> 
— 
| 
— 
— 
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STRESSES” IN MASONRY DAMS 
the batter of the inner face is very small, the results of 
Table 1 agree approximately, exe near inner face, with 
those found by Mr. Hill in the pa Tefe er red to in the foot- 
Substituting values, Mr. Hi orm mulas, for h = 200, 


— 0.9426 x 


80 — 0.0001289 — 0 (0000009615 
— 


| 


24 


9.36 98,20 45.69 


On comparing these formulas w with | those. of the writer, it will be 
observed that the absolute term in the value of q and a consequent __ 

in the value of p’, are lacking in Mr. 


of the first degree in 


3 
4 
— 
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Hill's formulas. This results from taking the inner face ai as 


a Although the coefficients also differ, it is seen that the numerical values: 
are very nearly the same. 


ae Fig. 6 are shown, on a drawing of the dam, to “scale, ‘a lines 
i the centers of pressure for reservoir full and empty. ae ee 
ae To the right, and under the word “factors,” are certain ‘numbers, 


written in n the form of, fractions. For any heed joint, the upper number 


38 


gives the factor against the number by which it 
‘Recessary to multiply the water pressure down to the joint, to cause 
the total resultant to. ) pass through the- outer edge of the joint co n- 


lower “numbers give the ratio of the weight of ma on ry 


above a joint to to the water r pressure corresponding, 


ae 
- Tt is believed that these “factors” should increase from the base 
upward, to , allow somewhat for earthquakes, expansion of ice in | freez- 


ing, ete., | since the effect of such accidental forces is proportionately ai 


‘Stresses due to water infiltration are not included here; neither are 
resses s due to temperature changes. 


the adjacent are as follows, and refer to the outer edges of 


7 joints, for reservoir full, and to mei inner edges, for reservoir aie: 
fat at outer edge, at inner edge. 
5 BE 


in 1 the ieee. he fact, “ are a than the true stresses, since the 


be 


trapezoid law is not « exact, particularly, near the base, before 


remarked. It would then seem that the dam, far, is safe, since 
= the ma maximum unit stress is less than. concrete, even, is si subjected to 
Fors an actual construction, the should be curved, 
eee h h = 50: to the top, as shown by the curved dotted line in Fig. 6. : 
The e subject, of the stresses in ‘masonry | dams has caused a great dea deal 
among British engineers in the last two or three years, 
subject reopened by Mr. w. Atcherly and d Professor Kar! | 


‘The unit stresses, in pounds per square inch, acting parallel 


q 


= 


— 
— 
: 
— 
q 
1 
— 
= 
7 
4 | 2U SU 
stresses, f, are normal pressures on planes perpendicular to th 
| 
— 
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Pearson,* who gave the results of certain | experiments which seemed 


to indicate considerable t tension across vertical planes near the outer 

The late. Sir Benjamin B Baker, Hon. M. Am. Soe. 
__ publishedt the results of of experiments. on a model d dam of stiff Sale and 

very recently, ‘the “Experimental 1 Investigations’ ” of | Sir J. Ww. Ottley 


and Mr. A. W. ‘Brightmore} on elastic dams of ‘plasticine” ” (al kind of 


“modeling clay) ar and the experiments of Messrs. J. 8. Wilson we Ww. 7 
Gores on “India Rubber 1 Models s” have been presented. 
ak 
oti is not the object of this paper to discuss these later experiments a 
but it may be remarked ‘that they show very plainly ‘that no tension 


where the dam is s joined to the foundation, and it has b ween a serious 
‘matter how to deal with it. The influence of the foundation in modi- 
fying the distribution of the stresses at the base of the dam was found _ 


to be causing » ‘tore uniform than 


ma. Il distance | above ‘the base, the of the trapezoid” was 


Tlel to found t to be approximately correct, leading to stresses on the the safe side 
of the at the outer “toe. ‘This law leads to stresses at the outer of the 
pty: base considerably i in excess of the true o1 ones. 
was vas found, from the rubber ‘models ps particularly, theory 
indicates, that the greatest pressures are exerted at the down- 
q | stream face, for reservoir full , and they act i in a direction parallel 
Minutes of Inst. C. E., Vol. . 456. 
Ibid, Vol. CLXII, p. 123 
r to Ibid, Vol. CLXM, p. 89. 
Vol. CLXII, p. 107. 
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Retations aNy Point or a Dam. 3 


ar (a). —Consider a cube of masonry, , Fig. 7, the oes of which has the 
a, bounded by ve ertical and horizontal 


planes: ‘and subjected to normal and shearing AG 


forces, caused by the of other parts of 


the dam. Since a will | be | supposed to diminish 


indefimtely, the weight of the eube, which 
_ proportional 1 to a*, is an in nfin itesimal of the third 


order, : and can be neglected in comparison w with 
_ the normal fo rees, which va vary as a and are 


= the average 
treated from the as the unit atresses at any point, of the 


As @ diminishes i indefinitely, the oppositely directed no “normal: forces: 
a” approach ‘equality and balance independently; hence the couples formed 


the shea: shears | on ‘opposite faces must likewise e approach equality; the 
one being right-han handed, the other left- handed; therefore a = 


et 


qd ax a, or g = hence, the. intensities. of, shear point 
planes at ‘right angles are equal. The re relative “directions of the 


shears on two planes: at right angles 
7 are determined, as above, from the 


‘consideration that one “resulting 


couple must be right- ‘handed and ‘the 
handed. This applies also 


to Figs. 8 to 11. hs 


F Fig. 8 AB is the 
Tight, section n of a prism at the outer 


face, with la lateral faces one unit in length, aenitetat the > plane 


A B be vertical; tan. =m, a constant; 


yan normal intensity ¢ on a vertical plane at 


a a q = shear intensity on horizontal or vertical can at C. 


The weight of the prism is, 


a 


— 
Be 
| 
— “ 
. 
= 
— 


_ Balancing vertical as well as horizontal en we have, when 
=A B and =A are small, 


‘Dividing the “first equation by b, the a, the limit, as a 


and b ‘approach zero, ‘gives exactly, 
cot. ps therefore q q= =m D, 


= tan. ¢, therefore = m* p, po” 


y b h t 
These equations give the relations between p,4 the outer 


fa ace. The same relations hold at the inner face, for reservoir empty, 


™ on replacing ¢ by ¢’, the angle the i inner face , makes with the vertical. 

— For the remaining cases, ‘the final limits will be written at once, 


A | sine the complete process of deriving them i is evident from the above. 


In fact, the weight | of. ‘the prism, 5 a b, being of the second order, can 
be caer in comparison, with q a, ete.  w 


=) reservoir full, calling « h, the 


inte 4 of Wi ater Pressure, horizontally 0 
4 


C, have at the inner face, 


pays 


these se equations ‘willows to, 

T=Pn, p' = p+w. 

Sim shear on the outer face is 

ance e shea 
i ar on the outer face is zero, — 


therefore, by (a), shear | r on a plane, A D 


—If of the water pressure is neglected, 


4 


there fore e 


Fig. perpendicular ¢ to the outer face, is also” 


4 “zero, or r the stress on A D i is 


f the intensity such a stress at C 


The total ‘pressure on A D= x AD= fb 


cos. , and its vertical component is f 


therefore re e balaneing the vertical components, 


= 
| — 
| 
— 
forces a 
ormed 
on two | 
7 
— 
Cc — 
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an 

his is a most important finding the 

intensity at the outer face. It applies equally to the i inner face for 


reservoir ‘empty, on changing to the angle th the inner face makes 


with the vertical. For either face, is the vertical normal unit stress 


(f). —Principal N formal Stresses 
= Any Point in ‘the. Dam and ‘the 


Planes Which They Act 


the prism, A B 0, Fig. 11, let. A B 
~ be one of the ‘planes on which the 
stress is normal. Let be i its i ‘in- A 


A B, unit length ‘perpendicular 


to the plane of the paper, is thus 
its vertical ‘component is, 


us 6= =f b, and its horizontal « component is fe > gin. i a, 0 being 


the that A makes with the horizontal. bad 


Place the sum of the vertical forces acting on A B C@ equal to 


also place the sum of horizontal forces equal to zero. =i 


4. b=p b+ q a, therefore tan. 6, 

‘The of the two equations gives, 


es: 
f 


tan. 6 = 


formula for f, 


— 

f 

| 

— 

he angles, @ (differing by 90°), computed from this equation, 

give the directions of is entirely 

3 
ab 
— 

— 


_This equation gives the two values o 


ax, 


tive. There can be no tension when 


A better form for computation is, 


planes mentioned; compressive when f is positive, tensile when nega- 
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‘AMERICAN SOCIETY OF CIVIL ENGINEERS 


“INSTITUTED 


This Society is not responsible, as a body, for the facts and opinions advanced 


any of its publications. 
y= 


= IMPROVEMENT OF THE OHIO RIVER. 


Discussion 


THERON M. Assoc. M. Am. Soc. E. 


how « consideration of the questions h has been based the assump: 


incre” 


tion that a “possible 11 ft. is the maximum which should be provided : 
for on the Ohio ) improvement, and if 9 ft. is ; economically necessary FF 
at Pittsburg at. present, would not 11 ft. or more be the economical 


development below Portsmouth or Cincinnati? — 


query is not an insinuation as to the paucity of data or 
of ‘study of the scheme for the Ohio River as a river, but in its relation 


the possibilities and probabilities of contiguous ‘improvements and 
their bearing on the Ohio River work. >. 
eal The State of Ohio contains at least one, and maybe two, r routes 
along which it is possible to construct a canal from Lake Erie to the 
Ohio River with a d depth of water of not less s than 12 Bk ae 
For several years a determined effort has been (and is now 
ee “being made) by» some of the State’s best men to have such a canal con- 
structed. There a are those who believe that the State could expend no 0 
money which would be of greater economic benefit than in buil ling 


Ohio is geographically situated directly between ore 


deposits ‘of Northern Michigan and the no less immense: e deposits of coal 
 * This discussion (of the paper by William L. Sibert, M. Am. Soc. C. E., printed in aa 5 


ceedings for October, 1908) is printed in Proceedings in order that the views expresse 
be before all members for fur ther discussion. 
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‘in West Virginia. trav by the trunk of all the Mr. Ripley. 
railroads from the Atlantic to St. Louis and northern points, what more 
ol than that some of her citizens should believe in bringing this _—- 
coal and iron together by the cheapest method, and shipping her manu- 
a ‘product by her own waterway and the Barge Canal of New | 
York State to New York City, or by her railroads to Atlantic and inland 
|= farther south, or by her canal ei iver to New Orleans and 


Questions such as these should be into consideration in any 


deve elopment for the Ohio, : as any structures in that river will determine — 


: z the economic navigable > depth of connecting waterways above, and may 

4 : assist or destroy their usefulness. In. fact, a less” depth below Ports- 

- mouth or Cincinnati than that possible across the State of Ohio might 
prevent the building of an Ohio Canal, and in any event would be a 


sump- 
ovided 
essary 
omical 
or Jack 
elation 
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in omy of its publications. 


Vol. 


N NT HE OHIO. 
BETWEEN STEUBENVILLE, OHIO, AND 
VANPORT, PEN NSYLVANIA. 


By Messrs. F. Grorce B. ‘Prestow, J. Martin AND 


F. Lavis, M. Am. Soc. C. E—The valley of the Ohio River, and 

‘ee territory tributary to it have witnessed a A greater development of 

long- “distance ‘interurban electric: 


drawing- room cars, built by the ‘Pullman of slightly 
-jighter ‘construction than ‘the standard « equipment of the largest trunk 
lines of steam railroads. A description, therefore, of one of these 
lines, completed only about six months ago by c one of the most prominent 
- engineering firms identified with work of this kind, is presumably a 
4 description of the - very latest and best practice in the construction of § 
railroads of this type at the present time. 
_ The general characteristics of these interurban lines | are, that they 


{ pass through the various cities and towns along the route on the sur- - 

_ face of the streets, and as near the business centers as possible, while 
: in the open country between, they are located, for the greater part. of 
distance, on ‘private right of way, in many instances having 

“numerous highway crossings at grade. * This latter feature is not men 
e tioned by the author, and may have been avoided on this road, but the 


* This discussion (of the aper by George B. Francis, M. Am. Soc. C. E., printed it 
Ps oceedings for November, 1908), is printed in Proceedings in order that the Vv iews expressed 
be brought before all members for further discussion. 
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these crossings, which only slightly, if at all, less mr. Lavis. 
dangerous” than those of steam railroads, is becoming increasingly 

- large, even in States where a great deal of public money has been, and 

is is being, expended in eliminating such features on steam railroad lines. 

This road, between Rochester and Steubenville, passes through : 
7 “tereitony described by the author as a very “hive of industry,” and the | 

population tributary to it, amounting to more than a million people, = f 


in, or practically 100 000: per mile on the whole Jength between - Pittsburg 
and Wheeling, is composed largely of the class of prosperous mechanics ~ 
and laborers which furnishes a larger patronage, in proportion to the 
total populatio on, to ya road of this kind than does any other. . The most 
Substantial | construetion, therefore, i is apparently warranted. 
In order to get some idea of the relative importance of the con- 
struction on ‘such a line, it seems desirable to have some basis of com-— 
parison with other standard railroad practice. The bridges on on this line 
are designed for a concentrated load of 24 tons on two axles at 10- ~ 
centers, or 1800 ‘Tb. per lin. ft . of single track . The heaviest equip- 
ment of the New York Subways and Elevated Lines has a load of 


» 30 tons on the two axles with the motors, and 11 tons on the other | 
a 


two, or an average of 2080 Ib. per lin. ft. of track, which. is only 7 
in use on steam railroads are about 80 ft. long, and 5 weigh about 60 


slightly greater than that used on this line. | The largest ‘Pullman cars” 


: &§ _ tons, this load being carried on two six- wheeled trucks, giving about 
ZZ «10 tons per axle and about 1500 Ib. per lin. ft. of track. A “passenger | 
er hey-t a locomotive of the Atlantic type, weighing about ' 75 tons, which i isa fairly — 
ent of a large engine for express ‘passenger service | on 1 anything but mountain | 

of the eras, as a load of about 20 tons per axle on the driving wheels, 
ng and the load, for engine and tender loaded, will be about 4000 lb. per lin. 
slightly ft. of consolidation freight engine, weighing about 100 tons, 
+ trunk has a load of about 22 tons: on the driving axles, and will average a 
f these 5.000 Ib. per r lin. ft. of track. The bridges « on this road, therefore, will A 
yminent earry almost any standard railroad equipment except locomotives, the 
mably a weights of the heavier types ‘of which in ordinary use would be about — a E 
ction of double that for which these bridges were designed. 
Having i in view, therefore, the fact that the requirements. of roads 
hat they ) of this class are not, in many respects, very far removed from standard — 
the steam railroad practice on first- class lines, and a in some respects 
le, while a : greater than the requirements on many inferior lines, it has seemed to =——™S 
r part of the speaker that it would greatly enhance the value of the paper if ie 
5 having the author would give some of the reasons for. the very radical 


practice as is regards the location of 
prin 


‘The author states that ‘ ‘It “considerable engineering study 
x 
and skill to locate a line which would give easy 


curves and grades,” considering the n natural difficulties of a > 
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stated in the paper in regard to what the author considers to be easy 


Lavis. and the possibility of securing private right of way. Nothing 


- eurves for a road of this type, although, as a matter of fact, outside of 
the cities, curves of from 200 to 300 ft. radius, provided there were not 
too many of them, and the amount of central angle = covered was 
i necessary, would probably have little effect either on cost of operation 
or speed. In passing through cities, curves of as small a radius as — 
4 bed ft. “are not infrequent. This’ ‘difference between roads of this type 
and trunk-line railroads where a curve of 1000 ft. radius “is con- oa 
sidered quite sharp and ‘necessitates slowing down to from 20 to 25 
wie ‘an hour, is quite ‘marked, and is due of course to the absence — 
on the electric road of the long” rigid wheel steam 
The question of grades on ‘these electric r roads, however, is on 
about which far less is known, at any rate publicly. Railroads build- 
ing new lines to be operated by steam, even in a great deal of the, i 
yet, undeveloped parts of the country, are very reluctant to adopt higher 
rates than 0.6% unless the topography of the country | absolutely 
_ demands ‘it, whereas « on the profile of the road under consideration, as 
_ shown by Fig. 2, one grade of 9.9% is s shown for a fairly long stretch, ; 
and there are several stretches of 6% to 7 %, although most of them 
seem to be fairly ‘short. 
a. The reason, 0 of course, for the badly broken grade line is the 
fact that the river is occupied by the steam ra railroad, thus forcing 
the electric road in many cases high up on the side-hills where these 
~ eome close to the river and necessitating its descent nearly to the river 
level where the hills lie farther back, in order to avoid a long detour 
to keep up. . This « characteristic: of the country is shown very clearly 


the view of the Yellow Creek 


ge The ability to ignore, to a very large extent, considerations pom 
—aflct ‘the determination of the rates of grade, which govern steam 
pe eng practice, is the chief characteristic which differentiates the 

“a location of interurban electric railroads, or any electrically operated ff 
railroad where single cars or multiple- trains are to be 
exclusively, that of those operated by steam or electric locomotives 

at the head of the train, although few data have as yet been made FF 
"public as to the actual conditions which govern determination of 

_ the most economical grades to be used on these electric roads. i a 
Ona steam railroad, in conjunction with the necessity of low 

grades, ‘it is also almost as important to arrange the grade line so. that 
the demand on locomotive will be nearly even as possible 
throughout comparatively long - stretches. . No considerations of this 
kind apparently influenced # the fixing of the grades on this rail road, 
Gt wou t to 

and here as again it: would ‘undoubtedly be of considerable interest toy 
know just what considerations governed of the engineers 
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- As the steam locomotive is most, economically operated when the Mr. Lavis, 
demand on the machine is fairly « -consister nt, so also is this the case a 
~ with almost any machine or power plant, including, a and perhaps — >) 

Tn the case of the latter, when ‘power is being manufactured for 
the > operation of a railroad, it t may | be considered that, where a a fairly 


a arge number of cars are being operated, the demand will be equalized — > + 


by the fact that some cars will be going down grade while others are - 
going up, some stopped while others are going at full speed, ete. ; but, 

7 a a road such as the author describes, where the service is infrequent _ ‘7 
‘and the number of cars in use at a time small, the \ very broken grade 4 7 om 
line and the high rates of grade would apparently tend to create a 
somewhat irregular demand, as there would be nothing to p pr revent a 


combination frequently _oceurring where all: the cars, or at least “a 
majority” of them, would going up hill at once, and then within 
few minutes be all going down hill. the case of power-houses- 
supplying ‘power only for the operation of the cars on a railroad of rae 


this kind, this might be a serious consideration. The e power- houses on 

this line, however, supply power for both manufacturing purposes and 

7 electric lighting, for which purposes the load is probably fairly even, 
and is a large proportion of the total output. _ The variation in the 

load from the operation of ears, therefore, does: not affect 

ae a | them greatly. - The great economy iy of a uniform load at a power- station — 
& is strikingly exemplified by the contract recently made by the Com- 


monwealth ‘Edison Company, of Chicago, for supplying power to 
river the street railway companies of that city. * The very low rate > of 0.4 0.4 
Jetour © cent per kw-hr. was made, provided - the demand was uniform, any 
early v ariation from this uniform demand being according to 
eertain schedule mutually agreed upon. Of course, a street railway 
which a 7 operating in any large city will have high peak loads during the rush — 
steam [a _ hours, and therefore the demand cannot be regular; this i instance, how- 
the er, being s¢ so o recent, and the contract so important, serves to emphasize 
peratel desirability of uniform loads at the power-houses. 

e used _ iti is well to bear this in mind and not lose sight of the fact that the 


motives electrical operation of railways its | limitations, although many 


n made 


tion of be permissiiide on steam railroads§ — 

a 4 There is : another question which it has seemed to the speaker might 
“of low - naturally occur to some of the readers of the paper, and that is: 

eo that Before deciding on the construction of these lines” at all, was any 


‘possible sideration ¢ given to the possible « effect on the new line, should the 
“of. this steam railroad, » with its truly easy” grades s curves, decide to 
railroad, electrify its line and run short | trains at. frequent intervals, or even * 


equip ‘its line with one of t the many types of motor cars now apparently =e 


terest 10 
~ in successful operation on many steam railroad lines, where frequent 
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a DISCUSSION ON ELECTRIC RAILWAYS IN THE OHIO VALLEY [Papers. — 


on ‘Levis, . Service for a a ‘comparatively y small number of passengers at a time is 


edi also, that such a service as that necessary to en success- 
fully with the electric lines might interfere too much with the — 
business of the road, both passenger and freight. 


an | interurban railroad across country, some 


are at all large, and the joints are left open sufficiently to prevent the 
track from kinking in hot weather, there is likely to be excessive pound- 
ing of the ends of the rails at the joints, due to the wide spacing. nm 
would be interesting to know whether any such trouble has been fend 
on this road; and, if so, what means were taken to overcome it. The 

standard» “section of the track, shown in Fig. 8, seems to show 

that no ballast was placed above the tops of the ties. 
At is is quite ‘common practice now, in laying street railway tracks 
through ‘paved streets, to lay a a fairly ‘substantial concrete foundation 
both under and around the te, ond to such a height over them _ 
will just allow for the type of paving to ‘be used, with the necessary — 
_ sand cushion under it. The speaker had occasion to note only a short 
time ago the installation of this type | of | construction for a street rail- 
way track operated by a large public : service corporation, on a double- 
track line, where the cars were > operated on 20 ) min. headway, | with little 
if any special excursion business, so that the traffic was probably not 
greater than: on the line described by ‘Mr. ‘Francis. No mention of 
such a type of track construction is made in the paper. Tf it was not 
used through the paved streets in the cities, was it on account of the 
“necessity of curtailing expenses, or because it was not considered 
economical, in view of the expected traffic on _ the road i? The excessive 
‘wear and tear o 
the very pear adoption of the very best type of track construction 
possible for street railroads almost everywhere. 
The width between centers of tracks, adopted on this road, namely, 
9 ft. 8% in., . is the general practice on street railway work in cities, 
. though many interurban roads, v where high ‘speed i is used, have adopted 
- a wider ‘spacing through the open country. On the road recently com 
pleted between Baltimore and Washington the tracks were laid 11 ft. 
on centers, and 80- Ib. rails i in 33- ft. lengths were used. The fact that 
the bridges o on the Ohio road were designed to allow the tracks to be 
- spaced 12 ft. on centers allows the inference that the engineers had in 
view the possible necessity of w Ww ‘ider spacing of of the tracks in the future. 4 
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There is another point which the mei believes i is not ; made quite 

clear i in the pa paper, and that is the reason’ for building a double-track — 

road. _The only information as to the amount of traffic is the sete 

ment that cars are operated on . 80 min. headway for ordinary traffic, 

and that there is a considerable excursion business. On roads oie. 
ears operating normally on 30 min. headway, it is generally quite — 

satisfactory to build a single- track road with sufficient sidings to pro- 7 
vide for operation on half that headway, the > speaker having i in mind a 

road in New England which handles quite successfully a very large 
summer excursion business on this: basis. 

The construction of steam railroads is now carried out along lines” 
which have | become fairly well standardized, and the type of construc- 
tion | necessary to” to meet certain conditions is in a general | way well 
known to engineers at all familiar with this branch of the oo thom 

The construction of electric: railroads, however, owing to. ‘the 
greater flexibility of the application of power, is subject 

" greater: variations, and a most intimate co-relation of the work of the © 


how — af engineers responsible for the location of the line and the electrical © 
1 engineers is necessary in order to produce the most economical results. 
acks — mm The practice in the construction of this road, as described by Mr. 
tion > Francis, is so radically different from steam railroad practice that the 
nas - speaker believes that a fuller statement of the reasons which led to the 
sary final design, so to speak, of this road, would be most interesting, not — 
it “only to the members of this’ Society, but to all engineers interested in = 
GrorgE B. 3. PREston, Esq.—A \s having some bearing on the relation Mr. Preston. 
ynot etween the ave average and maximum loads on the power stations, it may  —s—=™ 
_ of q | be of interest to note that with the heavy holiday load of July 4th, 
1908, the 1-hour maximum at the East Liverpool house was 2 000 kw., 
if the while the average load during heaviest part of the day, ‘from 

‘dered y a to 11 p. M., was 1800 kw. On an ordinary day the 24-hour average 
led to” hen considering the question of peak loads, in sill iit, 
action this system, it should be borne in mind that these two power-houses = 
furnishing all the commercial and city lighting, as well as carrying a 
amely, considerable commercial motor load, for four cities having an aggre- 

dopted Mr. Boucher has asked whether or ‘not the possibility using the 
y -third-rail was considered in connection with this s railway system. It 
11 ft Was not considered feasible to the third-rail ‘system because of the 
et that necessity of utilizing the local electric railways at Steubenville and 
to be Kast Liv erpool which were already installed and equipped with the 
had in “overhead trolley, and also from the fact that a considerable portion of 
future. ‘the roadbed lies in public streets and highways. 
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Mr. Schreiber. J. MARTIN SCHREIBER, , Assoc. M. E. letter). 
Although no new engineering features, s, other than represented in | 
modern practice, are brought out in the paper, it is an intelligent and 
comprehensive description of a very ‘interesting electric railway. 
- It is gratifying, « at least to those who have had experience in the 
_ maintenance of some of the old-time electric railways, to know that 1 the 
capitalist is rapidly realizing that it even pays to spend some moncy 
on the permanent improvement of street. railways. Indeed, the very 
hear future will see almost all electric roads constructed with as much 


skill and forethought as i is represented on steam roads. This will 


be necessary for economical, satisfactory, and profitable , operation, a and 
in order to compete with other carrying companies. 
= The physical difficulties encountered in building the track and road- 
way) of the Ohio Valley lines were out of the ordinary, as the location 
‘was not favorable for the work, and the author s seems to be justified 
in the assertion that the configuration of the country through which 
the road was built is such as practically to preclude the location and 
- construction of a future competing line. No doubt this condition 
accounts for the . variable and at some places severe grades of the track. 
However, since the road is double tracked, successful and satisfac tory 

_ The author states that 85- Ib. rails, in 60-ft.. of the 
Am. Soc. E. section, were used ‘throughout the construction and 


reconstruction. The writer is of the opinion that rails in 60-ft. lengths 
are not altogether desirable on open railway work. . ee vis tr true that there 
are fewer joints and more of a continuous track with a longer rail, but 
- there is a disadvantage in | handling and difficulty i: in maintaining proper 
7 _ alignment . Unless special | expansion joints are . used, 60-ft. rails will 
kink j in summer and have open joints in winter. ‘The 33- ft. rail seems 

4g to work to the best advantage for open track, and the 60 and 62-ft. r 
lengths for city or paved track. 

ee ‘one of the photographs it appears that the rail in paved 
eity streets i is also of the T- section. The advisability of using the 
: rail in paved streets and adopting it as a standard in all street 
railway work has | been strongly advocated by many ra railroad men. The 7 
Way Committee of the American Street and Engineering 
Association will make this subject its principal work during 1909, and 
is hoped that a definite recommendation will at next 


A number of authorities, including the engineers of cities, are co 
operating with the ‘street railways in permitting the installation of 
-T-rails in the streets. ‘Several of the up-State New York cities, inelué 
ing. Utica and Syracuse, T-rails during 1908, and “they are 
reported as very satisfactory; and such cities as ‘Minneapolis, with 


T-rails and brick to have some of the street- railwa ay 
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~— _ T he great advantage of the T-rail, over any other section, from an Mr. Schreiber. 


standpoint, and especially the increasing wheel loads, 
is too well known to explain at lengths, and the question is often only a j 
in regard to permission from the authorities for its installation, as ‘ 


much ‘city streets, the paving, - especially adjoining the rail, was not al 


w ill executed. This placed the T-rail in disrepute for municipal work, so 
1, and that it is not uncommon for the engineer of a small borough to demand | 
installation of a Trilby rail , similar t to that required in Philadelphia’ J 
road: or New York. . The writer has often found this to be the case where a _ 


-vehie ular traffic was practically nil, and where the paving was macadam. 
stified 4 ‘the T-rail would not only be cheaper: and a great deal 


which 4 desirable by the railroad company than any other of the oraaoall _ 7 
m and a - sections, but would give better service and more satisfaction to «3 . 
ndition . Z the public at large. This paving about such a rail is as easily main- - § 
track. tained as that the Trilby rail, and with Trilby section 

factory 3 the broken stone is continually getting into the groove and breaking ’ 

wheel flanges, causing uncomfortable > riding, disagreeable noises, and 

of the frequent derailments, not to mention the trouble of maintaining the , 


lengths ; a: account of the great improvement made in n T- rail track cc con- 
at there str struction, it is the consensus of opinion of railway engineers that it is : 


only question of time when municipal authorities will | operate 
; with railway companies in the adoption of the T- rail, except in won 
very largest. cities, where the streets are “narrow, and is very 
heavy. . Just how far the T-rail may be used in densely populated 
q cities, and with heavy wagon traffic and narrow streets, where trucks — ee 


a are compelled to follow the tracks, is difficult to anticipate; but, for 

in paved ordinary city and interurban railways the T- -rail should certainly 
all ‘tree The great ‘difficulty of maintaining track and keeping it in line, a a 
ren. ‘The and with proper joints, with the ‘Trilby and tram sections, are e objec- 
gineering -tions which must be overcome; and there are railway managements 
1909, and which, j in all probability, will direct their efforts in the future to satis- ? 
t nex fying the municipal authorities, by building better track, with sub- 


stantial foundation, proper drainage, and 1 more improved ‘pavements 
é ; to suit the T-rail, rather than attempt to operate with an — 
‘Tail that will meet the present paving conditions. 
ILLIAM BoucuEr , Assoc. M Am. Soc. E—This p paper ‘is 
interesting in. w-s particulars, and draws one’s attention to the very 
extended development of cross- -country electric roads competing with 
eet railway steam roads in Ohio and Indiana, many of which publish time-tables- 
and schedules, run “limited” traverse distances from 50 to 
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_ Mr. Boucher. 100 pene on one division. As these roads are primarily to connect 
genters of population, they necessarily through sparsely settled 
districts, and frequently on private right-of-wa -way ; the: ‘query then 
__ arises, why are so few roads operated by the “third- rail’? >. 
a Tn an any consideration of ‘the cost of installation, it is necessary to 
specify the kind of work wanted. _ Single-track, span-wire trolley con- 
struction may be had at a variety of costs, but, ‘similar operating 
_ conditions and equiv alent current capacities, there is a marked dif- 
ference in the « cost of overhead and third-rail construction. Assuming, 
then, that first- class construction i in 
head with feed wire; oan for 
é erection may be had at a cost of from $4 600 to $5 0 000 per mile, de 
pending considerably on the nature of the ground i in which the poles 
are placed. An equivalent third- -rail system, using an 80- Ib. rail on 
extended ties and insulators, with splice- plates, bonds, , and “under- 
- ground cable for road crossings, will cost, erected, about $3 800 per 
mile of single track. The third-rail is unprotected. - Board protection, 
similar to that installed in the New York Subway, will cost about 
$2000 per mile. The maintenance charges should be considerably less 
the third-rail system over a period of years, 
- Noticing, then, this difference of $800 to $1 200 per mile in favor 
of the third-rail system, there must be some compelling reasons why 
the overhead trolley is used so much more frequently. _ Snow should 
> cause trouble to a third-rail if the interval between cars is no 
~ Sea than 30 min., , and during a storm a any road must be prepared 


to run all ‘night i in order to keep the road open. Sleet, however, may 


- cause trouble, but a scraper has ‘been devised and is in use in New z 


York which seems to overcome the | difficulty. Of course, in the case 
of Toads: operating through country and towns, the | frequent shifting 
of shoe and trolley would prove a nuisance, especially if a. “double. 
_ throw switch must also be operated, and without the > latter the shoe 
is . dangerous to passengers who congregate around the s steps and near 
7 the trucks while waiting to board the cars. . In the ease of long: 
2 distance roa roads, however, with « expanses of country and few towns, and 
-Tunning alongside a platform at stations, the third- rail would seem 
to be superior. If the road on its private right- -of- “way is properly 
eae cattle guards are used at crossings, but little trouble will 


The following roads are now oper erating with the third- -rail: ; Albany 
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M MEMOIRS OF DECEASE D MEMBERS. 


Nore.—Memoirs will be reproduced in the vc volumes of Transactions. Any information 
which will amplify the records as here printed, or correct any errors, should be adeeaiaaed 


the Secretary prior to the final publication. 


‘MARTIN WILLIAM MANSFIELD, M. Am. Soe. C. 


dif- 


ing, 


Martin Mansfield was at Ohio, on November 


also, 1850. His father, Martin Mansfield, was of English birth 
vel 
= was graduated from Rensselaer Polytechnic Institute 
poles service of the Lines West of Pittsburgh as s Assistant 
a : Engineer i in the Maintenance- of- Way Department on the Cumberland 
and Muskingum Valley Railroad (a subsidiary line), at Zanesville Ohio. 
was promoted successively to Engineer of Maintenance of Way, 
Superintendent, and Assistant Chief Engineer, which position he held 
> at the time of his death. 
vo a _ On June 24th, 1878, Mr. Mansfield married Miss Carrie Sampsell 
— at Ashland, Ohio, who surviv ves him, with t their son, Sampsell W. Mans- 
field, and daughter, Miss Corinne S. Mansfield. 


— As a student at Troy Mr. Mansfield was diligent, , earnest, and suc- 
cessful. One of his classmates writes of him, “he gave evidence at that 
} time of the unusual talent, that crowned his later years, for working cc 
and abstruse mathematical problems.” This talent 
indeed characteristic of the man, and was frequently called into play Fe 
by special lines of investigation assigned to him by his superior officers, : 
5. who recognized his ability to analyze a mass of apparently heterogenc- 
ous facts, reduce them to order, : and find the fundamental 
Kindly, affable, and accessible, but ‘strict: in dicipline he com- 
manded the esteem and will of his subordinates. Earnest, 
scientious, and upright, in all things, he had the confidence of his 
‘superiors. ~ Quiet and ‘unassuming in manner, ¢ cheerful in disposition, 
and equable in eo he won the respect of all who me in ecneaal 


Mr. Mansfield was elected a Meuiber. of the American Society of 
Gwvil Engineers on July 5th, 1882, and by his death the Society loses a 
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by Thomas H, Johnson, M. Am, Soe. C. E. 


OF MARK SCHOFIELD 


Mark William Schofield was born in ‘Smithfield, , Rhode Island, on 
November 10th, 1848. His parents were of English stock, and 
to the United States about the year 1844. - His father died while | he- 
was very young, and his mother some years later, (1864, During 

7 his early life he attended the village school i in Georgiav ille, and later, 
a the the Lapham Institute, in Scituate, an advanced academy where many 


men prominent i in later life received a large part of their education. : 
While attending school his energetic nature led him to “spend 
—< portion. of his time in the mill in his native town, wn, where he ‘acquired — . 
much practical information regarding the details of cotton machinery. . 


His tastes, however, led him toward the profession which he afterward 
pursued, and early i in 1867, and previous to July, 1868, he was for a 
time with Mr. ‘William S. Haines, and with Cushing and DeWitt, two 
of the older surveying and engineering firms of Providence. In July, | ‘ 
1868, Mr. Schofield went West, and was engaged on the surveys of | 
the Cairo and Vincennes road, with which General Ambrose E. Burn- 
‘side was at that time closely identified. , Desmond FitzGerald, Past- 
President, Am. Soe. C. E., was then i in charge of the party of which 
Late j in the fall of 1869 he returned to Rhode Island and re-entered | 
‘the office of the late Samuel B. Cushing, Sr., M. Am. Soe. C. Ez, in 
Providence, where, with the exception of about two years s spent o on the 
Northern Pacific Railroad, he remained until the death of il B. 
Am. Soe. C. which occurred in 1888. He then 
-earried on the business as the successor of the Cushings, “until his Pe 
____-In 1869 and 1870 he was leveler o on n the p preliminary survey for the 3 
Milford. and Lowell Railroad, of which the elder Mr. Cushing was” 
~ Chief Engineer. In 1873-1874 he was Engineer in charge of the con- | 
_ struction | of the | East Providence branch of the Providence and Wor ff 
Railroad. the spring of 1881 Mr. Schofield again went W est, 
and, until September, 1882, was Assistant Engineer on the Yellow stone & 
Division of the Northern Pacific Railroad, his section lying between 
a ‘Billings and Miles City, Montana. . Here he served with great credit, 
and, by his faithful and painstaking work, won the confidence and 
respect ‘of those in the Chief’s office. After the completion of the oe 
Northern Pacific Railroad, Mr. "Schofield resided in Providence and < 
conducted a conservative engineering business of a general nature, 
= active work up to within three weeks of the time of his death. : 


*Memoir prepared t by W. ¢ . Temple, M. Am. Soc. C.E. 


WILLIAM SCHOFIELD, M. Am. Soe. C. E.* 4 

Diep NovemBer 271TH, 1908. 
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MEMOTR | oF MARK ‘WILLIAM SCHOFIELD. 

‘His was marked by that sterling character, “unswerving 
4 . honesty, and strict loyalty to the interests of his clients, which won the 


} respect of all with whom he had either business or social relations, and = 
= he unquestionably filled the essential requirements — of an honorable | 


wr Schofield was on December 18th , 1873, to Annie 
) Brown, a descendant | of Chad Brown, | one of the early landowners al 
Providence. _ His widow, together with 1 four children, survives him. | 
Mr. Schofield was elected a Member of the of 


Civil Engineeers- on May 1st, — 
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PAPERS ‘AND DISCUSSIONS 


This Society is not responsible, as a body, for tt the facts and opinions advancel © 


Sixth Street Viaduct, Kansas City. 
‘By E. M. Am. Soc. C. E..... 


7 
WALTER WILSON M. AM. Soc. C. 


By C. S. Bissett, M. Am. Soc. C. E.. 


b oe of Profile and Plan, Sixth Street Viaduct, Kansas sansa: 


Plat i. Vi iews of Sixth Street ‘Viaduct and Kaw River Bridge 
e 


‘Plate IV. 


Gallows Geen for Erection of 
Street Viaduct 

Ill. Conerete Plant for Laying Floor of Sixth Street Viaduct; and Finished ws “ 
_ Floor of Approaches 
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PAPERS AND DISCUSSIONS» 


his Society is not responsible, as a body, for the facts and opinions advanced 
in any ofits publications. 


‘By L. R. Gurrorp, Assoc. M. Am. Soc. C. E. 


To BE PresENTED Marcu 17TH, 1909. 


_ The subject of ‘steel sheeting | and | sheet- piling, for some time past, 
“has been receiving a great deal ok attention ‘from both engineers and 

contractors, an and the many advantages of tl ese materials, in com- 
parison wi | the types of timber construction customarily used, ‘is 

‘The idea of 


siderable _ been made in 


“time: ‘sufficiently ‘economical to permit of ‘use except in ‘il 


‘The were of cast-iron, and very interesting papel, 


4 by Mr. Michael A. Borthwick, published in 1836 reprinted in 


' “Ordinary Foundations,” by Charles E Evan Fowler, MM Am. Soc. 0, £, 


gives drawings of a “number of these forms, and describes their use 


n sheet-piling did not continue to 0 be used to any great 


extent was doubtless due to its greater cost as / compared with timber 9 


sheet piling, as well as its general unsuitableness for work of this 
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very problems with which. construction 


deal, that other forms of metal sheet- piling were not devised, par- 


e 


cast- -iron ‘piling. When cast-i piling was first used, however, there: 


was | a much greater difference between the cost of ‘metal and timber 


piling than at present, particularly in the United States, where timber 


At the present ins there are a ainaiaaeliiag: of forms of steel piling on 

the market, and the many adv vantages which they possess have ; given 

a deserved popularity, which | has undoubtedly been augmented 
by the rapidly i increasing cost of timber. a 


7 The writer has s recently had occasion to ‘study steel “sheeting” and 


“sheet- -piling” quite carefully, and, in presenting briefly the result of 
these studies to the Society, does so in the hope that the subject may f may — 
prove of sufficient importance t to bring out. a further discussion. 


The be best definitions of the e terms “sheeting” and “sheet-piling” 


are 


“The Bracing of Tunnels, with Practical Formulas 
‘Earth Pressures. ” Mr. Meem defines “sheeting” as that class" 
"sheathing which is set in or with 
“and “sheet-piling” as that class of sheathing which is driven ahead of 4 
th the ex excavation, or beyond its final limits. 


Ih what follows, an 2 attempt 1 pt will be made to ) determine ¢ the 


mm ° of 2 a satisfactory steel piling, and an analysis of ‘some of th the 


sections in use at present time will be 


e construction engineer requirements for sheeting and: ‘sheet- 


ri nted in ‘piling a are “about as follows: 


Strength, to. ‘resist earth or pressure after the piling 


Seeond. Stiffness, to enable | it to be driven without buckling or 


under the of the driving hammer; 


Third. 2 
the o other hand, the manufacturer will require a section 


‘4 can be manufa ured. practically and economically, i 
if 


2. Papers.) STEEL SHEETING AND SHEET-PILING 1 
character. It is rather remarkable, however, it ‘is considered 
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present time can be ‘placed i in n three ‘groups, Shown by the sections 


The first of requirements—that the have 
lateral strength to support « earth or water -pressure—willl now be con- 
idered d. It will: be seen that from this: ‘point view the: problem 


- ted d generally i is to ‘support a a ‘continuous and uniformly va varying load 


TT 


over a surface, and most measure of the 


This method involves the that ‘the se sections 


interlocked act as a a unit. ‘The diagram, Fig ig. 3, shows. graphically how 
certain of the sections shown on Fig. compare in this respect. 
Ine constructing the diagram the vertical ordinates are the weight 
per ‘square foot of the » piling assembled, and the horizontal ordinates 


are: the section moduli, expressed i in cubic inches for a section 1 ft. in 


width . An inapection 0 of the diagram wi will indieste the economy 


‘the flanges are about same. spring- ype, will be 

a noted from an inspection of t the drawings, depends on the material in 


ng a joints for its lateral strength, but, ‘as the plate forming the body 

of the pile ‘may be stiffened by standard rolled sections , riveted thereto, 
it is difficult to include this type in the « comparison. 
The second requirement— —that of stiffness to resist buckling while 
being -driven—can be by the least radius of gyration | of 
piece to be driven, and this is shown graphically | on the diagram, 
4 Fig. 3. . In this diagram the \ vertical ordinates, as in the previous 


diagram, r represent the the weight per “square foo foot, “while the hh horizon 


ordinates are the least radii of gyration, in inches. 
‘The ‘third requirement—that of water- met 1 most 
he nomically by those sections which do not require auxiliary packing 
Pieces, such as wood fillers at the joints, or caulking strips, to render 


the manufacturers’ ‘standpoint, the sections ‘illustrated 


Group 1 are desirable for the reas reason that they a are composed of 


which feature, however, is to a ac certain extent 
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=~ STEEL SHEETING AND SHEET- -PILING 
ate The various forms of steel s sheet- -piling which are most, — at the 
‘present time can be placed in n three groups, a as shown by the — 


on n Fig. 1 convenient — m, these se sections are drawn t 


lateral strength to earth or water ‘pressure—will now be 


= sidered. . It will be seen that from t this point: of view the ‘problem 7 


ate stated generally i to ‘support a continuous and uniformly varying load 


Pa. over a flat surface, : and the m ‘most convenient measure of the strength 


is the ‘ “section modulus,” on n the basis. of 1 width of ‘the piling in 


place. This ‘method involves ‘the assumption that the s sections when 
=a interlocked act as | a unit. ‘The diagram, Fig. 2, shows graphically how 


certain of the sections | shown on, Fig. 1 “compare in in this respect, 


in constructing: the diagram the vertical ordinates are the weight 
square foot of the piling assembled, and the horizontal ordinates 
oe the section ‘moduli, e expressed i in cubic inches for a section 1 ft. in 
width. Ani tion of the diagram will indicate the relative economy 
3 regards the | ratio of weight to strength. 
Lackawanna type would doubtless show ‘approximately the s same 


‘modulus as as the United States type, a as s the over- all dimensions: 


nspect 
of ae sectio ons a 


‘the joints for its lateral ‘strength, but, as the plate forming va body 


of the pile x may be ‘stiffened by si standard | rolled sections riveted thereto, 
it is difficult, to include this type in the comparison. 


‘The second requirement—that of stiffness to resist buckling while 
being driven—can be measured by the least radius « of ‘gyration of a 


oa piece to be driven, and this is shown graphically on on the diagram, 
g. in this. ordinates, as in the: Previous 


those sections which do not require "packing 
_ pieces, such as wood fillers at the joints, or caulking strips, to render 


them tight. 


Pry From the manufacturers’ standpoint, ‘the illustrated under 
- Group 1 are desirable for "the re reason that they are composed of com: 
ret ae structural shapes, which feature, however, is to a certain 1 extent 
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4 ‘offset by the fact that considerable le shop" work is necessary in order 


‘to rivet the various pieces together. 


ax 


‘Special rolled shapes, Group 2, were designed | in order to ‘eliminate 
all shop work and permit of the sections being u used as they come ‘from 


rolling mill, particular attention being paid to the interlocking 


a 


sections classified under Group require considerable 
work, | and are undoubtedly the ‘more expensive of the — types 


the basis of cost per ‘pound | of but this is offse by the 
-* ct that a pars lighter and stronger section | ean be secured, which 


i sities generally, i in a lower cost per square oy of material in place, 


the present time no satisfactory method is in general” use 
specifying the 1 requirements of steel sheeting and sheet- -piling. g. One 


method is to specify a minimum thickness; another is to specify : 

minimum weight per square foot after assembling. Bee of these 

‘methods is satisfactory, as both entirely overlook what, in the writer's 

opinion, are the prime essentials, 1 viz., strength, ‘stiffness, and -_water- 

ightness. 


an 


using a flat plate, but this, of course, would be entirely un- 
suitable, unless some means of properly stiffening the plate is provided, 
in order to enable it to be driven into place, as well as a proper method — 
of joining ‘the plates at the edges. requirement. of a ‘minimum 
q weight per ; - foot can be met by increasing the weight nt at the ‘the: joint and 


‘reducing the thickness the metal the whieh j is equal ally 


‘The wr writer considers that a proper and reasonable e specification for 

sheeting and ‘sheet- piling is ¢ essential ‘and should be by. 

engineers whenever material i is to be used. 

The pr problem of. computing ig the strength required in in n sheeting 
. sheet. -piling i isa very difficult and complicated o one, as is well illustrated b 

by Mr.  Meem’ paper, previously referred to o, and the discussion 
connection therewith. is very necessary, however, that any y specifica- 

tions: should take this important feature into consideration, and f 


the: following ‘method, it it is believed, will provide a satisfactory basis 
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SHEETING AND SHEET- -PILING [Papers. 


rst. re to 
= ‘The sheeting or sheet- piling, is ea condition of a 


: simply supported beam, one - support being the bracing at the top, ‘and 


the other ‘the ground at the bottoms 7 
Third. The load i is ere acai g from zero at the top to a 


Fourth. work, allowable fiber stress not 


| 
‘temporary however, a stress 200 000 not « 

and this provides for a a safety factor of. approximately 


Expressing the foregoing assumptions in a fe we have: 


1. 
‘permanent work 


for temporary construction ;* 


“when | S and = ‘section moduli i in inches*;— 
4 = depth of water r supported, in feet. 
Proper bracing, of course, is essential, and: the values obtained | 
from these formulas are intended merely to provide for a “maximum 
theoretical condition, to be used , as previously. stated, a as a a basis” for 
; specifying the minimum strength required. For: any special case, exact 
figures should be made, taking into : account the spacing 
figures shi 
rangers and bracing to be used, the character of the soil, ete. 


= distance from support to point of maximum bending, 


d= = span of i.e., length of piling between supports, an 


section modulus of beam, 
= allowable fiber stress, 


“ Treatise on the Resistance of Materials ” 
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With this explanation the paragraph ‘relating to ‘the strength, 
the writer offers the following specifications, v which, it i is s believed, will 


: mere steel sheeting 0 or sheet- piling, without, designating any particu- 


tions of the of Steel Manufacturers: Struc- 
; tural Steel for Buildings, Revised to February 6th, 1903. Saas 


Unit Strains.—The allowable unit strains per square inch i in ben bend- — 

ing g on extreme fiber shall 1 not exceed the following values: as a pac 


For temporary work, 20 000 Tb. 


For permanent, work, 1600 000 Ib. 
“Strength. —The section used shall have a ‘section modulus per foot, 


when assembled i in | place, of not less than the following: a 
Lengths of 10 ft. or less 


from 10 to 15 ft. 


‘ratio of 


in to Teast radius of of eyration of not more than 250. 


Water-Tightness—The sections when assembled in in ‘place shall be 

water- tight at the joints, without ‘the 1 “use auxiliary packing 

| _ caulking pieces, unless such packing or ailidia pieces a are made part _ 7 
of and are assembled with the | sections of the sheeting or sheet-piling — , @ 


the ‘heads of the’ and; if ‘necessary to prevent this, a tight fitting 
cap shall be used. D Driving shall be done, preferably, by steam 0 or com- 


APPLICATIONS. 


steel sheet- -piling of rolled ‘sections ‘was s first cused in te United 


States | in 1902, when ‘the J ackson | type of beams and channels” was 
® utilized i in the construction of a coffer- dam for the foundation of the 
Randolph Street Bridge, Chicago, Til. Since that time the of 


teal sheet-piling for’ coffer-dams of all kinds has become quite ¢g general. 
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| STEEL SHEETING AND 


_ The largest example is, without doubt, the coffer- dam now under 
construction for the United ‘States Government at Buffalo, N. 


This ¢ coffer-dam encloses an “area 887 by 200 ft., in which is to be con- 

structed | a ship lock Black Rock Harbor and Channel. Two | 

of steel sheet- piling | of the Lackawanna type are. being used, driven 
30 nite rt and connected by a1 cross-walls at intervals of 30 ft. The 


pockets t formed are be filled with clay, before the water is 

: a A very economical application of steel sheet- piling i is is its use in. —_ 


a neetion with dams | or embankments, where i it is frequently driven to 


orm a core-wall designed to prevent seepage. ‘The first ‘suggestion 
its use for this purpose which ‘the writer has seen “was that made by 
late George Ss. Morison, ‘Past- President, ‘Am. Soe. C. E., in his paper 
entitled “The | Panama Canal* In this paper er Mr. Morison proposed 
to use steel sheet- piling of rolled sections 


Probably the first actual application of steel sheet piling for a core- 
was made by the Hackensack Water Company, ne near ‘Hillsdale, 


N.J m* the Friestedt type being used.  ; recent example is a dam at | 
for the Uncas Company, of Norwich, Conn. 


In this case an attempt was made to drive 6 by 8-i -in. yellow-pine sheet: 


piling of of the ordinary tongued and ‘grooved type fitted with “malleable 
gast-iron points, The soil was of a gravelly character, 


or, more ‘properly, a hardpan, which the timber oiling failed to pene 


= ate, the piles brooming or splitting to such an extent as to be ‘utterly :] 


a worthless. Steel sheet- -piling of the Wemlinger corrugated type, formed 
in, -in. plates, was substituted ar and satisfactorily driven, 


bat although i in some cases more than 4000 blows of a steam hammer with 


a ram. weighing 3.000 Ib. were necessary in order to secure a penetra- 


in 
_ tion of 18 ft., due to the e very compac ct character of the soil. 


becoming more 


Another application of steel ‘sheet- pili iling whic is 


i more general is ‘its: use as shoring i in the construction « of building 


It is ‘possible by th the use of steel sheet- piling to secure | satis 
factory foundations which would ‘otherwise require the “use of 
caissons, which are very expensive. ve. Ex 
construction of mine shafts is another application whieh | 


* Transactions, Am. Soc. C. E., Vol. L, 
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STEEL SHEETING AND SHEET- PILING 
steel sheet-piling has been used successfully. However, 


largest field for the adoption. of. steel sheet- piling is in trench work, 


az while it has been used to some extent t for thi this p purpose, it is only 
recently that a type of steel sheeting has” been developed which is 
economical i in comparison with wood sheeting. . This is ; due to the fact 
“that it is now possible - to secure a ‘steel sheeting weighing 10 Ib. 
less per sq. 4 which can be in widths of 12 in., 
¥ 
“it is considered that this sheeting, with proper care, may b b e used 
‘practically indefinitely, the saving over the is evident. 
_ Recently, in n the construction of a sewer at Summit, N. J., 7 100 


lin. ft. of 10- ft. Ww emlinger corrugated sheeting was used on 8 000 ft. 


- of sewer in a trench varying in depth from 9. to 22 ft. , that is to say, 


same sheeting driven and pulled at Teast 80 times, and at 


completion of the job was ‘still in ‘good condition. This. s sheeting was 
made of 16-gau f 16-gauge ge material, weighing 5 Ib. per per sq. q. ft. in n place. ‘Sheeting 
of the same type is now being used for sewer and conduit trenches in 


= ashington, D. C., Buffalo and Rochester, ‘N. -Y., and a a number of 


) pene- Fic. 4. > & 


formed use to which the — forms of steel sheet- -piling a1 are e especially 
driven, adapted in connection with levees. Driven down through the center 


es with it would effectually | cut off any seepage under them and -abso- 
= prevent being by crawfish, muskets 


or other 


ng more 


building 
4 below levee itself made ‘possible thereby. re 


Still another a] application is in the of docks and 


heads, an and, while it has never been used for this Purpose in the: 


States, as far as the writer is aware, it has: been done in 


Germany, ‘Hohentor her, near Bremen, and in the ‘port c of 


Bremen, where a considerable of bulichond work hes been built 


rs. 
ler | 
Y. 
on- 
at | 
| 
— 
— 
by 
1 | — 
cores 
am at _ 
— 
— 
q 
- — 
itly reduced section of the 
— 
of pneu 
in which im 
— 


STEEL SHEETING AND SHEET-PILING 


of the walls: ‘of two large ship- locks on 


all these cases, the was along the bank, 


and beams were bolted te -the he piling, | 


slabs buried in the bank. The results are re entirely | 


the bulkheads present a very substantial appearance, and are much ~ 
more economical i in cost than concrete or masonry structures, while, at 
the same time, they are considerably mc more durable. than timber 


bulkheads. 
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broad, : flat valley o of the Kaw River to the high land on each side. ide. 


It w as designed to accommodate, and, by improved conditions for 


comfort, safety, and speed, to facilitate stuest-cor and vehicular traffic ; 
to the unification of the socal end commercial 
interests of Kansas City, Missouri, and Kansas City, Kansas, 
The main viaduct and those portions of of the side laterals or ap an 
- proaches now w finished include, i in general figures, 1 900 lin. ft. of road: 


88 ft. wide, 6100 lin. ft. 30 ft. wide, 1000. lin. ft. 24 ft. wide, 
and 1000 lin. ft. 20 ft. - wide, a total of 10.000 lin, ft. of roadway; . 

8500 lin. ft. of double-track railway. 

have been use used more than 120000 lin. ft. « of piles, 23000 cu. yd. of | 

“mass concrete, 13 000 tons of steel, nearly 10000 cu. yd. of reinforced 


om, 34 000. sq. yd. of asphalt pavement, besides minor and mis- 


; cellaneous material. | On one lateral, or side e approach, where an incline r 


could not be conveniently placed, there were installed ed two large electric. 


le ators of ‘sufficic nt | ccapacit ity to raise any vehicle 


e Notr.—These papers are issued before the date set for presentation and discussion. = 
Correspondence is invited from those who cannot be present at the meeting, and may be 
Sent by mail to the Secretary. Discussion. either oral or written, will be published — 
Na subsequent number of Proceedings. and, when finally closed, the papers, with 
discussion in full, will be published in Transactions. 
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THE SIXTH STREET VIADUCT, KANSAS CITY — 
Figs. | a: and 2, 2, Plate i, are general views of the viaduct | and the bridge. 
Kansas ( City is located on the ‘south side of 1 the J Missouri River, 
below one of its great bends, endl lies sin the States s of ‘Missouri and 
Kansas, with the crooked Kaw River "flowing through it to join, ‘the 
greater stream, While commercially and ‘socially possessed of common 


interests, the community has political and ‘governmental div 


_ due to its position on on the border line ‘of two States, a and is divided into 


_ two distinct cities with their v various suburban settlements. iin 


The valley of the Kaw River, popularly « ealled the “West Bottoms,” 
- is about a mile wide and is quite flat; it is skirted on each side | -_ 


a 


“high bluf bluffs fs and hills, while the channel of ne river meanders through 


i it it, in its lower reaches lyi ing close to ‘the “western bluff. ‘The Mi Missouri 


River has poy gradually pushed ‘northward, through the agency of 

dikes and mattresses, nd: has deposited, i in the last fifteen years, a 

- strip of land, about, one- quarter of a mile wide, extending : from side 

to side of ‘the valley of “its tributary. W hile practically the « entire 

residence portions s and the principal retail business districts of both 

- cities are on the hills, there are to be found, | crowded into the Kaw 


‘Valley, | many commercial industries, packing houses, stock yards, 
manufacturing plants, wholesale warehouses, the freight stations of 
the thirty- railroads” } the ¢ ~ several large 


terminal freight yards, and the p esent union passenger station. AS 


an essential adjunct, the e is, th ough t the botic 


network of railway trac 
work or ra 


= Ss, 


private r rights of way. 


_ The transaction of the business of the cities involves an enormous 
traffic: into this valley from both: sides, and all traffic from city to 


; signed for local consumption must be hauled out t of the bottoms; sone 
town distributing houses haul goods out, store them, and ther 


them back; the packing houses, factories, and other industrie 
are e continually conveying their products to to both cities; and, too, 
great deal of the merchandise consumed i in ‘Kansas: City, 1 Kans., I 
All this traffic is confronted by very ‘inadequate passageways and 
very heavy pn from valley to hills, not less” than: 5% on the east 
side, and not less than | 6% on ‘ie west side. : Furthermore, o n the ea 


e there are from the northern part of ae only two possible 
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‘THE SIXTH STREET VIADUCT, KANSAS. oIry “[Papers. 
entrances to > the ; and, on “the west side, giving access to 
Ne Minnesota Ave, , the p principal business | street of Kansas City, Kans., 
is only one passageway. In addition to the steep grades to be 
eontended with, the v ehicular ‘route | to every freight station is ov 
= _ dangerous grade. crossitigs frequently congested with traffic, 1 while t 
interurban travel is compelled to circuitous routes. 


Not only does the highway traffic to and from the bottoms 


of 
the of streets in the The Tne 
e i is elevated for a considerable part of t the way, but the route is indirect. 


ss The need of additional rapid transit across ; the bottoms was long keenly 
i. — by the street 1 railway interests and the public, especially the latter. 


ant: mt Various measures have been devised from time to time to expedite 
n advocated. - Shortly after 
disastrous of 1903, which, by the inundation of the entire 


the 
west bottoms, for a time completely cut of all intercommunication, 
was proposed f 
vehicular viaduct, but. it ‘soon: n became apparent ‘that no money was 


or would be available for ‘such a purpose, and in any case | ‘the diff 
‘culties s of two city” governments jointly handling a structure located | 


‘je two cities, two counties, and two ‘States, seemed almost imeuperable. 7 
‘The proposition t to build a toll viaduet by private capital for an 
proached, and investigation was “undertaken = 

determine the feasibility of such a plan. A preliminary survey showed 
: that a a viaduct could be built across the accreted lands near the Missou 
_ River, then unoccupied, w which would shorten the distance from cen te 
= center of business districts by street « car 4150 ft. (26%) and 1 


min. (60% would give easy: grades and uninterrupted passageway 


url 
18 


‘each of ‘the various s freight stations in the q 


‘Careful investigation, extending over a number of ‘months, 


- then undertaken to determine: ‘First, ‘the amount of time to be > 4 


by the patrons of a viaduct; 3 second , the deterioration of ——) 


ack 
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ee quate, there being only two through lines to handle the entire between- | ee 
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to be ‘lessened; third, the additional loads to be per vehicle; 
fourth, the a actual money te be saved ‘the user ; fifth, the amount 

of toll the 1 user could afford to pay and still profit by the use of a a 


viaduct; ‘sixth, the probable volume of traffic to patronize ‘such a 


structure; seventh, of ‘the viaduct on the distribution of 


r population, and the consequent increase of travel; ; eighth, the probable : 
growth of the cities and the i increase of business ; ninth, a minute yand 


thorough estimate of the “cost 0 of construction; tenth, ‘the annual cost 


a to ‘be realized. 


a = For many of these questions there was no precedent, and some 


3 conclusions were based on unsatisfactory data. determination 


of the e number | of vehicles ‘passing to and from tl the bottoms required 


an extended series of actual counts, secured day to day, 
prineipally | by detectives of the Pinkerton ‘Service. These counts “were 


‘made at various times from October, 1903, to June, 1 1904; ‘and numerous 


‘independent tallies agreed closely with a total of about 12 000 vehicles 
per day to and from the e bottoms. 
Asa a further verification of these figures, statements were obtained 


leading 1 transfer and large haulers as to the estimated 


study of comparative s statistics showed Kansas to hav 


"exceptional business prospects, for, while at present 
population, it ranks as 3 in clearings, twelfth i in n total postal 
"business, second im railroads; second i in grain” business, 2 and. it is 
situated in the center of a rich and productive territory. 


Neither did the estimates cost of construction and maintenance 


particular difficulty; but the determinations the individual 


profit to be secured and the toll which could be ‘reasonably 


‘The matter of the utilization of the viaduct for street ome was 


“taken up with the: com 


se ected points giving access to the freight houses 
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THE SIXTH STREET ‘vrabuct, KANSAS CITY 


was feasible as cou 


‘could be operated for about $180 000 per ar annum, and penta earn from | 
“upward o on the capital stock, depending on the future ‘growth 


thecity, 


as. ‘The Kansas City Viaduct and Terminal Railway Company we 


organized to build ‘and operate such a viaduct, and the Common 


Councils of the two cities granted to the ‘Company t the nee necessary -fran- 


“4 

chises. The p1 principal | provisions of these franchises a are 

‘The franchise is to continue in force for thirty years; 


A schedule of maximum tolls i is fixed; 


A clause provides that the City m may at the end of ten years _ 


chase the viaduct at any y time, by notifying ‘the Company | one year 


ine ‘advance, a at the actual cost and a stipulated v varying interest rate; 


A provision is made for the Company to. pay - the City. 2% of its 


soon as certain legislation was was obtained from 


“Missouri Legislature, financial arrangements were completed, right of 
way secured, and the. construction, for which general. contracts: 


It had been the intention to commence the Mulberry Street Ap- 
proach “first, to finish ‘that approach and the east end of the main 


structure the approach to the | eastern terminus, and this 


‘Portion i in wagered before: the completion of main viadu on but 


| 
| 


with until ‘ie complications could 


‘The following pages contain a discussion of the design and con- 


1.—Superstructure, design, manufacture, and inspection. 
2.—Substructure, design, and construction. 
3.—Engineering field methods. 
4.—Erection of superstructure metal. 
rs, concrete floor, paving, street- deck, hand- 


~Approaches | 5 


7.—Final costs. 
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SIXTH STREET VIADUCT, KANSAS cITy 


L 
UPERSTRUCTURE. 


‘The design provides a a roadway 9 30 ‘ft ft. wide over a part, and 38 ft. 


wide over the remainder of the s structure, to — a loading aera 


according to span. from 50 to 100 Ib. per sq. . ft. or a 15-ton road a 


—— separated from the roadway by : a substantial hand- -rail, a double 


for electric cars, to support: a continuous line of on each 


3 ‘each car weighing 40 tons and having a length of 43 ft. 3 in. 


over all. Each: of these assumed loads” is increased by an impact per- . 
GE NERAL -CROSS- “SECTION 


6TH STREET VIADUCT =“ 
KANSAS 
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Before adopting the layout “for th the “spans, an exten nded economic 


laine was m de by pre arin j i arran ements « of a 


‘girders and columns. 7 The varying amount of eon and the unit 
cost of material, as well as the total weight of metal per li linear foot, 
were duly considered, e resultant variation of substructure cost with 
span length 
oor arrangement, and tower spacing for the confrontin conditions 


4 led to the a column structure with one column 


— 
— 
— 
| 
VV 
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@ about out under tl the center of the roadway, , and the other about under the 


: 
a center of the motorway, ¥ , with longitudinal girders riveted into the 


‘columns, cross- -beams riveted into the g girders and columns, and string- 


ers laid on top ) of the cross- -beams. 


re 12 x 31.5" | 
_ Strings 


2. 
One 13g gas pipe conduit 


7 AND DETAILS OF HAND-RAIL 
=e KANSAS city 


Considerations: of possible inerease of railway traffic resulted in 
‘the decision to arrange . the viaduct 80 that at any time there could 


be added two additional tracks, each to carry a continuous line of cars, 
each car weighing 70 tons and having a length of 43 ft. over all. 
is to be e done by adding a third ro ow of columns 


the cross-beams to the ori 1 motorway cantilever 
a The two columns are 33 ft. from center to center transversely, and 


spaced so as to be Toaded equally when the loading is is applied 


with girders, and 


‘ 
ad 
Bar. 0 long over int.stringers 
— — g * 
- OF HIGHWAY PAVEMENT ot a 
_ DETAILS OF HAND-RAIL POST 
— 
: 
— 
— 
— 
Lat 
— 
— Got 
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The third ¢ column will be 31 ft. from the original motorway column | 
and at mid- -point between the two added tracks - The transverse p brace 
ing is arranged so ) that: tracks may be laid o on. | the | ground between the 
columns, and occasional turnouts are allowed for by ‘spans special 


Longitudinally, the structure is divided into sections composed of 


one span of 30 ft., and seven spans of 45 ft. _ The 30- ft. ‘spans have — 


longitudinal bracing to care for the entire thrust of the 345-ft. sec- 

tion, ‘thus j imposing very few obstructions to free transverse ‘Passageway ; 

below, a stipulation of certain | river- --front property holders. ‘The mid- 

girder between the towers is supported at one end in a pocket or shelf : 


‘80 as to slide and allow for expansion. 


car, tracks 


-rails are placed on 


viaduct i is 1. 1.59%, ar tho mtininsom is 0. BI this latter being 


SO as drain th asphalt pavement properly. 


The following working intensities were used i in the design: 


Bending Stresses. 


of 


Stresses. 

end posts. . 

Tntermediate posts and ‘ 16 000 — 


Lateral struts and bracing — 000 — 80 | t 


Columns 


— 

— 

— 

j 

Lhe highway 1s concr 

and supporting a pavement of asp 

side of the highway. Thd 4 

ma 

Flanges of plate girders (counting in one-eighth of the 

__Extreme fiber of rolled sections.......................16000 

cars, 
This 
and 


Pounds per 
inch. 


Impact, for motorway loading. . 


Impact, for highway 


oad Under extreme temp 


were computed to have an extreme fib fiber 2 stress yak 24 000 Ib. b. per ‘Sq. 
nsi idered excessive for such 


AL calculations were based on the use of equivalent uniform live 


wheel concentrations. Because of the very 


in panel sourgyrn cross- -beam reactions, the results from a series of 
pa 


panels 5 of ‘different lengths were plotted and a curve was draw n con- 
é necting all points. i This diagram prove ed of great service in designing — 
the many special girders, for a principal part of the calculations was 


sav saved by taking off directly the : amount of the imposed loads. 


Trestle Construction. 


various ‘special girders and columns were detailed in con: 
formity ‘the ‘standard portions 


generally included following description. 
he 


_ Stringers. —Both the e highway 


of I- -beams set on top of the cross- -girders 

eens thereto 0 by rivets or bolts. 


Small shims are ‘weed under 

highway stringers to provide a crown for. the roadway. All stringers 


a are continuous for the corresponding girder length, ‘either 3 30 5 


? 
ft., and are joined by smal] splice- plates. At \t expansion joints, string: 


ers are halved and reinforced with bearing a1 angles so that they slide 


upon one another. Connecting the motorway stringers, there is a rigid © 


system of bracing, composed of single- angle diagonals, and of cross 
struts of either one e angle or one channel. The connections for all 


7 this bracing are made by lug-angles to the webs of the beams so a8 to 


_ their upper fla clear - for convenience in laying | the ties, 


-Cross- Ginder rs and Cantilevers.—Cross- girders are: “spaced at 15- ft. 


- centers, thus placing t two intermediate | beams i in the 45-f -ft. girder “spans 
3 t. 
. spans ms. 
girders or r to the « 
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slide 
rigid 


2.—THE COMPLETED OvER THE Kaw RIveEr. 
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of the n main n girders. These beams are 52 in. deep, 3- in. webs, 
and flanges composed of two angles. intermediate s stiffeners, 
are pairs of angles placed at eac ch con concentration point, are crim} 
the end stiffeners have e web. The -eantilev 


ers 
ead of w th e detail, that | on 


“of the posts and the webs of the main eindes. “These blocks were cast 


adie 


a driving fit, were driven ‘to place after the field riveting was 


3 completed, ‘and were also ) supported by bolts through the c column webs. 
Main Girders.—The s standard 45-ft. girders are 72 in. n. deep, , with» 


in. webs and duplicate | “flanges: of two angles and cover- plates. 
"general details ar e the same as for the -eross-beams, except that the 
intermediate stiffeners are spaced 5 ft. apart. 


_ —¢ ‘olumns. —T ‘he « columns, _ throughout, are of t two rolled or built chan- 


‘Is joined by a built zt ‘wih the webs of the channels in poe 
_ parallel to the longitudinal axis of the structure. Stay- plates connect _ 
the flanges of the channels. | Columns extend clear to the top of the — 
- main girders and cross- “beams, providing for t them full riveted connec- — 
tions. Lug-angles and brackets are riveted to the columns for the cen-— 
“nection of the bracing, and shelf- angles are provided for convenience 


in girder erection. The shoe is built of side- plates and angles, fastened st 


to the channels, distributing the load to two heavy base-t 


Curved plates, 18 in. high, a are fastened to each side, as sleeves for the 
anchor-bolts, and as bea > anchor- 


* expansion the as have on one pockets ma 


Pilates Tiveted to or base on which 


“the ‘girders slide. “The f the columns are tied to the 


b 
“cent in a 
d 


Bracing —Lateral bracing is used only on “curves, and 


tower sp span, it baling considered that elsewhere t the eonerete ‘floor would 


ve all needful lateral ‘rigidity. Where used, consists of two 
-Giagonals of two angles each, with sufficient a area t to take the stress in- 


either tension or angles are placed just below 


4 | Ta 
— 
cantilever 1s of Tull depth to its end, where provision 1s made for splic- 
ing on a future cross-beam. Splice-plates extend over the girders or | 
columns, and connect the top flanges of the cross-beams and canti- 
» levers. At columns, the thrust at the lower flange is carried into the _ a i eS 
a 
fe 
7 
4 
leof 


he cross- ‘beams, are riveted to the column beams and to ‘the 1 main 


girders, and also to each | other beam m they touch. 


points the diagonals are attached also to the girder. 
Transverse stiffness ‘is provided by knee-braces of two angles 4 fast- 


ened to the column w vebs, and to ) the lower flanges of cross- -gisden, « each 
column being braced in | this way. y. ‘The ends of pairs | of girders waned 


Truss Spans. 
At the Kaw River are used two truss spans, each 300 ft. 103 in, 
= from center to center of end ] pins. They are of 1 ‘the double-interseetion, 


deck, Warren type, with subdivided panels, there being ten main panels. 


» The depth from center to ‘center er of chords i is 87 ft. 6 in., and the trusses 


"are ‘spaced 33 ft. apart. These sp spans are riveted throughout, and atten- 4 
tion is called to their nations size; each span weighs about 900 tons. 
a The floor system is arranged just as on \ the tres stle, with cross- beams: 


and cantilevers riveted into the top chords and short vertical posts. 


+ 


and of dimensions | to fit into the ‘columns. 


avoid th the distortion of the floor- beams as the top chord shortens. 
- The top p chords are of two web- -plates, a cover- -plate, : and four angles, 


with the upper angles placed inside. ft The various top chords are spliced 

only enough to assure alignment, and ‘the contact of abutting webs 
is ‘telied on 1 to carry the compression. 3 The bottom chords are of two 


built channels laced with angles. The ‘mid- -span chord has an area 


are are alternately of built turned out, and of built 


e upper laterals are of two- uals deal oa in the plane 
‘the lower of the chord. They reach the chords at main 


UU 


which are are attached | by plates passing through ‘slotted holes in 


webs, and are connected thereto | by. lug- angles. ‘The lower r laterals 
consist of ‘diagonals, between, main panel points, of laced, four- ir-angle, 


— the depth of the chords. 


The upper laterals are made heavy enough to dispense with inter 


— 
— 
tl 
= 
— t 
— | 
al 
; 
— 
wo small expansion joints ior the floor’ are us on each span 
rol 
Das 
— 
col 
we 
smi 
pace 
— 


here is -_eross-bracing of angle I- -struts floor- 
nent: to a transverse strut below. ‘This arrangement avoids the trans-— 
ference of loads from: truss to truss: due to unequal deflections, and also 


‘the unsatisfactory details transverse bracing fastened to to other than 


The ‘shoes a1 are built of plates and angles, are connected 


the trusses by 12-in. pins. Ten segmental rollers, 8 in. high, support | 


the expansion shoes, and east-steel base- e-plates are used at each end. - 


The trusses were calculated on th 1 the assumption of all loads being» 


distributed between, ‘the two systems. Although ‘the trusses 


are equally loaded when fully loaded, , the resultant stresses. vary ‘some 


what, because the larger part of the load on the highway truss is from _ 
oor, while « on the motorway truss” the live load is much 
were calculated, and, in the make- -up 0 of sections, 
of highway truss were combined with the 
of ‘the rai railway truss. and the two trusses were ok identical. 


_ The one other t truss bridge of the viaduct is a skewed ‘span, 147 ‘ft. 2 4 


Tong, over railway tracks. This span i is of the same general type o 


that at the Kaw River, except that the intermediate es posts are 


absent, the the floor- beams supported on the gu gusset- -plates. The depth 


trusses is 15 ft. 6i in. At ea each end, owing to the skew, there is a 


ingonal girder, 62 ft. long, and | the regular cross-beams are riveted 


: - it. The span is supported on shoes of the usual type, that. at the 
voller wit ng on seve n segmental rollers ‘supported on a cast- 
no bracing , either longitudinal or transverse, in the 


= columns under hin pan, wt especially heavy sections were used. The 


columns supporting the fixed end are 42 by 32 in, , having about 200 


in. of section. Each of the four. is anchored to its concrete, 
Pedestal by eight in. bolts 9 ft. long. 


Specifications and Manufacture-- _The “consulting engineers pre- 


pared complete detailed drawings, and these ‘the contractor pre- 


g "pared working drawings. ‘These engineers’ "drawings do not give 


full all minor details, such as the exact spacing of rivets, sizes of 


- small plates, , ete., but do fix the dimensions. of all ‘members a and of all 


"parts thereof, allowing» the shops fill in’ the lacking dimensions 
Recording to their preference. The: shop drawings wer were then | checked 

by the e consulting engineers, who m made the necessar Ty corrections, and — ee 
fin ly Bo all Ass at the ‘thop 
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--¢ 
all metal is open- -hearth, medium steel. The specifications 


sid 

~ that all plates should be rolled from slabs. of at least six times ‘the plate 

: — 7 thickness, which slabs were to be made by rolling an ingot and cutting 
off the § scrap. ‘The following maximum percentages of ingredients w were 


| 
“nese, 0.70. The ultimate tensile strength on test pieces was to be 
om 60 000° to 76 ] and the least: allow: elastic lin mit, 35 000 Ib. 


The n 20 to 240 


reduction of area a of from 44 to 0 36 per cent. 


workmanship i in every respect ‘was specified. Sheared or 


hot-cut. edges of plates were | planed so as to remove in. of metal. 
Rivet holes: were sub- punched 4 in. less, and reamed to a diameter +}; wt 
greater than: that of the rivet, and it was required that the reamed 
holes be perpendicular to the 1 metal surface. _ A modification en ‘part 


of the foregoing 1 was made, and the field holes for - the e stringer br: acing 


and certain: other minor parts were size. 
‘The ends of all girders ‘and abutting members we 


make contact. Stiffeners on gir wer 


tightly against the flanges. ‘This was 


sti iffeners | carrying concentrated Toads, and certain. cases 
the stiffeners did not quite touch they were ‘removed and new angles 
riveted on. of spliced web were planed and put in con- 


It was specified that st special dant, be given to the ‘cleaning and | 
"painting of the metal- work in the shop, ‘where one coat of ot was 


ed. The metal was cleaned of rust, ¢ dirt , and loose scale 
peinting, all surfaces of metal in contact were required to be 


"painted before being put Ina few instances. it was ‘necessary 
to. have finished work cut apart in n order - to do this painting. o> 
A large portion of the work was laid out direct, without the | use of 


"templates. Gauge punches used. almost: ly 


oy which duplicated severa 


d 1 15-ft 3 e 350 
practically all stringers, and so forth. Although: the columns 

are all of different Tengths, groups were made together requir 
the: details near the lower ends to be varied. 
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‘Careful inspection was m 


before Ic loading The result of this careful inspection was apparent 


On ull ‘records « of the progress of each piece were kept, and weekly 


very few errors found in the field 


reports \ were ‘made giving the status of work of all members and 
_pereentage of the estimated total completed. The weights w were all 


i calculated ‘iss the | drawings, and checked against the scale weights. 


ConstTRUCT ION OF SUBSTRUCTURE. 


Surveys and borings showed bed-rock to be about 50 ft. below the 


Be - ground surface across the entire valley except for a few hundred feet : 
ite: from each bluff, where it is very much lower. The material over overlying 

be d-rock was found to soft muck and running sand to clay, 

Because the uncertain bearing of this land, 
a to. 
fit. of “a possibility of : “scour, piles” were “used under 276 of the 326 
The first design contemplated the use throughout t of a patente 
where 
form of conerete pile, and the pedestals were “designed accordingly 
patented pile was to. have been built by driving ‘into ‘the 


a steel shell or mould having a removab vable le point, ¢ and o on reaching | the 


depth the shell w wes te be filled and | 
‘Pulled out as the concrete was tamped into place. Further considera- 


ig and 


tion and examination of ‘driven piles made it seem to be undesirable 
and use this patented ile in the wet soil to be 
es a “conerete e pile made engineers 
andon that typ pe of and led to the adoption ofa 
» wise OL b 
uilt-up drive number of ex e 
built-up driven: pil e. A numl perimental built- “up piles were were 
at once, and, after the feasibility of driving them was de 
ntilever 


columns 


The rate of shop t averaged about 900 } 
. The Kaw Bridge spans, com- 
: 
ed and shipped in five weeks. 
ll operations in the shop. Rivets 
-4 
— 
4 
im 
— 
i 
«al. 
= 
clay, and some on soft material. Thirteen pedestals near the east 
of the viaduct are under the buildings of a machine shop or under q 
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railroad tracks. “The material here ; is very sof 
an intensity on the ‘soil of 1 ton per sq. ft. was order to 


have the excavations shallow, the bases were reinforced. Plain” ‘steel 


, Reinforcing bars Batter 134 to aed 
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Near | the w western end of the viaduct thos pedestals rest on firm red 
clay, loading it to about 3 tons ms per sq. ft. The three Kaw River piers 
.4 are e founded on rock, two — sunk by the pneumatic pr process, ar , and one 
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"Piles. —The moulded ‘concrete piles are all one size, 30. ft. 
: 10 in. square at the lower, and 16 in. square at the upper end, with a 

diagonal 34 -in. cut off each corner. Each i is reinforced four §-in. 


surface as practicable, and surrounded by a cylinder | of heavy woven- | 
wire fencing intended to occupy a position about 14 in. from the sur- 
face of the concrete. In the later piles the wire was omitted a a 


The forms. or ny: for the piles we ‘were. simple boxes, with bottom, 
‘sides, aw and e nds of 2-in. a cross- braced. Lugs o on the cross- ee. 
which tightened and held ‘the parts 


to be knocked down for movir 
ing made form almost water- tight. Th 


he pile od into a round head to. facilitat 


ing, and er as pointed. The several parts, s, of 
course, were made interchangeable. ‘The interior surfaces were coated 


with | concreting. The piles were ‘moulded lying on the 


ground, in groups of from 8 to 16, in position convenient to their point 


provided that the piles be concrete 
: ‘composed of “ 1 part of Portland cement, 3 parts 0 of Kaw River sand, 


and 5 parts of clean hard broken stone to pass 4 a 1-in. iron 1 ring” 7. The 


used was Tola’ Portland, and cost, Kansas City, $1. 


dri 


sand of the ow River is clean, shan rp, an 


“city, and cost $1. 30 per cu. delivered, 


a a rainy season, it is impossible 


to pr event some ly from intermingling with the stone in ‘the: crusher 


Some ‘were re undertaken to determine whether 
amount of clay present had a 1 deleterious effect on the 


Test bars made of measured quantities of material, mixed in a uniform as 
were prepared with the stone ivered from bee 


— 

i 

— 

— 
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together yet readily per 

diagonal corner mo 

| 

q — 
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‘ 

_‘(~—SsS When these bars were tested and compared it was found in all cases jg (i 

clayey stone made stronger concrete than the 
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piles was ‘made by hand on tight mova able 
“platforms. The practice was to mix together ‘the stone, sand, and 
cement dry, and then add enough water to give a -Teasonably wet 
mixture. ~The material distributed by wheel- barrows, and dumped 


into prepared forms. After a 2- layer of concrete had been 
—_ in the form, the reinforeing of wire and rods, already pre prepared, 
was laid in position, the remainder of the « concrete was =" 
tamped to place, and smoothed on top to a reasons even 
‘icks were used to tamp through the m meshes 


of tl d 
the rods apart. The rods had a tendency to to bun 
required: constant care and 1 watchfulness to ) get them where th they be- 


longed. Several | methods were tried | to obtain the desired results 


but none was entively ~The conclusion is, however, that 


‘stiff i iron spacers, either as a ring or as an X, at intervals of about 3 ft. — 


Each’ pile was marked with the date made, and for several day 7S 
thereafter was showered copiously y with water. side and end forms 
were usually “removed in 48 hours, but the pile was not rolled its. 
Over- -anxiety to re- the base forms without delay caused the 


| of several piles, for the heavy green piles we were cracked by 


very ry small the ‘ground. Weather of course, 


the piles hardened, but they were 
e use, although some 


ma 


Each vile 1.4 eu. yd. 
of concrete The finished are in Fig. 1, ‘Plate Ur. 
merete. 


3 di For driving, or rather sinking , the piles, heavy turn- irn-table driv ers, 
equipped with a special 1 kind of follower, were used. This follower w was 
s of timber, about 12 ft. long, with guides to to fit the leads at its upper 
end and mid- -point, and with a | deep cylindrical collar at its lower end. 


standard -Ib. hammer rested | on n the and was fastened 


loosely to it. The ‘usual “pile Tine” ‘was carried down, ‘through a ‘steel 
sheave, then and made fast to the top of the leads. To this sheave 
was fastened a 10-ft. length of steel cable having its 
hile rs line” ’ attached to the sli p-loop of the noose 

ng ake a 2}-in. pipe 35 ft. Tong, with its lower 

1 down te completed the equipment. This jet pipe 


handled by a line to a spool of the engine, v with 
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lower end, a 
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water at a pressure of about 120 1b. throwgh a 3- in. standard fire-hose. 
To provide the \ wi wal for the jets, 


erected of ‘on Missouri River about mile from 
structure, anda pipe line, from 3 to 4 in. in 1 diameter, : was laid from it 
along ng the entire — 2, Plate III, shows the pile- -drivers a and | 
the special « arrangements of the followers. 


In general, pile es were driven before any excavating done, 


they were sO upper ends were from to 5 ‘ft. below 


the ground surface, in the 


After the driver had been set to the correct position by the adjustment . 
of the 1 rollers on which it stood, the hammer and follower were lifted | 


— to the > top of the leads. The jet was then played on the desired position — 
of the } pile, and, as the ground softened, it was gradually pushed ¢ down 
full length. In the meantime the slip- -noose cable was placed around 


ay se some 4 ft. from its u upper end and the pile was raised and sw ung 
ito the leads where it was straightened w up and the follower settled 


care fully on protruding head. By means of, the: sheave-line, the 


pile was” churned and down, the pile deine follower, 
resting all going up a down together, while the 


: jet was s kept i in constant service. I Teese a as much as 6 or 7 ft. were 


: made, without apparent injury to the pile, and the churning on ; 


continued. all the required depth was secured. By the ‘pull- -off” 


cable, the slip-noose was easily loosened and removed. me 


The effect of running the jet down first was to cause | pile 
‘keep its correct position, as it was found th that otherwise each pile had — 
a te ndeney to travel toward the a adjacent ones previously driven, where 
: the ground was still soft; and even then the pile tended to lean toward — 


the side where the jet was played hg It is believed that 
_ More accurate sinking could have been done ith a p 


side. The simple -noose for 


air of jets ,one on 
ose for handlir ng the piles was dev developed 


‘The time ‘consumed in the actual sinking of a pile varied somewhat. 


but, where no particular obstructions were encountered , from 2 to 5 


min. sufficed. Bowever, the highest record for one gang in 10 hours 


36 pil 
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Tt was that, owing ‘to. the delay ay in s 
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weather would probably set in and stop conereting ~~ all the con- 
-erete piles could be made, and it was necessary to devise a substitute 

$0 that the structure might be finished i in the time assigned. - Greosoted 
ae pine e piles were, with reluetancy, decided upon, a rush order was given 
a to. > pile contra tors and creosoting plants, and, by constant attention, 


piles were rapidly delivered. 


The specifications called for: 


“Piles cut from live, straight, long-leaf, yellow-t vine timber; be 
. ‘free from cracks or wind-shakes; to be so straight + as to be at no point — 


“more. one-third of their sectional diameter | out of a straight line 
- joining the centers of the ends; to be of even, ‘gradual taper from end 
to end; , and to be not less s than 10 in. _ in diameter at the small end.” 


creosoting provided, after the usual | require- 


> 


ments for dressing, peeling, and artificial sea seasoning, that: 


_ “After the seasoning is entirely finished, pure, unadulterated dead 


oil of coal- tar shall be injected into the timber so that - each cubic 
of be 12 db. of creosote waned ” 


‘The drivers were of the light timber framed type, 


_ braced | by guy lines to the top of the leads, which were | 60 f ft. high. 


Each Each was: ‘mounted on two wooden rollers, 1 ft. in diameter dak 20 ft. 


“long, resting: on ‘timber ‘sills, the ‘ground. ‘Lateral movement 
was enourea by sliding the driver along the rollers. - Th This roller arrange- a 
ment proved e004, permitting rapid moving” and setting. <drop- 


efficient af Water- “jets, arranged about as. previously described, 
used. _ The “efficiency of the jets was. demonstrated in several 


because 0 of a a break: down of the 1 pumps, attempts were 


injured and they had reached their full depth 


a portion | of the structure, 50-f ft. piles were ¢ driven, reaching 
 bed- rock ; on the remainder, 85- -ft. piles were used, resting, as do the 


To determine the bearing capacity of a concrete pile, a test. bel 
was placed on one of the first piles, sunk. The pile loaded was of 
standard size, was made on August 28th, driven on September 15h in 
25 min., and the loading was s begun on September 24th. To support 
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_ the load, a timber platform, 12 by 4 ft., was balanced on | 
resting on the pile head. Observations were made with a gi- 
“neer’s Ss level, reading on a scale fastened to a piece of 1- -in. ‘pipe eich 


ont into the pile a a few inches and projected above the platform 


without being in in conten with it. ‘The load was of pig iron, each pig 


weighing about 66 lb., and was ‘placed | by hand at an average rate te of 


. During the first 1 hours the load increased from 4 tons (the weight 


‘of the e platform) to » tons, with a very small ‘settlement. load 


pee 


constant, for the next hours, , and the ; pile settled 0.012 ft. Dur- 
the next. hours the load increased | from 19 to 35 tons, with an 
a dditional settlement of 0. 038 ft. After « an interval of rr hours, load- 
ing was resumed for . 4 hours and 40 min., with a settlement of 0.097 r i. 

uring the 17 hens and 40 min. this total load was kept on the i. a 


there e was a further settlement of of 0.062 ft. » In th the 44 hours of unload- 


vin 


ing, the | load on the pile was 5 reduced from | 43. 15 to 4 | 4 tons, and the a 


he 
pile rose 0.021 ‘ft. , leaving a net settlement of 0. 198 
ign 


as very much greater capacity had been claimed for the patented pile 

Moreover, the material varied so much from place to place | that this 


test was believed to be re representative of the entire structure, and 


some ready method for tests was desirable, ty was s clearly impracticable 


4 to load each 1 pile to determine its bearing capacity, and a as there is 


no way to estimate the capacity of piles sunk by jet, the following S 


Creosoted pine piles, ‘ft. long, wens furnished and called “test 


piles.” 7] In cases where, by reason of ‘special softness of the ground in 
diving adjacent pedestals, or from the da data of ‘the | borings, there 


‘uncertainty, ¢ one or ‘two of these “test piles” "were substituted for the 
- conerete pile - These were driven by using the drop- hammer in the Pos 
ordinary way, , without a Jet, and before any jetting had been doné 
in the immediate vicinity. Observations were > made of the drop of stat 
.* hammer and the penetration of the pile f from 25 to 30 ft. _ down, ~ om 


about the Position to be occupied by the concrete Piles, and the re- 
bearing capacity was s calculated by the v well- known formulas. 


4 
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the wok was by head nearly all 
instances where concrete and the shorter timber piles were used, » 
sheeting or bracing was needed, the ‘sandy, clayey material — 
; to depths: of 8 or 9 ft. . Fors ebout 80 pedestals, most of which required 
pits some 13 ft. deep in very boggy, , sticky ; ground, sheet- piles of 2-in. 
Saas were driven by hand around timber frames, and these frames 


- were dropped down to brace the p planks as as the excavation n proceeded. 
soon as the piles were sufficiently exposed they were off 


at - the required elevation. Before concreting they we were cleaned of mud 
filth by scraping a hoe having a curve ed blade. Where con 


SENS 


and the re reinforcing bars bent over. 


a | “number of pedestals, particularly those at the east end, under 


buildings and near tracks, required special attention in excavation 


__ erete piles were not. settled to full depth they were cut off with chisels, 


with ‘regard to bracing and shoring. g. One building, under which several 


were constructed, having been ‘through two fires and a a flood, was in a— 
a precarious condition, especially as i it rested soft material, 


ept in by porting it. ‘until 


as completed. or certain way tracks carrying a heavy 


sc traffic, it was necessa o drive temporary tre trestles to 
it the construction of adjacent nt pedestals, 
—— Forms.—In most cases no forms were used for the bases of pedestals. 4 
—_ pits being merely filled with, concrete to the required elevation. 
; e pedestal shafts are practically of uniform d mensions, and the 
par were devised for repeated use. . Each side was built as a single 
piece, of 1- - horizontal, ‘matched , dressed boards, with vertical pe 


of 6-in. square e timbers. _ The four sides were held together by three 
“square frames or 8-in. plank, bolted at each corner, 
idewise against the studs. Wedges were driven behind all posts: not 


caring. These shaft were 


J 
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and then -n nailed firmly to es side of the form and tacked ‘to the adja- 


cent side only, enough to keep the concrete from getting behind. No o 


particular harm was done to this corner mould pulling down: the 


form, The upper corners were shaped by sheet-it -iron or wooden mot moulds, 7 
or by the use of a curved trowel. . The latter, in the hands of a skilled ; 


excellent results, its use was deprecated because 
apparent desire to use unskilled labor. Two wooden templates for 


"supporting and belting in place the bolts, all” of which were 


‘Placed as the concreting proceeded, fastened to the form. 


The conerete was specified to ‘be mixed | by ow 


“dents to be measured loose ; and enough water to be used to form a 


; In addition the requirements for package delivery, ete., 
ie pecifications | for the cement were: To be so fine that 97% in weight = 
will pass a No. 74: sieve, and 90% pass a ‘No. 100 sieve; a to be of such | 4 


tensile strength tha that t briquettes of of neat cement t will show, for 1 1 day, from 


150 to 250 ‘Sd. in.; f for 28 days, from 400 to 600 Tb. ‘per sq. 
tos show no drop i in strength; ' be slow- -setting; preliminary s set in not 
less than 30 ) min., final s set in not lens than 3 hours; sto undergo boiling 


heavy 
les to 


_ Sand y was defined as ‘particles 0 of hard, clean stone which will pass — 


a. a ad-in. mesh sieve, and n not less than 50% | of which s shall be aed 

a | a No. 30 sieve.” _ Both 1 ‘the Kaw and Missouri Rivers have great sup- 

ation. plies of exe sand, that of the former being somewhat « cleaner, 

‘the both « | coming within the requirements; 

single “Sound, hard rock, free from all dust and dirt,” was: called for, but, 

posts as has been noted, the output of local crushers, more or less 3 

three “day, y Ww was used. It is difficult to state just how much clay was allowed 

earing to bei in the stone, as as a given “would ‘seem very muddy when wet, 4 

ats ‘not “yet ‘clean when dry. The ‘stone generally accepted there 

correct _ were no lumps of clay, or of clay and stone chips, even though many = 


the were muddy. Inspectors were stationed at the quarries 
a Roll : to exs examine the material « as loaded, yet, in spite of. all care, some stone 


secured ‘used which co contained small balls of 
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Special detailed specifications in regard to mixing concrete were 


distributed among the various sub-contractors, to uniformity of 


concrete was mixed 80 wet that no no real “tamping” could be 
done, but it was was deposited approximately i in layers of from 9 to 15 in., 
and “thoroughly ‘spaded” by thrusting a a spade to the full depth of the “| Be 
"blade at intervals over the entire area, special attention being gi 4 
to near the surfaces of piles ‘and forms, so that the m rtar 
- would have pariact, contact. It was in general handled from he mixers» 


wh wheel-barrows either on the ground or on elevated runs, as -eondi- 


tions required, and was senate n freely from n the tone: of the pits or vievans. 


4 or ‘other pedestals and for certain abutments, ‘slightly m ore equip- 


es. ment was s needed and derricks with boxes of simple well-known types 
used in handling materials. Anchor- ‘bolts were usually placed 


if after the lower half of the ‘shaft of the ‘pedestal had set, and they were 
carefully a¢ adjusted to position, The upper foot of each ¥ 


pedestal wa was of rich concrete made e with J oplin flint or r granite chips. 


One of the pedestals, with the form removed, is 3 shown in Fig. 1 , Plate 


The p pedestals we were finished from 3 to in. low, to allow for gro grout: 


| 


Various types of mechanical concrete mixers were used, both batch é 

continuous ‘machines. . The continuous mixers automatically meas: 
ured the sand, ‘stone, cement m means of ‘worms, and were mounted see 


so as to be “easily, portable. “Although considerable ‘pedestal: concrete, 


was made with these machines, the results * were not as satisfactory | as 


the 
“those produced by rotary batch mixers which mixed the concrete in 
‘revolving drums or boxes The output of the | continuous mixers was 2 
“not uniform, even ‘though they measured the materials “accurately, nel 


especially where the vicissitudes: the work ne necessitated | intermitten sho 


“regulated, and the minture was “homogeneous. “Moreover, 19 
‘tim, numerous the surface of the concrete from thor 


these clay balls were practically absent i in n the work the | batch mixers, 
- showing that the churning and tumbling had been ¢ sufficiently vigorous bers 
to pulverize and distribute all lumps of clay, with consequent harmless ro 
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elay, from 4 to in. diameter, embedded in the concrete, the results, cour 
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ness; while the mixing of the continuous machines had not been suffi- 

ciently vigorous and therefore was inferior, 


Certain pe lesta dite cbutineniten, and retaining walls had special forms, 


made of 2 2 by 61 in. matched, ‘dressed flooring, laid on vertical studs 


Vertical cleavage planes were re made in abutments and retaining 
walls, separating those aaa of the wall having different load inten- 
7 sities on the foundation, A cross- partition was built in the form, and 


the concrete was finished against it. Before building the adjoining p part 
the wall, the pa partition was removed, and tar roofing paper was nailed 
securely to the exposed surface, thus effectually cohesion of 
‘Ka of the Kaw River Bridge are of 
concrete, of the ‘same “and proportions as used for th the 


‘The west shore pier rests on a ledge of rock about at low-water fs 


level, that the construction was very simple, and ‘te. work was 

1 batch in the dry. Light sheet- piling g was driven around the pit, which was art) 

y meas: by hand. Hand- “pumps were sufficient to take away the 

Lounted 2 seepage water, and the bed- rock was easily. exposed, ‘80 that its. surface 

oncrete could be cleaned, washed and prepared for the conerete. The base of 

story the pier was: built. up nearly to the ground surface. 

crete in other two piers also” rest on bed-rock, both were sunk by 

cers was “using pneumatic caissons. The caissons were similar; that of the chan- 

curately: nel pier built on shore and floated to place, a and that of the eas 

rmitten' pier was b built in 


ot easily ‘The caissons were of timber and had st steel | cutting edges. Timbers, — ae 
, after a in. square, of Oregon fir. and Southern pine were us used ; and ‘were 
ete from thoroughly bolted and drifted together. The walls of the chamber were 


1 balls of a ft. thick, and the roof v was 6 ft. thick. Eve ery other stick of the upper a : 


‘results, course of roof timbers was omitted, to give bond for the concrete. & 

coved that a. The outer timbers were vertical, and each v was fastened by at least — 


mixers two bolts extending into the chamber, besides drifts. ‘Horizontal 


vigorous 


bere were the eo corners, log house fashion, thus exten- 
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beveled for caulking, fastened with boat spikes driven through 
- bored holes, | Every | bolt, and the e shank of of every spike and nail project: t- 


ing into 10 the ch chamber was ‘carefully. wrapped lw ith oakum before being 
"driven entirely home or finally tightened up. On ‘the outside all bolt 


heads were countersunk, thus leaving, a smooth ‘surface. ‘Two cross- 


bracing trusses, with adjustable. tie- rods, stiffened the walls of “the 


cchamber, 


Pay 


A false bottom was put in the ¢ caisson for the channel pier, in ie 


float > position; a and, for this pier, a a light, tramw way, on | two pile 


os site for | conveying ng materials. Concrete was aes on shore and eet 
out on push-cars in skip boxes. A. derrick barge handled the Sati 


the timbers for the crib. = 


a: The crib, abov e the | caisson proper, was of one thickness of 12-in. 


“timbers sheeted ‘outside with 2- -in. plank nailed 0 on vertically. 


‘The usual man ay material shafts, with mes pipes, blow- out pipes, : 
 ete., were installed. ' The locks were very simple, being made by 
merely putting cast-iron diaphrams with drop- doors at each end of a 
section of ordinary shaft. _ The one objection to locks of this. kind is 


the : necessity of an inside lock tender, and this is not er entirely a fault, . 


_ as men are much less likely to be “pl ugged” by a lock tender with them 
in the lock than by ‘a man outside who operates without | definite knowl- : 


edge o conditions ir inside. 


sand, occasional deposits of silt, 
of the material was blown out 
eat 0 were found in the river ded, 


he metal, notably some street car rails and 


4 “some parts: of was carried down and in te 


Considerable blasting” was necessary to prepare the bed-rock fot 
piers. A ditch 3 ft. wide was blasted out around the entire perimeter 
of the cutting edge, sO ‘that. the concrete. is at no place less than 25 5 ft. 


7 below the bed- rock surface, The middle | portion of the ‘rock | was not 


-Femoved , but was washed clean, as as also was the entire. inside of the 


Conerete for filling ¢ the chamber wa of standard proportions, 


Tt was placed in the dry, and carefully tamped to le 
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nd pebbles car 


grout auiekly poured from above until it was some feet 


«thei lower ends. Ordinary conerete was: deposited to fill them, 
Coffer- dams w were not cused, ‘the were built up 


ect the last" 16 ‘ft. of sinking for ( Caisson No. 2 
“the sh aft moved out of of position only 3 rH in, at at each h end, and ‘that in * 


= The , sinking of Caisson No. 1 was complicated by lines presence | of a 
g : 30-in. high- service water main lying so close to the pier site that the 
caisson had | to be rotated to clear it. Pile bents were driven under the 
pipe ora support, but these went down, and a sling was put around it 


passed up over an A- frame toa distant anchorage. All a attempts 
to rotate. this caisson to its correct position after it was below the 


These caissons were — in construction; they 1 were well lighted 


by elec ctricity, and constant and adequate air pressure was 5 meinteined. 7 
Natural gas was available for fuel. 
3 For Pier 3 the shaft form was of 2 by | 6-in. matched dressed floor 


“ing, which ‘was placed horizontally on the sides of the pier ona fastened — 


to vertical studs, but on the curved ends it was placed ao: 


drawn into position by, -in. round i iron hoops. These hoops were passed 


B through holes i in the vertical studs ¢ at tangential ‘points and drawn tight 


nuts threaded on their ends. Interior circular templates were 


near the bottom a and at the top of p of each 10-ft. ‘section 1 of the « end staves = 
to hold them to position, but were were “removed as. the c conerete was bi 


built 
Up. Ties of heavy malleable w wire were ‘put across between pe — 


Bstuas, and twisted tight to bring the sides to. ‘proper r place. These ties 
vere placed with such frequency | as to hamper the placing of concrete, 


4 Dut ‘eould not be dispensed with. ‘The building of a 10- ft. section 


om and 0 of filling it with ‘conerete alternated, 80 ‘that the 


mtripped as it was up ‘above. Forms « of this. kind are not 


jnsidered entirely satisfactory , being easily beni and distorted, and 
bften delaying the concreting for readjustment. 


107 — 
q iall down 
eing mixed in. When the remaining space had been reduced to such 
— mall dimensions that the men could no longer work, the air was cut _ — 
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The Sinn for the other two piers were sie of the same planking, 


in 8-ft. lengths, but this w was placed vertically all around the pier. 


4 at Rigid frames, 4 in, 4 in. thick, with curved ends 3 of built-u “up plank nailed and 
bolted together, “were spaced 4 ft. apart, and supported the sheeting. 


io. Fin ive }4-in. tie-rods held the sides of the frame together, and cross- brac- 
; th ing g at each end and on each side provided against lateral a 


re fhe lower edges of the copings were formed to the requ 


by sheet-iron corner moulds, and th upper edges: by tl the 


TAZ 


the concrete had d 
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ring included weaned pier location, inspection, and 


the viaduct was ‘somewhat by property 


ati b t 
boundary lines. The structure unt in three t tangents, aggregat ‘ing abou 


6900 ft., and three curves, each of about 900 and 


1 500 ft. in length. 

xact surveys” and final measurements were to 

crossings, railways, buildings, ete., before much was done on 
drawings. Base Hines, paralleling the chosen center line 


= were carefully 1 ‘marked ¢ on. the ground, and the angles at their 


intersections determined. ed. Points « on base Fines, about 400 ft. 9 apart, 


were marked by large wooden, hubs driven down flush, e* In the boggy, 


~— quaky ; ground these were 4 by 6 in. and from 3 to 5 ft. long, but in the 


firmer: ground not large. A piece of sheet copper was on 


: - top of each hub, , and the exact t point was indicated by ‘the intersection 
two scribed lines. Each main hu ib was carefully referenced by 
4 marking two intersecting lines. ct dis tances: ces” from to 
determined either by direct measur nt or r by triangulation. 


About one- third of the entire length 


‘triangles, ‘suitable base line 


en necessary a narrow ditch was dug to contain ‘the stakes, it 


— 
— 
4 
finish by floating wi his 
The field engine 
id 
. 
= 
well d 
was triangulated. For te ts 
re made a 
follows: Between two ‘main hubs, 2 marking stakes were 
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cing desired to onppest the tape o1 on them and nc not on the ground. 

— ft. steel tape, which had been “compared with a standard to 

‘determine was used. The required ‘tension was 

with a spring balance, and the | distance was marked by thr ust into 


ing 
a marking stake knife blade with its sharp edge at the d esired 


raduation. ‘The knife was left there and measured from in cing 


or 
er 
a 


: ) second knife ahead, and so on until the ‘second main hub v was reached, 


and there | the e tape was read to an approximate thousandth. Thus any 
— of repetitional measurements could be made without the con- 
fusion resulting from making each intermediate point with a non- 
ot erasable mark. About six measurements were made for each hub dis- 
tance. _ ‘The extremes - varied from the mean about 1 in 80000. ‘The 
_ base line” at the Kaw ‘River was conveniently measured on the deck 


an adjacent railway bridge, and the he triangulation points, there 


The of angles was was done by a method of repetitions 
7 ~ and reverses which eliminated instrumental errors: in the mean of each 

series of | readings. Enough readings” were taken at each point» 
the triangles close within 1. 5”. The largest 


a 2 


treet 
ce was and determined by two triangle systems, 80 
“line | that the “independent calculated lengths checked within . in, 
their iframes in in ne ion of the two end points was 65 ft. Ai 
apart After all distances been determined, the ‘station “plus 
each | hub was calculated locations for the pedestals were 
* 7 F or the location of river piers, the t true angular distance from each 
base line was | calculated, and temporary fore- sight was “established 
by a single cat carefully- angle whick was ‘then measured exactly. 


The 
istance of the temporary fore- “sight from the true line was 


caleulated, and the ‘point in the hub was then moved the necessary 


lation. 


distance @ to 1 in. When th the two refererice lines: and the bridge 

tengent were projected to the p piers: they intersected within a ie in. 

ae ae For pedestals, a and for 5 piers where possible, reference lines at right 
i a angles to the tangent were marked by several hubs well | driven down. | 

3 The Io longitudinal center lines of each row pedestals were also suitably 


at intervals. Elevations the « entire line were re determined, 
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The inspection of « embraced e every "detail , 
records of 1 the progress of each kind work were prepared. 


a man process of ‘There was: an 


noted 


4.— ERECTION oF 


Erection — 


track r: rails laid on the Jongitudinal girders, the masts s thus nae 33 ft. 
center to center. The details of this traveler are clearly seen on 


‘Fig. 2 Plate IV. | The masts sts were double, 0 one stiff and one seated 
= turn. Each was a 14-in. ‘square timber 40 ft. high, and the booms 


were built up tup of spliced timbers to 14 2 26 in., and of ft. long. sills 
and steel derrick ‘fittings were used throughout. ipm ment 
3 sisted of two > nme, 4+ spool hoisting engines of | 20 h. p., each ha: 
In the ordinary structure 


in weight up to tons, which one | boom oom could easi 


A service track was laid nearly the entire 
length’ of the viaduct, and the steel was unloaded alongside. 
a _ intention 1 was to distribute immediately every piece to its proper Toca 
tion, but, owing to the operations. sof the substructure contractor, this 
could not be done, and it was necessary to store and redistribute them. 
The ‘Tighter ‘metal was unloaded b a locomotive crane, the larger” 


by yard derricks, by Se upon cribs. 
am It thus followed oe a ‘considerable p part was erected from om metal 
arge part directly from the cars as 


run down There was little difference in ‘the: 
rate of erection in the two. eases, the former being retarded by the 


“4 necessity of ee superposed pieces une hitching to material some 
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About 88% of the total length of the viaduct is 
li anels, and, in all details of construction, 
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what indiscriminately piled, of of the turbulent 
ie, ‘operation | of serv ice ‘cars ov er the temporary tracks. ‘Fig. 2, Plate Iv. 
7 The pedestals were finished } to ? in. low, and four 2 2 by 4-in. vai” 
“shims of suitable thickness were used to bring e ach column to ‘the 


desired elevation. . Thea anchor-bolts ; had been located so accurately 


that they sufficed to line up the columns, additional marks being 


_ The usual order of erection per per panel wa: was as follows: tw wo columns _ 
were set up at once, one e by each boom, ‘and braced up | by the ‘anchér- 

bolts; the connecting floor-beam was placed on ‘its shelf-angles, and 
were put in one-third of the open holes. The cantilevers 

put up and belted, after which the ‘main girders were raised 

both used for the heavi ler stringers 


the trav veler was 
immediately n 


columns. The maximum 1 day’s run w six ‘panels, about 275 tons. > 
The light material in the deck was put in place in conjunction 7 
“with the riveting, the stringers by using timber dollies, the bracing, 
on a push- -car ‘running on the flanges of two: adjacent stringers. 


_ However, as the traveler proceeded, it placed all sway bracing, tower 


Certain: long and heavy y girders 1 required s some variation from the 


usual order of handling. Where the columns | ahead were beyond 
reach of the booms: they w ere raised by 8 ‘a gin-p pole ora a gallows- -frame, 
B which then served to lift one end of the girder, the other | end being 
lifted by in the structure (107 ft.), 


ag 


r, the gallows-frame 


sisting a a pair in. , square timbers, "thigh, connected with 
bracing and caps, “equipped with 4-sheave steel” blocks: reeved 
‘steel cable. Fig. 1, Plate VII. II. 
Because of buildings ‘railway tracks under the eastern seven 
panels, the girders could not be handled ‘from, below, but it 
necessary to run the traveler back, free ‘of obstructions, pick | up a 
girder, set it transversely on the traveler track, move it forward by 
picking up, booming out, and shifting the traveler, and finally to 
Bewing it around longitudinally to its final p position. columns 


the peed dropped down through holes eut in the roof, w: with 
to the occupants, who, howeve er, did not : object to stepping 7 
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for a few “mninutes while was ated 


above their office ‘rooms. The girders ‘immediately adjacent Bluft” 
‘treet extend through slots. or pockets cut in the retaining wall which 


upports the street , and rest on pedestals 15. ft. back of, and thus 


entirely independent of, the wall. The tracks below ‘these girders 
carry all. ‘the passenger traffic into the Union Depot, t i therefore unusual 
caution was necessary in erection to guard against possible interruption 


= rection of Truss ‘Bridges.—The falsework consisted of 7-pile bents 
| eve every 30 ft. under the panel points, and 5- pile bents midway between, 
the piles being well riven into the river bed. Four 16- in. 
were re placed under each truss, and a traveler track was sup- 
ported on n two runs of 12 by 12-in. timbers. This traveler was com- 


ae posed of two derricks rigged together, and running on a track between — 


the trusses in the plane of the bottom chords. Beside the traveler, also. 


the a -gauge tr track laid for moving out 


“After fastening non the fixed shoes, the bottom “chords were laid 
blocking for the full length of the span. Beginning 
one end, the web members, chords, floor- beams, and laterals 


“ _ ‘The parts of these trusses are heavy, and the connection plates large 
stiff, so that ‘fitting together "various members was tedious. 


work. A clearance of 7, ds in. was provided, but, in a member 22 i in. wide, 


of four i- in. angles an in. to 
m 5 to 6 ft. into a second member equally. _ stiff, slight irregularities 
ak cause binding. ¢ every diagonal chord section 


hed ‘to be pulled to place with a 


It was ‘apparently ‘impossible | ‘the field riveting before the 
q the > expected washout of the ework, and, i in 


the spans ‘in that” contingency, ‘drift-pins_ _were ‘tightly ‘driven 
into one- third of ‘the open | holes, and fitting- “up bolts ‘into one- third of 
——— open holes of all main conneetions. Fortunately, i it was not neces- 


‘sary to trust to this expedient, as the expected high water did not come. 


es and a -<8-in. plate, which had to be ente red 


aon ia It is evident: the spans would not heve fallen, but experience showed | 


that there would have been a slight me movement at each point, which, in 


| ‘trusses to correct the camber which was 
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riveting, the falsework settled. at points, 


e only panes was a pushing down of the piles under the wedges. - 
camber of about -one- -half as much as estimated was finally 


ead load an and ‘such live . load as has 


n on “ spans, the bottom chords are just about | straight. The 


‘Serious | consequence of this ‘settlement, however, was in the ‘tightening: 


the drift -pins. These were m not taken | out until the rivets had been 
Z driven in all the adjacent holes, an and then it was found tl there hed been 


energy and effort ‘of these p pins | had been driven 

i toward the inside, and the cramped quarters’ prevented efficient striking © 
to back them out. Many had to be drilled out, and, as they were of 
hard steel, it was dificult to keep the drill point on the and 


The ‘ewer chord ‘splices were riveted first, and then 


— the ends of the diagonals; but the upper chord splices. ond the intersec- 


a 
tion points of the diagonals were not reamed or riveted until the span 


had The sim swung. 


smaller than for the Kaw speme, their r erection was quite 


Riveting. — —The contractor sought and received permission 1 to ream 


field hoes in the field, thus making it unnecescary 1 to assemble 


ie ngs, ity was desirable to keep dan: separated, a very large amount pe 


"scaffolding and retained for some time, 


ause of since, for the unrestricted movement of 


simple 


first: thoroughly fitted up, and bolts: were put in in 


half of the holes; the other holes were ‘then ‘reamed, t the bol bolts were 
shifted to the reamed holes, and ‘the reaming was completed. 


Each joint was thus fitted twice before the rivets were ‘driven, 


trials of r reaming and then riveting half : a joint, and then reaming and 
riveting the remaining half ‘resulted i in the interference of the various 

ngs, 3, and better p progress was made by the procedure given. > 
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‘Neglect i in fitting up caused the majority of cut-out riveim, foe if 
the plates” were not ‘drawn n tightly together small particles 
4 drillings would work Jin between them and nd cause successl 
loosen those previously driven. Natural « nditions were seized upon 
ge assist this work; 1 for instance, the expansion joints were regularly 


rammed full of ‘steel wedges, thus gaining the thrust of expansion — 


the length of Water, w with | a little as a a lubri- 


cant, was as kept constantly flowing n the bits. A knuckle- -joint was 


tried: for points \ where the 1 reamer r could not be held normal to the metal, — 
but g gave ‘indifferent results; 80, when n unavoidable, holes were reamed 

a slight bevel, but they were “required to be perpendicular to the 
direction of stress. There» was some trouble in making all holes of the — 

game diameter, for the reamers had to be held very steady to accom- 
ordinary run for one men was 200 te 250 


in, in erip, or equivalent, in 8 


Pressure of ‘10 Ib. were e used throughout. Grip dollies were required 


whereve rer they eo could be utilized, and hand- ne ised a 


there: were ‘mar e e rivets in expansion "pockets 


quired specia , crooked- dollies, in n order to pass ‘around the 


vend stiffeners and rest | on . the next adjacent stiffener. a 


bracing of the motorway was “connected by #-in. 


-rvets driven | by I hand without reaming—in fact, it was hein: that the 


-_tug- angles )on the beams were set so high that the rivets were under 7 


hus precluding the: use of. an air hammer. Vv ery fair 


results 1 were achieved, would have been mu much better to nad 
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was for labor and 2 ‘cents plant a and tools; driving cost 83 cents | 


ete 
rivet, 8 cents labor, and cent for plant and ‘tools. ‘Tt is ag 

- possible that that too much of tl the plant cost is charged to reaming an and oa 4g 


little t ti . There were re orted cut-outs of 3 » bu ut « parently 
little to r rive ting. _ There were reported ¢ uts o! 3%: ‘but apparen 


all the rivets were not accounted for, and 5% would be nearer the true 


> 


res Grouting Columns. —The space below each column base’: was filled 


grout. cement mortar of. vordinary. consistency was 1s first p pre- 


"pared and a little daubed under the edges oft the base plate around its 
entire perimeter a and: finished off neatly. After. a a day time there would 3 
remain a tight dam all around, p pierced, however, by a small hole on 

side. The nuts and washers on on the anchor- bolts ween temporarily 


2 Gro ut, diluted toa a pouring thickness, was made in the 
7 portion ‘of about 1 of cement to 3 of fine sand containing a little clay. 
Several bucketfuls of the mixture were poured, as icky as 


“a gir holes,” ‘Genin wie were promptly up. Mortar: tar wi as 


added to fill: entirely the side pocket’; the foot of each column was” 


4 filled wi with concrete finished off with mortar. 


‘This method was highly ‘satisfactory, as it gave a full'and even | 
"bearing under the entire surface of he base plate, a as was proven by 


up columns which had: been grouted. 
large solid castings, as under the Kaw spans, grout could not 


used. The bases were set on steel shims: about, in.. -above the 

_A stop was put at one side, and small quantities of almost 

dry 1:1 mortar of cement and sand were ‘put under the opposite side, 


pushed. clear. across, and rammed with | a piece of. in. plate. The, 


entire ‘space “was filled from one thus ‘the aged of 


Had through the ¢: ca asting provided; the former 
could have been used with | superior or dispatch and ease. 


Pat nting ——The steel . | received one coat of paint in the shops, 


: 


good even coating ng when unloaded at the’ site. As it was 
all abutting» parts and surfaces inaccessible a after 
e coated with a heavy paint coment rey, on in generous me asure. 


a 
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the completion of the of a ‘section of the 


all areas where the shop coat was seraped off or unduly marred were 
touched up with paint. Reaming borings : added considerably to the 
ordinary work of cleaning. _ When these spots had dried, the first field 
coat (of green paint) was applied. ‘The paint was delivered ready 


“mixed, ‘and was of ‘rather. stiff consistency, requiring, for proper appl ica- 
tion, small amounts thoroughly rc rabbed on on by the vigorous use of as stiff: 
= bristle brush held almost normal to the surface. 
When this coat had dried, requiring a varying time, but determined ; 


when it it became impossible to “rub- off? the dried surface skin | and 


expose wet paint | below, the final coat was put on. same care 


was used in application. and the entire structure was. finished up 


progressively. 


inspectors -examined head and remained 


f all she adowed areas, thus ex xposing neglected patches" almost impossi- 


ble to loe locate by any other means. In many places, hapa as, instanec ee, 
de a column, it is much nt 
ina mirror than to attemp t to dir 
ve 'o painting was done i in wet, or wet and freezin 7 
work never stopped | because of low temper 
-” to be cated was dry and free from sleet or ice. - 
4 5.—Viapucr Fioors. 
de. general details: of | the reinforced concrete fl loor are shown on 
The 3. The average slab_ thickness is 6 in. above the stringers, 
stringers being entirely ‘encased, both to ‘protect them a from the sr smoke 
_ of locomotives below and to secure ‘the added strength | of the 4 filled 
raunches, The amount of reinforcement i is considerably in excess of 
actual load requirements, in order to provide for the temperature 
stresses of the concrete. it consists. of transverse and longitudinal 
sit was | ars, near both the bese and lower surfaces of the slab, of extra aie. i 
‘erection over the cross- ‘beams, of numerous vertical bars in the curbs. and 


wire netting around each beam stringer. er. To ‘support the hand-rail 


ante. 
measure. 
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bolts Project through the s sides, the the lower bolts s passing through 


In order that paving continued without 


ruption over the points of expansion, a flexible connection was de- 
vised consisting of © ‘U-shaped plates bolted side by side. Thus a sort 
of bellows trongh is formed, about 6 in. high and 2 ft. wide. . One su uch 


ss the roadway at each expansion joint of 
stringers, and i is to each stringer on both sides of the opening, 


plates are thin, enough to to ‘spring easily under the of t the 
“steel. conerete is is s finished up te each side of the | bellows and 


- fastened t to it it by be bolts. These troughs were to be filled with a: ether 


: ‘soft asphaltic material , the flow of which would accommodate ” to = 


-yarying position of the containing plates. 


The ) speci cifications provide fc for -conerete ma made 0 of cement to sup- 
= by y the company; ¢ of clean, n, hard, broken s stone “free from all dust, 


dirt, shale, ro rotten stone, or or other. objectionable material”, to pass al- in, 


‘ae and of Kaw River sand i in the proportions 1: 3:5 by volume, loose. 
To provide a bond for the contemplated wearing surface of asphaltum > 
— (which was to be laid without the usual binder course) it was required 
clean ‘Stones be on the surface of the concrete, an 


be be tamped into. enough to embed them partially, them to 
littl 
a a litt little. Other principal “specifications were: the ‘entire 


4 thickness of the floor was to be “deposited i in one continuous operation 


so as to avoid laminations or dry horizontal planes between consecutive 
- layers; that all surfaces were to be finished neatly to the exact required 


2 dimensions; that all: bolts: and embedded castings were to be set to 


exact position; that reinforcing bars were to be spaced accurately; 


and, finally, that the e contractor was to clean all stains and concrete 


~The motorway at the of the roadway were used as 


e uipmen nt. standard- -gauge xe track 

aid on these string r som me distance, to accommodate the 
placed on several railway flat « cars. This 

ed elevate hoppers, connected by a ce 

carrying a conveyor bucket , and a a belt conveyor for handling fini 


rial, and similar appliances. was ‘consumed il the 
halal : of equipment which was soon found to be unsuitable. 


The company’s engineers then designed a new and simple plant, the 
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ration 
cutive 
juired 
to 
set 
ately; 
d as 
track 
ate the 
Anis 


3 4 
uitable. 


the 


oose. Fig. 1.—ARRANGEMENT OF CONCRETE PLANT FOR ag 
il 
— 


quick! 


al 
se 


abo one was of the plants” were 


. quickly built a and put t into successful operation. Bef: 
The plant i is s shown in Fig. Plate ‘VIII; it merely ofa 


platform of timbers, mounted o on 1 wheels yun on the motorway 
_ stringers, supporting mixer, a a derrick, and an engine. The derrick 


raised the -ageregates from below with a skip box, | and a metal-lined 


chute extending over the roadway received the concrete the 
mixer, The total cost of one plant, ‘including all fittings paar the — 


mixer and the engine, was $700. 


upa a considerable ble part of of the floor conerete co cont, special 


~The first furnished all-metal forms, made of corrugated 


sheets pressed to shape and covered with light sheet iron. They were 
made i in sections 5 ft . wide and about 5 ft. . long, the Tongitudinal j june- = itd 


tion of various ‘sections being immediately under the stringers. . Along re 
each of these lower edges there was fastened a small angle having : 
holes in its: vertical leg. > Keys were provided to pass through these 
slots to fasten adjoining forms together laterally. Provision was made Bas 


for the forms to lap about 1 in. longitudinally, but there was no no way a 


é 


of of fastening them together. To support these forms, three joists: 


laid thereon were soon evident. The 
had almost no lateral stiffness, each a having an individual shape. on 2 


At best, the surface presented was not true; the ‘correct distance 
not left. on each side of and below the I. x -beams ; there were ‘openings 


and | cracks at the transverse joints, as these could not be made ¢ to — as a S 
intended; many pieces had to be wy during adjustment; and, also, — 
the forms were easily displaced by the ordinary walking ‘about and 


7 Owing to the e non~ delivery of the metal forms, the contractor had 
iready begun to build wooden forms of much. the same type, that is, of 


« 
to "meet under the e stringers: and of such length “that three 


were p put between adjacent cross- -girders. They were built of 1 by 4-1 in. 


frames spaced 18 in. from center to -eenter, sheeted v with 4-in. boards, 
and covered: with No. 14 sheet iron. . These forms were hung on on the 
stringers with two }-in. . round, soft iron rods on each side, After ad- i 
iusting the form to position, the hangers were bent the uppe 
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1 20 THE SIXTH STREET “KANSAS Papers. 
flanges of the -beams. remove the forms, the hanger rods» 
cut with heavy clippers: close to the sheeting. ‘These wooden forms 


were light and stiff, but they, too, showed objectionable defects. ‘There - 
were no means of really fastening the various units i, and there 


were presented, not only the transverse cracks of the metal forms but 


also a a longitudinal crack ‘under each stringer, and these lat latter were a 


inaccessible for inspection. or adjustment. Nothing was found 


prevent water ¢ cement from leaking out. 


; The e company’s s engineers then then designed a form, ‘ail om use of the 


‘others was discontinued as soon as as ‘they. could be — finally 
acceptable fom consisted of tw 70 parts: U-shaped troughs which were 
; placed under the stringers ; and covers. which extended from trough to 
trough between stringers. _ They were of wood, 4 by 4-j -in. |. frames, with | 


—4-in. or 2-in. . sheeting, and covered with No. 16 or No. 18 sheet iron. 

_ The troughs were 13 ft. 10 in. long, or just enough to go easily be- 


tween the c1 cross- s-beams; the covers were of various ‘convenient lengths, 


- from 4 to 6 ft.; ¢ and the ov outside curb faces w e 18 ft. long. = To sup- 


port the troughs, round iron hangers a oop-shaped 
piece | being put ar ound the 2 by 4-1 in. si bottom, 
leg being bent over the upper Sei: of ‘ee -beam 1. Four or or five ties 
were used for il section. . To hold this trough i in correct position mit 
prevent 1 rotation, briquette spacers were used. These were to fit 


the lower curve of the form, and hel a adie on each side at the top 


to fit ‘the lower flange | of the I-beam. 


A nest of wooden moulds was, provided, an 


em were made in a 


ened. One “briquette at end of each trough ood 


closing it against leakage) and one “under eac each hanger. the 
hangers had been drawn reasonably tight and bent over, the trough 
was so rigid that a man could walk along a one edge. 


The cover forms, ‘it was found, could be handled a lap. at 


a n 


end, and, when tl troughs were in position, could be “rapidly laid, 


we 


a continuous unbroken surface The he small remaining ver 


tical hole (8 3 12 in.) at each was as covered with a piece of 


a No. 8 sheet iron. The forms for the omside faces 0 of the curbs were 


made of t ‘in. plank. These were § stood ‘on the already. erected curb 

trough, tor > position, and lightly. A horizontal hanger 
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correctly- shaped surfaces, with very few chances eakage. 
were wad altered to meet conditions, and stood rough treat- 


dev eloped by a a prior use se of w rooden ‘blocks, which gay give ave trouble 


ng out the conerete as they were removed with the form. The 
1t briquettes remained ‘tightly in place, an and panel after panel of 


built without a glace to touch up | below the beams. 
— 


ost of building 600 lin. ft. of these forms for the 3 0-ft. roadway 7 


L umber 


Sheet iron 


‘Nails and sundries. . 


“The fi first cost was $6 per din, ft, or r $0.2 20 per sq. ft. between 


orms used five oun cents per sa. ft, or $1. 30: per cu. yd. 


of these forms were used oftener ‘than five times. The fact that they 


Were built in great haste doubtless in increased their cost somewhat. 


Placing Conerete—Owing to difficulty in scouring 


-in, stor 
su 


Tie sand, ‘there are patois to it. A fow moments | after it had d been 


deposited quite wet, the water appeared to drain ay away, le leaving the 

upper stones clean and dry, without any mortar coating whatsoever, and : 
the entire mass appeared to be inert and § dead”. ‘This appearance was 

evident « ‘even oad concrete was still green enough to be dug 


through 


on 


mixtures were tried, to | see > if the concrete could be made to remain 
for time, but it could not be done. Yet experiments on the 
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through slabs set showed the to to be very y hard. 

half the floor conerete was made of this flint, and the remainder of 

All concrete materials were delivered on on the ground under the via- | | 


‘duet. a Skip boxes were filled with a a batch of correctly eet |. 


aggregates and raised to the ‘mixer above. The conerete was dumped 
into : a trough and slid down to be distributed over the floor. To ex- 
-pedite the filling of the small space below the I-beams, cement mortar 


was used to a height of about 2 in. _ above the lower flanges. es 
5 The e reinforcing | bars were spaced and held in position as follows: 


‘Round -in. iron rods were laid longitudinally on the forms, about ft 
apart, and on ‘aunt the lower transverse bars were placed. ‘The lower 


longitudinal bars: were then laid in ‘position and fastened at numerous 
intersections ai: wire ties. ‘Whew some 3 in. of conerete had been spread, 


8 rope was fastened to ‘the ends ‘of the 2- in. rods and a strong = mt 


slipped t them out longitudinally from the finished Ww work. AN very minute a 4 


Combined supports for ‘the upper bars s and 1 guides for finishing t 


tgs er surface. consisted of 2- in. joists. having ‘small angles fastened on 


‘ each | side and a series of hooks in the lower edge. They were placed 
“longitudinally with structure cand 10° ft. apart, a and held» on 


small blocks resting on the stringers. ‘The: hooks supported the trans: 


the desired surface shape to the 


: upper | ars in correct posi tion. A gauge, s iding along the a angles, 


The concrete was first tamped with a large’ flat tool and, after 
hardening somewhat, was re retamped ¥ with a corrugated tool. The latter 
was made of wood with parallel cleats, rs in. wide, 14 in. deep, spaced 
in. apart. The cleats were sharpened slightly. With reper 
lation “this produced light, corrugations, in varying directions, , of 


to in. variation, thus ‘giving a satisfactory bond for the 
Scattering loose stone and tamping it. in was tried bu ut the former 
satisfaction 


-roughening was superior. Neither method gave entire 
where flint was used. 


~The plants were moved forward as. each section of about 15 ft. of 


roadway ‘was completed. On an an average, the ove plants: placed from 
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300 to beng Tin. * per da day; the the best day’ Ss run for one | one gang | was 98 — 


The finished to the edges, and the curbs” were 


later, in the usual way. ‘Bars projected upward into- curb every 
12 in. and bound it to the body of the work. 

‘With all types 0 of forms, and to a pronounced degree with the first | i 


designs, there ere was considerable leakage fi from the wet concrete, This 


deposit on th ‘the ‘metal v where it. ‘and in certain cases 


down on ‘the. ground under the ‘structure. i Probably. the actual loss of of 


cement was small, but although it was easy to know | how much cement = 
went into each yard, or each day’ s run, no scheme was discovered to : 


ascertain how much actually remained in . the concrete. This 

was not cleaned from the metal promptly, and the cleansing later” 


proved troublesome. ~The plan was” s to wash the metal with a a strong” 


of water r immediately after the. concrete was Placed and until it 


-eeased to drip. ‘Adequate pumps and lines were 1 not installed to do 


this, wil 1 finally much cleaning ned to 7 done with wire brushes and 2 
floor was built i in 67 working days, during which 


there was some freezing weather. ‘The provided for heating 
any or all concrete materials, bt but none was heated othe: than some sand 


and this merely to thaw frozen Jumps. However, wagon sheets 1 were 
over the green concrete each night, and, 1, when weather 
was, expected, these were covered with stable s1 sweepings. No bad 
were. e found on the floor proper, but some portions of 


“ing we were frozen and had to be torn out and replaced. 4 Some c of the « a" 


erete was laid when ‘the temperature was: 31°, ar and the following days 


Were ¢ about the | same, yet in 10 days’ time asphalt rollers “were run over 


The he 80- ft. roadway contains 24.6 | eu. ft. lin. ft. and the 38- ft. 
roadwa ay cu cu. ‘ft. per lin. R, or an average for both of 0.84 cu. ft. 


per sq. ft. of f area ea between ¢ ee average amo amount of reinforcing a 


2.67 Ib. 
Tb. per ea. fe 


‘The main viaduct contains 8000 cu. yd. of concrete. The 
contract cost, , exclusive of cement and bars, was $6.0 085 per cu. yd. ~The | : 
of completed floor, was about cents | 


| 
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Paving. —The paving» ‘is of Bermudez asphalt. 
sults are from average analyses: 


‘Specific gravity 


¢ 


‘The following re- 


0% 
Soluble i in 88° naphtha 63. 
Soluble i in 62 ° naphtha. . 85.0 


Penetration at at 77° 38° (Dow) 


“4 


This hard asphalt v was softened 


petroleum ‘residuum. which tested as follows: 
Specific gravity, Baumé... 


Flashes 


From 18 to 20 Ib. of this oil were m ‘mixed with 100 Ib. . of asphalt. 
The cp ae of the ically: mixture at 77° Fahr. varied from 67 


to Dow, 


( 
is difficult to secure just the sand desired for in 
ansas” City, as River sand som powhat -worn \ 
| 


tions gave | more 
“Sand passing % % § % 


10 % 16 % 


9% (16 % 


% 

~ The paving material was given close inspection, | both at the - plant 


7 and on the work. . Samples, tak taken daily, were | analyzed a and sifted, ai 


— ‘were the mill, On the viaduet, 
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were taken from 1 in every to ‘45 on the rapidity 


a delivery, ete. 


The rolling was was carefully with 6 and ton rollers. 
necessary, the surface was ironed, with | “especial attention to 


adequate drainage. The entire pavement w was placed i in 20 ) days. 


The iron trough “expansion Joints w were ‘filled with the ordinary 


mixture, At some of these the wearing surface cracked during cold 


weather, and in the later work ‘thin separators were inserted to make 
these openings straight across the roadw y- . These joints are acting as 
et 


va, 
expected, | and are considered very satisfactory. a 


_ was not. on the new embankments, but 


The contract om for the a ssphaltum was ras 05 “per ‘sq. 


Macadam, $1 per sq. yd. the concrete floor with 


cost t about 48 cents per sq. fe 
Street- Car Deck. —The ties of the street-ce -car are of creosote, 


short: leaf, Southern pine, 6 by 8 in., laid flat, and “spaced 13 in. from 


center to center. Every. fourth tie extends across both tracks, hos 
serving to brace ‘the whole deck together and support a possible 
4 ow way. Guard timbers are dapped 14 i in. on the ties and are set 11 in. 


q : beyond the gauge. On curves, the ties are on edge, the variation in the 


depth of the daps giving the o uter-rail elevation. 


the timber was on four sides, and finished to full size. 


general creosoting specifications were same as already given 


— 


‘Piles, from 10° to 13 Ib. of pure | dead oil of coal-t tar being used per 


“eubie foot of timber. The dapping, | boring, and cutting were di redone ne before 
a reosoting. The: cost delivered d $45 per 1¢ 000 0 ft., B. 
small derrick car, equipped with a gasoline b hoist 1 che on on the 


were used to ‘drive the guard rails: down on n the 
ties, to. shift the ties to fit the guard-rail daps, » and to ‘settle them 


on the stringers. ers. Then the hook- bolts and guard- -rail 


_— Serted, and the deck was tightened t to ‘place with s socket wrenches on 
plant ey a The rails are of 70-lb., Am. Soc. OC. E. section, 30 and 33 ft. long, 


A, and laid broken joints, to every tie with two ordinary -in. 


bolts were in- 
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- ‘The tracks are bonded by t two copper bonds’ at each joint, and set 


up with a screw compressor. F or each bond, two holes were 
drilled through the rail ‘Some of these holes were 
hand-ratchets, but as the rails were very hard and the drilling was 


a drill was substituted. consisted of a h.p. gaso- 


tacl “tached to an -automatic- feed drill working i in a yoke ‘that fitted over sr the 


rail. ‘This machine cost t only $100, in addition to the engine, and gave 
creditable results. Tt would drill | the. four x holes at a joint and move _ 
forward in 12 min. . Av very weak solution of sal soda was used for g 


_ ‘The cost of laying | deck timber was about $5 per 1000 ft., B. M. i 


for laying rails about 4 cents i lin. ft. of of ‘single track; ‘the work of | 


bonding cost about 50 cents per joint. 


_ The usual overhead trolley is used. 1 The poles | are of iron, from 
bE to 5 in. in diameter and 20 ft. high above the ties. ‘They a are placed 


“between the two tracks, ft. apart, and support cross-brackets 


 Hand- Rail — The hand- rail was designed for strength, simplicity, 


for the 1 wires. q 


and architectural harmony with the structure. It consists of square, 
cast-iron posts, 9 ft. apart, supporting 1g horizontal rails ¢ of ordinary pipe, 


the diameter of the upper one being 3 in. . and the “other four in, 
_ Each post i is | fastened d by two bolts en embedded i in the ‘concrete floor, the : 


“upper ¢ of which has two nuts, in order to provide for the adjustment of 
Ps post. ‘The | pipe rails p pass through holes i in the p posts, fitting rather a 


oosely, and : are joined by standard unions and | made continuous. 
each post, and for each two. steel wedges: are driven 


into seats, and pinching the pipe and holding it 


‘Thus the hand- rail co not b be e erect ed ur ntil the floor was finished, 


d then { the posts a and d to be up A small 


7 two- -wheeled truck was used to set up the posts. — The forward end of 
this truck had a cantilevered fork on which a a post was ‘supported me it - 


was drawn ¢ on to tee projecting bolts. _ The pipes: were re inser ted 


adjusted to points set transit, thus bringing the ‘upper ‘rail to 

true line. The cost of the hand- rail i is : included i in the 1 general schedule 


price for superstructure metal erected. 


| 


el 


— 
— | 
7 
— 
— 
— 4 
_§ 
re 
: 
— 
1 
— 8 


Papers] TILE E VIADUCT, KANSAS 


Lighting System—The “annoyances of trip through the bo 
toms are aggravated | by darkness, ai an adequate lighting 
| for the accommodation ¢ of night travel was considered highly desirable 


for the viaduct. Natural gas - available, and was ¢ considered, as as also 


pe 
tion is uniform yy not not glaring, yet so bright ‘that 2 a ‘newspaper can can “a 


read anywhere on the roadway. 


7. 


Every fourth hand- rail post is extended above those intermediate, 

and supports a 16-c. D. Tantalum lamp, set in a vertical, moulded, mica 

socket, ‘surrounded a glass globe 10 in. in diameter. ‘There is. thus 


light every 36 ft. . along eai each hand- rail. ‘The lights : are uniformly 8 


6 in. above the pavement, and aré are staggered on on 1 the two sides, making 
lamp for each 18 lin. of roadway. 
The wiring is of the three- wire, 250 to 500- volt system, m, with two 


lamps in series, connected in three circuits so that third of the 
lamps may be be used 1 without changing” the factors of symmetry and dis- 


“tribution, Certain main posts have lamps wired on the 


cuits so as to regardless of which of the system is 


a office i is ‘installed a switch- board, a ‘motor generator, 


x the ou of half of the structure, and 1 two similar sets of three 


sires each to furnish current for the lamps of ‘the other a 


two outside wires of each h circuit, together with its series ‘wis, are 


run in one vial conduit, and the neutral for each set of three circuits 


is run on glass insulators. 


n 
Th es 
The conduits and wire are SUP] short wooden cross-a cross-arms 


ished, “fastened on the top of each floor- beam between ‘the: two outermost 


‘stringers on | each side. . They are are thus well sheltered, side and 
of above, by the concrete floor. he 
J as as it ‘From the. office | to the structure t the four neutrals are e combined into — 


serted two each of ‘solid copper, No. 10, B. & gauge. Elsewhere, each 
ah consists of a solid copper wire, No. 12, B. & S. gauge. Th 


3 


Wires connecting two lamps i in series are of the same character, and of f 
0. 14 gauge. . Where placed on glass insulators, the neutral wire is 
of single- braid, Okonite ‘insulation, and all feeders and branches run 
‘in metal | conduit have | double-braid | insulation. Joints in the wires 
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e soldered and do uble-t taped with Okonite | and friction tapes. — The 
are of _loricat ed metal, a are taken off, 


icated meta 


Crouse-I Hinds ‘condulets are inserted. 


za The feeder wires | of the lamp are led down through » the post toa 


box fastened ‘near ‘its bottom, in which is a 6- ampere cartridge 


fase. To seach the fuse- eae from below the floor, a 2-in. pipe was 
7 placed in the concrete at each lamp- -post, and through this is passed — 


a light -in. n. metal “conduit, bent. to prevent the entrance of water, and 
bushed at end. 


in engths 
variation of the size of the wires, the aniliiiies are varied, ean 
carrying main feeders being 13, 1, and 3 in. in diameter, respectively. 


There was serious trouble in entering the several wires into the 


Ze; 
duits would have simplified the task. 

The company furnished th the lamps, globes, aa certain castings, b but 


the contractor installed ‘them, and furnished and installed ae 


q ‘equipment for $28 000. T hee are about ut 500 0 lights 0 on t ies main vi viaduct, 


legal complications prevented ‘the main lateral 


on Mulberry Street from | being built as at “first planned, and it 
a came impossible to effect a Janding at 12th and Liberty Streets. . This 


lateral w was always « considered of vital importance to the su success of the 

_ enterprise asa whole, and when the ‘original plans had to be modified 
- was decided to build to 12th Street—two blocks east of the former | 
‘corner—and there install electric: elevators of sufficient size and 

capacity to raise to the ee of the sateen any vehicle with its how ses. 


‘Further r delays of a legal nature arose, however, at ‘present, 
cember 1 Ast, 1908, the ‘Mulberry. Street lat lateral is” built ilt to the cor corner 
we 

of Mulberry and 9th Streets, and two ek elevators are installed "there. 
‘The Hickory Street branch of this lateral divide’ tone the main in branch. 


about ft. from the main viaduct, ‘Tuns down on a 3% grade, turns: 


under the > former, crosses ‘Mulberry, Street, and ends at 9th and Hickory, 
‘Streets. This branch i is shown on Fig. 2 2, Plate VIII. 
‘These laterals provide o only for the highway loading, the Mulberry” : 
portion roadway 24 ft. w wide, a Hickory Street 
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tails a are the sai same as foe main n viaduet. The detailing of the steel- 


yrs 
No towers or longitudins 
columns are fastened down with four anchor- ‘bolts. which 


the n necessary ‘stiffness in every direction. 


foundations are principally of small « concrete pedestals resting 


They are placed : at a a sufficient depth below the street grade to _ 


allow for cellar construction. 4 ‘Two ¢ of the elevators’ have been in- 


- stalled, 2 Each has a counter- r-weighted mov moving platform, 11 by 53 ft, 
‘lifting a total distance of 40 ft. 9 in. ‘They are designed to — 
22.000 Ib. at 50 min., or 1 000 lb. at 100 ft. per min, 
h.p. motor is used for elevator. Automatic gates are prov ‘ided 


above and on the he platforms, 


‘These two approaches were finished and opened to traffic a few 


on sand. 


months after the completion of the main structure. 


The distances saved by the viaduct are shown by ‘the following 


Distance between 1D ighth and Wy randotte Streets and Fifth Street, 
= Minnesota Avenue. 


former 


and 


hors ses. 
it, 


corner 


Distance be between E Eighth’ and W. yandotte Streets and ‘Fifth Street. 


By Metropolitan line. , 16 000 ft. 


By Sixth Street Viaduct......... 850 


4150 


: 
—Conci USION. 


The entire construetion of the m main viaduct was co was completed in 218 


| months in fact, the work was done with such dispatch that several 


— 


contracts were finished their The s 


x 
was ready. for steel in 7 months... The 
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“months, the concrete was in 3 ‘months, and the asphalt 


was laid in 1 month. 4. 


— It is not possible, without lengthy solidi detail, to ¢ give re exact 


distributed costs of the complete ‘str ructure. ‘These figures have. been 
compiled a and compared minutely v Ww vith the preliminary estimates, When 


due allowance. is made for various changes, additions, and ‘deductions, 


which originated after the first estimates were ‘prepared, a very close 


agreement is seen. The greatest variation of actual cost to 
-eost is to be found in the items “right of way” and “legal expenses”, 


‘both of : which are materially in excess of the estimates. __ 0 = 
Cont tracts were made on the basis of price payments 


tities, and provision was made for all a 
‘extras on all contracts were performed at ‘actual ‘cost plus 10 p per cent. 


The total amount of such | bills on the two principal ¢ contracts was al dient 


of 1% of ‘the total final estimates. 


the total ; amounts paid to the contractors, and the total cost to the 


below, with the, unit- -prices ‘for the work. 


_ The costs refer to the Main Viaduet, which includes | the Ki 


: 


000 


uperstructure 


Steel e erected and painted. 00 


Pavement .. 


Lighting system ..... 28000 


ean cavation, mn, forms, ete. ... eu 


Conerete i 


| 
— 
— a 
4, 
| 
— 
as a ol 
— 
i}. 
\ 
2277 000 


297 000 


637 
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Mass of foundations of ‘pneumatic 


yiers. (This comprises rss ross 
ers, (TI compris ses the gro 
volume of base, including timber 


iron, concrete, cost of sink- 


metal in place ‘a 


= -off ...... 680.25 to 81.35 cents per lin. ft. 
piles in n place. . cents per lin, ft 


31 cen cents per Ib. 


ete floor (cement 


$6,085, per cu. yd. 


+++ 1.05 per sq. 


ing ties 
‘material M 


Laying, bolting, and id spiking cer Single 


Costs per Linear Foot.— 
Viaduct with 38-ft. Roadway, and Two Car Tracks. — 


‘Substructure .... $38.15 per lin. ft. 


eee 


Street- 


Ag 


Lighting s 


with 0-ft. and Two Car Tracks. 


4 Substructure . $38. 15 ‘per per lin, ft. 


Lighting system... 


ns, cents per Ib. 
ose t site .....46.40 cents per lin. ft. 
aa 
ent. Construction of coner 
a and bars furnished — 
Asphalt pavement..... 
Caw ach. — 
Kew 
. — 
iim 
: 
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Kaw River 30- ft. Two Car ‘Tracks. 


.$163. 00 pe per lin, ft. 


Floor and pavement 
Street-car deck. 


‘Lighting eysten 


Total cost..... $301. 10 per lin, ft. 


‘The small difference in cost between the 30-ft. and the 38-ft. road- 
ways is accounted for by the fact that the former is built strong enough 
in all details’ to allow for widening it to. 88 ft. by lengthening the 


roadway cantilevers. 


both the the total width of | 


For 30- ft. roadway portion.. sade 
Average for viaduct 


For Kaw River Bridge. ..... 


Personnel. —This viaduet has been. a work of and 


‘many hands, and any list of those associated with it n —_ _— 


ga arily incomplete. ~The structure w was designed by, and 
a str pe under the supervision of, the firm of Waddell and Hedrick, 
7 posed « of J J. A. L. Waddell, and Tra G ‘Hedrick, Members, Am. . Soc. 
» Consulting firm hes dissolved. 


x d had, 
as 
M. 


Am. Soe. ©. Charge of Shop p Inspection. The 


_ writer served as Resident Engineer for the Consulting Engineers, and 


7 


was in general charge of the construction. _ 


a he general contract for the substructure was in the hands “of cal 


James F. ‘Halpin of Kansas City, under whom were various ub- 


contra ctors. ~The pneumatic ‘piers were ‘built by Me 


‘Murray, of Kansas | City. The concrete piles em: most of ‘the timber 


piles | were driven | by The Foundation Com 


the > personal di direction of the late e George. M 0 


The’ — was furnished and erected by the Riter- Conley 1 Manuf 


: 
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ing: Company, of P with Mr. John P. Wagner as local repre: 


The concrete floor was built by The Expanded Metal and a 


gated Bar Company, o of St. Louis, under George R. Heckle, Assoc. M. 
5 Am. Soe. C. E. ‘The: asphalt paving v was laid by the Parker Washington 
aving of Kansas City. The laying of the street- -car deck, 

certain substructure, and other "various work was done by HO. 


Lindsly and Son, of Kansas City. The lighting sy system was , designed 
zo y Messrs. W. eeks and Kendall, Consulting En Engineers, and installed 


The writer remem remembers with apprecia| ion the efforts of a number of 


assistant engineers ers and inspectors, who labo re red ze zea alously and efficiently. 7 
: Grateful thanks are due to many gentlemen | for aid in collecting the 


foregoing data, particularly to. Messrs. Wade Waddell, Hedrick, an and Cochrane. 
Ash, Assoc. Am. Soe. E., was identified throughout: out with 


e designing and preparation of the plans. : 
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SAMPITTIC SURF ACING.* . 

By WALTER Wirson Crospy, M. Am. Soc. C. E. 


To BE PRESENTED APRIL 21st, 1909. 


For several years e writer has. been studying 


of hydrocarbon compounds in road making, has been 


impressed with the lack of standards by which to judge the various. 
g0 o-called “bituminous offered for sale, as well as with the 


pete essing need for such standardization. With the increased use of this 
- ment has come the inevitable increase in the variety of trade com 


pounds; moreover, with the ‘change in traffic highway -engi- 


nelv ide that the need for such a proper cement, and it ei 


Under different conditions, occasionally, results. have 
curred; ; and, “under similar conditions, v varying effects have been 
obtained. i: of the causes for these variations seem to indicate 


‘that in 1 the hydrocarbon compounds are the ‘main 


*G@r.,psammos, sand; pitta, pitch, 
aa Nore. —These papers are issued before the date set for presentation and dis- 
cussion. Correspondence is invited from those who cannot be present at the 
meeting, and may be sent by mail to the Secretary. Discussion, either ora! 0° 
written, will be published in a subsequent number of Proceedings, and, whet 
va finally closed, the papers, with discussion in full, will be published in Transactions 


~ 


n 


nm = 


: 
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ia 
neers tend to ¢ — F 
the use of d that cements 
a 


‘sources of variation, n, and. if) proper standardization a the ce cement 


material could secured, one might hope vad uniformity of results. 
* o this end the writer, for more than a year, has been conducting a 
search for the composition, from the stand- 


point of the highway engineer, of ‘the hydrocarbon | unds avail-— 


eble, and the effects, when on the road, of certair 
known exist. regrets to report. woeful lac k of 
information on ‘the subject, this, apparently, being du to the 
plexity of the compounds dealt with, and unscientific way in 

which | many who are e most familiar with the use of the material in 

question hove made and recorded their experiments. The re results 


attained by the writer are far from perfect, on account of the e limited 


4 
= 


time at his. disposal for this work, and. quite likely, his Hmited 

abilities i in this direction. He hopes, however, that by directing atten- 

tion anew to the subject, and possibly by furnishing a concrete in 
point for further. work, his efforts will not have been i in vain. 


F will be recalled that, ‘not so many years ago, it was the ‘custom 
to specify cement of a | brand, or cement which, the 


arious 

fem, To day lime cement a article, and such 
of this cations wou would be looke d upon with contempt. 
Is s it more than fair to hope that the standardization of bituminous — - 
cements may follow ; and to believe that, not only ris it possible 
wal — that within a a few years the engineering profession will be relieved of 


for such specifications as “Borrowin’ Brand 


ost #F iller,” “Rotto 4 Asphalt, “equally good” 


The specifications for “Sampittie Surfacing,” ‘offered herewith, 
may be used as a starting point for discussion, principally because it = 


seems * the writer r that the | simplest form of the use of a hydrocarbon — 


— cement is thus: presented. 


‘Further, it seems possible that, ifa Proper standardizing of a a base, 
is secured, “modifications | or solutions of this base, required under 
different: conditions and different purposes, may easily be made > by 


changes in the i inserted figures, as the necessity. may dictate. 
The writer will gladly welcome discussion of the foregoing, and of 


the appended especially 


> 


those clauses relating to 
< 


€ 
] 
| 
i 
— 
= 
ents 0 — 
q 
nt at the 
r oral ise 
tons. — 
ansactions: 
— 


SURFACING 


 Sampittice Surfacing. 
281,—Sampittic surfacing shall be used wh erever provid ided for i 


n 
the plans or directed by ‘the Engineer. The width and 
required at ‘different points shall be those shown the plans, or 


designated by the Engineer. 


al, 


283.—The roadbed for the sampittic surfacing shall consist of the 
natural, sandy roadbed prepared and shaped as shown the lans. 
a“ Where the natural roadbed i s found, during the» work, to consist of 
material which, in the opinion of the Engineer, is unfit for this form 

of construction, the Contractor shall remove e as much of this unfit 
as ‘nay deemed necessary y by the Engineer and ‘shall re- 


place it with | sandy material which, in the opinion of the Engineer, i 
suitable for purpose. All unfit ‘materia 
“measured and paid for as “Excavation.” 


284. and fils, ted, the 
roadbed shall be graded to a width of — — feet, and shall be free from 

spongy and 1 vegetable ‘matter, roots, and ‘stumps. 7 The portion of the 


“roadbed prepared for the pitch, surfacing shall be ey feet wide, a 


‘shall be brought to th the grades and er cross- -sections ; shown on on the plans. 
The fils « shall be —— feet wide on top, 
Earth Roadbed. 
no change | from grade of portions 


"removed will be 


to to the proper -section; and ‘slight ‘elevations, ‘with, 
contiguous apna shall ber removed, so as to oy an even and 


286.—The of the finished ‘rood shall be that shown on the 
secompanying ‘Plans, and shall have a cross- s-slope of —— inches 


one foot. 


— 

, 

course of a thorough mixture of pitch and sandy soil, to be formed | 
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Pitch: 


287. —The pitch me: to be used shall. be a 


use of a proper ‘solve ent or flux. 


‘Tt shall be uniform rm in character, and shall the following | 


a. The percentage of free carbon shall not exceed 


a all not 1 twent 
‘The percentage of of fixed | carbon all not exceed twen 


C. ‘The percentage « of paraffin . shall not exceed two. 


When 20 grammes of the material a are heated on a flat- bottomed 


constant temperature of 105 05° 


in an oven, the interior of 


nis pitch must ‘how a 

ductility, by ‘the Dow machine, than cm. 


the 1 of Clause d, ‘shall have been distilled from 
pitch ‘compound, ‘the residue shall show a consistency of not more than = 


+40 em. at 85° cent. 


thet 50 cu. em., at a temperature ure of 100° “will flow through 


an Engler instrument in not more than 75 sec. Ve - 7 


h. When the pitch compound proposed to . be used shall have been 
evaporated to a | consistency | which will show a penetration of 50 cm. 
at 2 25° percentage of this esidu ue to the whole ‘sample of 
normal: pitch “compound shall be not ss than 60. 


The slbiliees point of this residue shall be not less than 65° nor % - 
ore than 66° 
‘he pitch compound proposed to be used shall contain no con- 
8 


stituents which can be removed by distilling it u up to 170° cent., nor 


more than 20% by distillation between 170° 270° 


pitch ‘compounds must be free or adventitious 
in excess of 2% of the in its state. 

Pitch | of 


hydrocarbon, re- — 
— 
dish, 24 in. in diameter, tor 24 hours, 
| which is maintained at a uniform and 
-cent., the loss shall not be more than 15 per cen 
A sample of the pitch compound proposed 
it — 
re 
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lans. 
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‘SAMPITTIC SURFACING 


offensive characteristics, by reason of their odor or or otherwise, will not. 


Each lot of pitch 1 compound furnished under this contract twill 


; 
be ‘subject to the tests mentioned, and shall show by these tests the 
characteristics specified. The tests will be ‘made on samples taken 


: from each lot as as it arrives, ;, and the results of the tests on the samples” 
will be-considered as as characteristic of the lots from which the samples 
——- were taken. _ The ‘rejection of a a sample for any reason will cause the 
“rejection of the lot from which the sample w: was taken. The samples 


wl be taken, by the gallon, from tank cars, by the Engineer or his 


authorized if the pitch compound is in barrels, a 


- = nt t will be taken from each of eight barrels | selected at random dom by ‘the 4 
a En ngi ineer from each carload of the ‘shipment, 2 and d these pints will be 2 
noroughly mixed ‘together to form the > sample to be tested. 
288, —All pitch compounds, as well a as all other materials, used, 
“under this contract, shall | be e subject to the approval of the Engineer, j 


pitch other material disapproved by him shall not be used. 

Any di disapproved ‘material shall be removed promptly. and ‘replaced by 

approved material, by and at the expense of the Contractor, « on notice 

to him from the Engineer. 


Spreading: and Mixing. 
289.— —When the roadbed, after being prepared and shaped as herein 
does not consist of material in a finely divided state toe 


a. depth « of at least 6 in. if ‘deemed necessary by the ‘Engineer, it shall 
be e put ‘in such condition | by by thoroughly plowing, harrowing, and_ 
cultivating to a depth o of at least 6 > 


290. 00.—On the roadbed, prepared : as herein described, the pitch com- 


a pound shall be spread ‘uniformly by using a sprinkling « cart of a pattern 


approved by the. ‘Engincer, or by other meme as may so 

approved, and i ina a quantity not ess than 1 gal. nor more than 14 gal. 

per sq. yd. of surfacing. | Unless: otherwise approved i in writing by the 

Engineer, the pitch ‘compound shall be heated to a temperature of not 
“more e than 150° cent. , and. applied at ‘a temperature of not less than 


291.—Immediately after an application of pitch compound has been § 
made toa as ve > described, the pitched ‘material 
shall be thoroughly turned o 
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SURFACING 
SAMPITTIC. SURFACING 


application of pitch compound will then be made as before. . 


none of the unmixed pitch is visible surface. A 


pitched material will, then be mixed thoroughly by the use of plows, > 


scrapers, ‘and such other means as may be neq “necessary 

insure a complete, uniform, and thorough mixing of the pitch ail 

pound and the sandy material of the roadbed. To secure is result, 
additional compound shall be s lied, where necessary, by the 


supp 
the 


i= 


Contractor, in the manner and onde 


and unaer 


‘Uniformity. of mixing: is: most impor rtant, and must be secured, and 7 
pockets sof unusually sandy or excessively pitchy m material will not be | 
permitted. ‘When finally the roadbed material is mixed satisfactorily, — 


7 


: in th the opinion of the Engineer, the surface shall be ¢ carefully. shaped, 
or 


by raking or otherwise, the } section, grades, ete., shown on 


the plans, _ due allowance ‘being made for settlement. 


ug 
used. 3 


used. —The pitched shall. then be ‘rolled by a “tamping, 
by roller” of a a pattern ‘approved by ‘the Engineer. This roller shall have 
\otice ‘toothed concentric rings, or shall be be a drum ‘studded with ‘spikes, or 
shall be of a design which will i insure the thorough compaction. of the 
pitched material from the bottom up. The rolling will be continued 
- until the utmost degree of compaction is secured, and until the spikes s 
nerein or teeth of the wheels do not penetrate the surface . more than 2 in. 
2 toa During the rolling, and if deemed necessary by the Engineer, the road y 
shall shall be sprinkled with sufficient water to insure the thorough « -com- 
‘Finishing Coa Coat. 
pattern 293.— —When, in t the opinion of the the pitched ‘material. 
be 80 } shall have b been su ffici iently compacted, as above described, a third coat = 
14 gal — compound sha I be applied, as hereinbefore « described, andin 
py the a quantity not t less 1 than 34 3 gal, nor more than 1 gal., per sd. _ yd. The , 


surface shall ‘then be lightly harrowed or raked, or both, to insure 


mixing of the pitch ‘compound with the the loose material remain- 
in the ‘road, and shall ll be raked and ‘trimmed to the cross- “section 


of not 


ss than 


been and grades desired The r road shall then be thoroughly rolled, until 
materitl and hard, with an ordinary steam roller, weighing not less ‘than 


Any unevenness or depression shall be remedied by the ‘addi- 
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SURFACING 


tion of properly mixed pitch compound and sandy material of a 


- character similar to. that in the roadbed, as may be deemed necessary 
: by the Engineer. > Should spots in the road show an excess of pitch 
> under this last rolling, s ufficient sandy material abso the pitch 


shall be dusted over them carefully and ‘evenly. 


_ 294, —The pr price agreed to be 


all labor material nec 
in clude the Tepairs necessary, in the 


> 


for pitch surfacing shall include 
essary t o do the work herein specified under 

pitch surfacing, and shall also 

opinion o: of the Engineer, for a period of in months from | the day of 


the acceptance of the work, which ‘Tepairs ‘sk ‘shall made with the same. 
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PAPERS AND D DISCUSSIONS 


This Society is ‘not ieumtesilii: sis a body, for the facts and opinions advanced in 
any of its publications. 


MAXIMUM W ‘RIGHTS OF ‘SLOW. FR REIGHT 
TRAINS, 


8s. M. Am. Soc. C. 
og 0 BE Presenrep Aprit 21st, 1909. 
It is is | hardly necessary t to mention the g > great and growing | importance 


Be the subject of train, weights. “Study of the problem has g given rise 


to many different forms of investigation which are constantly a 


ing in the railroad journals and which are indicative of greater ‘refine- 
‘ment in the: making u up of trains in the future. Most writers. have 


endeavored | to treat the subject in its. entirety, con endian the 


: | cpection of both slow and fast trains, whereas the object of this = 


. ae to present only 1 the case of slow ow freight trains, and too utline briefly 
of the various to the ¢ conclusions finally 


operating ‘over proposed 1 revisions or projected 


| “constructed, such as ‘would permit of the ‘intelligent comparison 

of expenses on two or more projects or Toutes of haul. The locomotive 
. ~ sof a a type weighing, with its t tender, 168 tons, 8, of which 178 000 Ib. 
Tested on the driving wheels; and the train was” to. consist of cars 


Weighing 20 tons each when empty, with a capacity of 50 tons. The 


» 


Nore.—These papers are issued before the date set for presentation and | 


cussion. Correspondence is invited from those who cannot be present at the 
written” and may be sent by mail to the Secretary. Discussion, either oral or 
finally will be published in a subsequent number of Proceedings. and, when 
nally _ closed, the papers, with discussion in full, will be published in Transactions. 
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THE [UM WEIGHTS OF SLOW pW FREIGHT TRAINS [P&P 
speed was not to exceed 10 mi miles ‘per hour on ruling grades, and 1 no ._ 
benefit derived from momentum was to be considered in ‘fixing the 

train, weight. The x resistance due to curvature was to be allowed for 

by compensating ‘the. ruling grades at 0. 05% per degree of « curve. 7 


The first principle of t train resistance, namely, that | a a given ‘train . 
weight confined in a few cars requires Tess tractive power to move it | 


‘than the same weight composed of m many empty cars, led the writer 


to a . form of equation involving the relation between the dead weight 
and: the lading of the cars, which is eviden tly the same as if the 


if 
average car weight or the actual number of | cars had been cused. 


power of the was, determined as av 


the driving wheels, considering that ‘atmospheric conditions 


speed of 10 miles per hour. 


With these ideas, Ww hich indicated the general form of the eq equation, 
the paper* “Virtual Grades for Freight Trains” by A. | Demis, 
M. Am. Soc. C. E., was consulted, with the result that the train | 


was taken at 4 Ib. per ton of train weight for full cars and | 


steaming qualities remained practically constant at normal values. —_ 


9 Ib. per ton for « empty cars. Also, from this paper, was taken the 
reduction of 13. 1% in the tractive po ‘power for the ‘speed of 10 


‘The hauls in Table 1 1 are’ from of The Pennsylvania 
Railroad C Company, and represent a fair average of actual train weight 


for one. Tocomotive of the. ne type for a “speed of 1 10 miles 


TABLE 1. 


Percentage. 7 weight in tons. 
00 


] 
A an 
«Using the values in Table A, and i increasing the > train capacity 


‘emeie overloa d, as a a limiting maximum, ‘the coefficient « of tr: active 
he 


(a7 


* Transact Am. Soe. C. 


al 

— 
a 
a 
a 

3 
‘ 
— 
A 


nstant 


ration, 
Yennis, 


and 
en the 
) miles 
ylvania 

weight 
0 miles 


_ -powe er was as established as 0. 0.232; ‘the complete expression f for tractive 
power then became 0.232 232 0. 863 ‘the number of ‘pounds on the 
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ve 


drivers, or 0.2 x the numb er of ‘pounds o1 on the driv ers, in which the 


0.863 is the: complement of. 13.7 13.7 per cent. Introducing now the factor 


for train 2 resistance, and denoting th the raling grade percentage by 


train weight =~ 


& 
2x pounds on on drivers. ® ‘ ‘Tons 


Wei Weight loaded on train. 4 2040 “lana tender. 

1.1 X Capacity of train. 
in which the “Capacity of =? s the sum of the capacities of the 


cars, and all ‘tons are 2000 Ib. in swoight. For the particular case 
hand, the weight c on drivers i is 173 000 Ib. and the weight of locomo 


tender is 168 tons; 1 hence, with cars of any class_ loaded to 
maximum, ‘the assumes ‘special form: 


tons De hind tender = = 34 600 — 168. 


general equation is obtained: 


to give the train weights within about the weight of f one empty car, » 


except in the case of the “fourth haul, which it makes 64 tons - too 
high; but, as the last: haul is ‘only 19 tons too high, it ie reasonable 


to ‘sme that the equation represents safe values in the case of this. 


example, Also, it is reasonable to assume ne that since for empty cars 


the train resistance is 9 Ib. ania ton of train weight, the values inter- 
mediate between 4 and 9 Ib. per per ton will be given correctly by all 
: ‘equation for all partial ladings o of the train. It will be noted that for 


train of empty cars | equation becomes: 
tons behind tender 34 60 
jecause the for this wa as 


be 
eneral equation is belic ved t ‘to present poet 
sdeentoges, and from. it a table may be formed showing | the tons of 
Be ing and the: number of cars: in ‘the train, which is convenient in 
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n has thus far fulfilled the requirements: for which it it 

was “suggestions have been made which show that 


can be greatly improved i in point of accuracy of form and adaptability — | 


One objection to the form i is found in } the fact that the } Car resis 


ortional to a constant ‘increment of lading. ‘Brocy indication 


: ature goes to | prove that probably the variation : should be ‘in propor- 
‘tion to an increment of lading which is constantly ‘increasing, or to 

s a decrement of similar character; in short, it should represent a curve 

instead of a straight line when depicted graphically. _ The grade resist- 

20 g, is evidently being a cas 


a weight ‘on an in 


‘3, 


BER 


reducing whe ‘value of tractive power tee the grade involved 


the weight of locomotive, tender, “eaboose, hi has a great 
vantage in point of accuracy over the sothed simply subtracting 
such dead weight as indicated in tee above equation, particularly. in 


cases where the tractive power is determined by a | dynamometer car. 


For general use, it seems “advisable to express the relation of the 


train weight to the number of cars as 1 the average total car weight. 
- can n readily 1 be > seen that if the ne axles and eight 5 wheels of an 


7 of the train divided by the number opi is an average ‘car weight, 
ane is a true measure of the resistance p per car. — If the condition is 
not realized absolutely, the average ¢ ar weight w ill be affected by an 
ame amount in the ease of an ordinary mixed train. 


A 


view of considerations, equation must be 


expressed in a form somewhat different from ‘that e, and, 


per car, in ‘tone of 


200 


— 
: 
be 
— 

| 

ted from a number o nd W is the 
in which PR is the resistane speed of 10 miles 
2000 Ib., for a speed of 


an 

weight 
weight, 
ition is 
1 by 


eter cat, 
W i is the 
10 miles 


180 
7 
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ire locate 
it is clear that the 1 ‘resistance per car will decrease from, B to A, end 


become zero, © when ‘the number of cars becomes zero. Hence ‘the 


Rim 


ounds per Car 


= 
eight per Car, in Tons= W. 


> 


q of zero. it must, be a a cury curve; and such | a -eurve 


its particular form for for this case i. 


ers. 
— 
ility | | — ugh the origin 

, 
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it is 
seen ‘that they « agree closely ah the values § given by the equation, thus 
ers the | assumption that the resistance per ear varies as a curved 


line of this character. 


Dividing the values of corresponding value of W, a 
slo tting the results” to ry seale on the right of Fig. 1, » develops the 
N, of pounds: per ton 


Ww eight behind tender = 


= 


rve 


weight, i in tons, of ‘the locomotive and tenders : a and b are constants; 


Wi is s the average weight per car, in tons; s; and g is: head “grade, ii in 

percentage. The tractive power, 25 is here reduced by 20 gm v (where 


the weight of a caboose may be i included in m if desired), instead of sub- 


tracting the dead weight, mM, after the division has been made. Sub- 


stituting the known terms taken from Tables 1 and 2 and those Sia ed 
for Fig. 1, an average value of P is found to be 32 100 Ib., and there- 


fore the equation fe for train weight for this particular case becomes: 


32 100 — 3 360 g 
‘Tons of train weight behind tender 


‘This e equation does not agree with the values in Table 1 as closely 


do from, Equation 1, but it i is more. rational i in form, 


and is adapted to use in connection w ith records taken with a dynamom 
eter car, from which the tractive e pow er, Pp, and the constants, a and 
Db, can be readily determined by experimental trials" ‘for any - particular 
of locomotives or cars. 


For th the 1 purpose ¢ of making ied trains, an n equation similar to the 


ad, the ering is assuming it to be 


> 


me 


Q 


6 


=] 


4 
gs. 
‘ 
— 
| 
tra: 
repa red for all car ht. Tei 
From this may Velen of average car we: 
— 


rticult 
to the 
div jsion 
be 0.5%: 


&§ and proven, is to express the rating intelligently and in such a form 
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‘tion for temperature, of course, “must be determined by past 
. A similar table, prepared for each class of locomotive | 
i agree division can be used for making up trains by a yard: master | 


‘very mediocre intelligence. The process of taking the continued | 


sum of the car w weights until the total indicated i in the table is S approxi 
mately reached, | and ‘then ‘dividing: the ‘result by the number of cars 
to obtain the car weight, is a simple on one. The ‘difference of 
_a few cars more or less is ‘then made up, and. the total train weight of 


: the _ completed train is fin diy checked by a repetition of the process. | i 
TABLE 3. 


car weign oy rain eig 1ts or arious em peratures. 


5° — 25° ° ‘mergency. 

1 585 4 028 
1 029 


given to non 


tor 1s in a a fe! ctitious weight, 


“its use introduces th of a “straight- line variation” reaching 


the final result, which is questionable in point of accuracy. The 


| following quotation is taken from “Tonnage Rating,” an article by 


Mr. Thomas says: 


“The most difficult problem after | the re rating been ascertained 


that: the dispatchers, yard-masters, foremen or switch crews and con- 
ductors can understand and easily interpret the rating sheets. 
a “The most difficult thing to impress upon those interested 7 
fact that the rating is often governed by the number of cars in the 
train; the greater the number of cars, the greater the rolling ‘resistance, 
in eyes of the average train master dispatcher a thousand 
S, whether confined in twenty cars a 


Engineer and Railroad Journal, April, — 
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aie “You will note al 4 _ that the maximum rating is shown in 


7 cars weighing fifty ieee ts and for every car added to the train above this 
given number of cars reduction from the maximum rating 
be made of from. four to five tons. * * * I cannot say that this” 

: reduction is based on any fixed rule, beyond, ‘as mentioned above, that 


itis the fruit of long investigation a and a series of tests * Dai .? 


the writer thinks that Mr. Thomas intended to ‘say, in - instance 
“the > greater the number of cars the g greater the rolling resist- 
per ton of train weight, which is is usually difficult to ‘make clear. 
Asa a matter of | fact, the determination ‘of the car factor is some- 
_ times based ona “fixed rule,” or rather a carefully w wrought out series” 
of experimental tags: put aie a rational m athematical form. This 
form usually is developed by “equations, “80 me of which 
ues, but whether or not this be true, the unfortunate fact 

remains that the use of ‘such a car r factor, when derived, constitutes 
co constant increment, thus introducing a form of variation 


It m may asked, what ean be made to such a variation, 


and in answer the writer appeals” to the reason of those who are” 


"students of the ‘problem here presented. Natural forces represented 


graphically, almost without exception, are forms of curves. The 


struction of | a train is artificial, but the forces developed by the move- 


q 


of the ‘train are n natural in tl their characteristics and continual 
study brings with it the grow ing conviction that the graphics in this 
problem should be curves rather than straight lines. . Granting this, the 

4 use of the car factor must be dispensed with, and a a rigidly curvilinear 
method or equation must be formulated. we conceive of a level 
railroad, tangent as an arc of 4000 miles radius, the center of which 


) m 
is ni earth’ s center, then Equation 2, as given above, is strictly curvir 


near in its components | and in its entirety; but if this | conception 


-appea ears to violate the sense in which the quantity 20 of used, 


there still remains the argument that ¢ grade is an artificial ial rt not 8 

natural element of force i i this ble 

na To 

‘The economic issues dependent upon a true determination of maxi- 

| mum train weights, especially for slow freight trains, are of such 
_ = importance that. ‘the writer feels justified in stating th: it any 


oa - criticisms or suggestions which will throw more light on the subjed 
ae will be welcomed by the majority of r railroad men. 7 
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of 
The data upon which the foregoing developments are bas based are 


to. represent normal conditions. They are the re results of “many 
tests, and of careful selection and reduction. a In every ‘case, however, 
7 
apply only to the slow sg] speed of from 10 to 3 miles per hour. The 
—_ are given | to show only ‘the form of variation, since it is 


apparent t that the constants in them must be. derived from e experimental 
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on "AMERICAN N SOCIETY OF CIVIL “ENGINEERS 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS» 


‘This Society is not asa body, for the facts. and 


in an of its ublications. 


THE ‘PURIFICATI ON OF GROUND-WATERS CON- 


TATNING | IR AND MANGANESE. 


ME SSRS. W. C. ‘Lounspury, . Arruur L. TERRY RRY, In, IP Burcess, 
AL -Exuiorr Kimserty, ALEXANDER Porrer. 


Mr. Louns- LIAM com Lounspury, Esq.t (by letter). —Mr. Weston mentions a 


Ri the difficulties which may be encountered i in removing. iron from under- | 
ground supplies. The plant at Superior, Wis., has certainly | had its 
share of troubles arising from this difficulty, and a brief account of the 
somewhat peculiar conditions and experiences may prove of interest, in 
the light of Mr. Weston’ suggestions. 

Superior i is s the second city Wisconsin, and is located at the 
head of the Great Lakes. A narrow strip of sand, some 7 miles long 
‘and a few hundred feet. wide, » runs parallel to the Wisconsin shore, 
about a mile from the city and mainland. Lake Superior washes the 
outer shore of this sandy stretch, and Superior Bay, the inner shore. 
land, Minnesota Point, is principally made 1 up of a fairly 


and débris | have undoubtedly been incorporated } with the sand, so that 
the clean sand of the surface ‘shows no indication of what 1 may rw 


About: ten year s ago, the Water ‘Company decided to ‘its 
supply from wells to be located on Minnesota Point, , along the shore 
- of the lake. By this means, it was thought, an excellent supply of 


___* This discussion (of the paper by Robert Spurr Weston, Assoc. M. Am. Soc. C.E. 
printed in Proceedings for December, 1908), is printed in Proceedings in order chat the views 
_ expr essed may be brought before all members for further discussion. __ 


et + Chemist and Superintendent of the Water- Works, etnias Wis. 
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jetted to a of 14 ft. ‘These wells 
carrying C ‘ook brass strainers, were spaced about 17 ft. 
apart, each being separated from the main suction by a valve. ‘The © 
= of wells were below water level, ‘and the ingress of 


Poy on account of the ice in winter, and 3 in times of anes ater, — 
= water of the lake 1 may be several hundred feet “away. ‘The: water 
derived from these wells was extremely disappointing. It. was harder 

. Bo lake water, although | not as hard as the bay waters, moreov: er, 


‘Nitrogen as: 


of the Ikalinity ... ee . 46 


The character of the 1 water has remained practically u ‘unchanged 
— since, The water as describ sed was used pressure to the 
ity for years, but caused much trouble. The iron settled out 

es f ‘in the pipes 3 Crenothrix appeared in great quantities; and all the 
1 shore, charac teristic objections to iron manifested themselves ina marked 
the degree. water was particularly disagreeable because it became 

shore. highly colored, after being drawn from the wells, and this highly- | 


water was confounded, the Public, with 


tb 1899, Allen Hazen, M. = designed and con 
structed an iron removal plant, for ‘the local company. | This —- 
consists, essentially, of an aerating device, by which the water showers 
through holes in iron trays, and falls as spray into a well beneath. 


The trays are enclosed in a skeleton house, the sides of which = 


* Described at length in Engineering New 8 21st, 1901, p. 141 


g 
— 
£ 
— 
<9 
4 
— 
— 
ticles of 
er, clay, 
so that — 
‘te 
draw it § 
the shore 
— 
supply o 


; 
152 DISCUSSION THE PURIFICATION GROUND~ WATERS ens (Papers. 
‘Mr, Louns- shutters, arranged so as to give free access of the | air to the water. . 
oe _ From here, the water flows to covered ‘sand filters, and is filtered at a 
_ rate of about 5000000 gal. per acre, per day. This method of treat- om St 
vi 
ment at “once | gave improved conditions, and the effluent has never 
_ since supported | any growth in the mains, or deposited iron in them # 
to any extent. Strangely enough, however, the water showed, by 
a _ analysis, an iron patsrne of 0.7, or 0.8, or even 1.0 part of iron in the 
filtered water, and an average color of 30, varying from a minimum — 
_ of 25, to a maximum of 40. To reduce the iron still further, the aerator 
was heightened, so that more air came in contact with the water. This JJ B 


The earbon dioxide content is fairly constant, at 1.2 parts. Aera-— 
— tion as used reduces this to an amount of from 0.4 to 0.6 parts. -_ 
_ The -writer’s experience with the plant commenced in May, 1906. _ 
It was very important, at that time, to remove the the effluent, 
on account of local political conditions. In studying the matter, and 
in the light of a few bottle experiments, the plant ‘was run for several 
days without the use of the aerator. The result was an immediate 
of color and the iron content in the effluent. The iron was 
almost completely precipitated, ‘and the color was reduced so much 
that the water was perfectly satisfactory. ‘The results are indicated 


_ on the diagram, Fig. 9, which shows the decided change that t takes. 


when the aerator is put into use, or is _by-p assed. 
DIAGRAM SHOWING COLOR, CO2,AND F'z., IN EFFLUENT FROM FILTERS 


oe WITH AERATOR IN USE, AND WITHOUT AERATOR IN USE. 7 
SUPERIOR WATER LIGHT AND POWER COMPANY 
SUPERIOR, WISCONSIN. 


S$ Color 
per Mil 


Parts 


Days in October, 1906 be x 


In Fig. 9, the time of putting the aerator into operation is marked _ 
with a cross, X, and the time of by-passing is marked with a double 


_ ‘The samples of water were a at the pumps, so that the effect | 
is seen several hours after the time marked. Samples were analyzed at 
Sand 
‘least once in 4 hours, during the entire ‘period shown. slight 


increase of color on October 16th is due to 0 placing i in “operation : a filter B point 


_ The analyses: were hes made by the writer, and a are e expressed d accord 


ion standards. 
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The most obvious thing done by this treatment, or lack of treat- Mr. Louns- — 


ay 


a ment, was to allow the filtration | to t take place” in the presence of a 
7: - greater amount of carbon dioxide, and to. pass the water to the filters 
without violent shaking. There is always an excess of air in the water, 

through leakage of the system and at the pumps, therefore the writer. 
is inclined to think that the amount of oxygen present does not play 
an important part. This condition was exactly what had been found 
é- the laboratory. ~ Bottles of the same raw water had been taken. 

® Into one was run carbon dioxide, charging the water under the atmos-. J 
conditions prevailing. The other bottle was simply stoppered. 


Both were well shaken, and allowed to stand. It w was found that the 
f one containing the excess of carbon dioxide always precipitated its 
% a] iron readily, without attaining the yellow color the control bottle did. = 


Other bottles, after having stood a year or more, have invariably _ 
deposited most of the iron, although not always losing their color. — 


The quantities of precipitant deposited on the filters when ‘aaathin 
without aeration, was so great that the filters were totally inadequate 
to handle it. Ordinarily, with aeration, a filter - runs ; from 7 to 9 days; 
without aeration, dies in 3 or 4 days 
|  Non-aeration has been tried, at different times, than two 
and has invariably produced a satisfactory effluent, having 
color o: from 15 to 18 and an iron content of never ‘oe than 05 

part, sal frequently as low as 0.3. These experiments have covered. 

ranges of water temperature from 34 to 60°, and air temperature of | = 
from —30° to +90°, the rates of filtration varying with the varying — _ 

= mn of the city, and the loss of head due to the age of the - 


filters. A proportion of lake water has also been admitted, the <l 
linity of was 40, and the hardness and no iron; 


nuch 
cated 
takes 


and bly this ‘plays an part” in trouble,  Wheteves 
the explanation may be, it is certain that the Superior water has been 
so constant in composition for the past few years that the iron can 
be readily and easily precipitated, and ™ eolor can be kept from 
forming, by ; filtering without | aeration. - Possibly Mr. Weston can. 
explain just why this is so. 


be of interest to those undertaking the purification of _ground- 
effect know that a deferrization plant of 700000 gal. daily capacity was 


installed for the Government by Hungerford é & ‘Terry at Fort: Hancock, 


lyzed at q San 

Mook, N. J, more than a year ago. 

a filter e original water supply of the fort consisted of a series of well © 
a fi 


7 Points driven into the sand about 6 ft. below the ‘surface, These ga gave 
a very, good water until the consumption Teached about 75 000: gal. a 
acco day, when | evidences: of sea-water began to be. found, and increased to. 
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‘Mr. Terry.such an extent. that years ago two deep were ‘installed, « one 
450 ft. and the other 750 ft. deep. The water from both these wells: 
was very soft and good in every way, except for the i iron content, which 
_ ached about six parts per million ir in both wells. _ The deeper well 


flowed at an elevation of 15 ft. above tidal water, discharging about 


te. 


3 


a 90 gal. per min. The water _ contained considerable quantities of 
drogen sulphide. ‘Like ‘most ‘deep- -well waters, it was clear when 
first discharged, but in a short time developed considerable turbidity. | 
= An attempt to use this water without treatment resulted in ‘so much = 


dissatisfaction that the authorities reverted to the old supply. After a 
year, two settling reservoirs were built and air- -lifts were inatadled, the 


= 


| idea being that aerating the water would oxidize the iron; and that | 
: J the ‘settling reservoirs, which gave about 5 days’ sedimentation, would 


nee 


permit all the iron ie be remov ed. This plant 1 was completed about 
= years gO, and put into 0 operation, but it w as found that while the 
oxidation of the iron appeared to be very very rapid, , and that this p precipi- | 
tated iron settled with considerable rapidity, yet about 30% of the iron 
remained in solution. 4 At about that time a proposition by 
Hungerford & Terry to install a plant using lime as a coagulant, 
utilizing the settling reservoirs _and supplementing the plant with 


mechanical filters. - This proposition was accepted, and the plant ™ 
‘ia The two wells, each of which would discharge 250. gal. per min, 
_ when using the air-lift, were conducted into an orifice box containing 
adjustable ‘orifices. The large | orifice. is set. so that. the head of 
water varies from 1 to 2 ft. over the orifices, depending on the ‘dis 
= of the wells. _ The area of the large orifice is about: 17 sq. . in, 
that of the small orifice is about } sq. in., and both are placed at the 
‘same elevation, so that the discharge of one is approximately propor- 
tional to that of the ¢ other, regardless of the fluctuations i in head. The 
a small o orifice discharges into a lime saturator. * This saturator ¢ consists 
of a a conical vessel, at the bottom of which is placed about a bushel of 
- Freshly slaked lime. — The i incoming Ww vater from the small orifice i is dis- 
charged at the bottom of the s saturator, and, to aid in thorough 
mixing of the applied water with the lime, a small air line is ru 
from the air compressor, which produces: a constant ebullition part 
way up the saturator. A conical hood, terminating in a pipe reaching 
~ above the water level, carries the air to the surface after it has per: 
- formed its duty of mixing 1g the lime and water. All below this hood isa 
violently agitated milk of lime, while above and outside the hood 
there is a solution of lime g gradually clearing -as the surface is s reached. 
_ The outlet of the saturator is on the side at the top, and when raw 
water” enters the saturator it displaces an equivalent amount of a 
a oe saturated solution of lime, and in its turn is converted to milk 
of lime. The quantity of water applied to 1 the saturator is “ordinarily 
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7 gal. per min. and this, of course, displaces corresponding Mr. 
quantity of lime water. This lime water is applied to the raw water ool 


from. the large orifice as it enters No. 1 reservoir. Coagulation is 


The water takes about two days to pass through the two settling _ 
. _ basins, and, although apparently clear, a very considerable amount of 
iron is still left. This fact has been determined, not by analysis, but - 
_ by observing the wash- water from the filters, the latter requiring wash- — 
The filters are mechanical filters of the 1 pressure wom each having 
a capacity of 360 000 gal. per day of 24 hours, or 720000 gal. per day 


ould 


The lime required for this plant costs only 80° cents per million 
ou 
the 


eipi- 
cipi- 


¥ gallons, and does not seem tov ary with the seasons, for the lime feed 

has not been changed since the plant was first installed. That the 
correct quantity of lime was being used was determined by testing the 
alkalinity of the water with phenolphthalein. - When the filtered — 
shows a faint — color with phenolphthalein, the removal of the iron 


iron. 
le by 
lant, 
with 


fact that the water strongly te ;phenolphthalein 
<a 

and yet shows no reaction afterward. 
The following report of the water comes from the office of the 
\ining Surgeon- General of the United States Army 
1e dis i “The first [sample] is the water as it comes from the wells. be It is 

q. I, a turbid water of a very faintly alkaline reaction , odorless, of a 


pe ‘the 4 yellowish color, due to the marked amount of suspended | scl 


_ matter. This settles on standing to an appreciable deposit, leaving sa 
|. The yy The second is the water after treatment through the filtration 
onsists j apparatus. It is absolutely clear and colorless, is faintly alkaline in — 
shel of ; reaction, contains an almost inappreciable sediment on standing for 
is dis- many hours, and is without odor. __ There is no visible charring or 
oul Bs carbonization in the residue on its incineration. There thus appears 
improvement in the water by the removal of what small amount 
ganic matter it contained, together with practically all of the iron, 
: nd at the same time the amount of the mineral matter was reduced 
‘eaching in its. total by one part per million. The actual amount of iron 
has per Bad in this sample is 0.0140 part per hundred thousand, while its 7 


on part 


ood is ardness (Clark? S) is 4.54 per hundred thousand. | 


J 
Unfortunately, “the Government did not r report. the analysis of 


int of a i Water as | it came from the wells, but another analysis, made at ~~ 


to =| time, showed the total iron to be s six gi per million. 
‘dinarly Before the receipt of the analysi 
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er ry. requested that another sample be taken by the Government for analysis, 
_ they believing that a still higher efficiency could be shown by increas- — 
the lime to such a a that the filtered would react 


“Total solids : Treated water, 49.50. 82.50 per 
“Chemist n che 
E 


xperience ‘ait this plant wna that the lime treatment, | 


installed as described, is 3 cheaper than any other process, not excepting 
aeration. To be sure, an air-lift is used in conjunction with this plant, — 
but that is only for 6 hours per day, and, during the remaining time, 
ag the well flows and there is no aeration of the incoming water, “the | 
result being obtained by the lime alone 


oe _ When it is considered t that this plant has no skilled supervision, but 


is run by employees whose sole duty (with regard 1 to the plant) is to 
wash the filters twice a week, and slake and discharge into the saturator 
a few bushels of lime; ; and, also, that the p plant always maintains an ie 
Bt almost total reduction of the iron content, this method of deferrization _ 
is y worthy of notice. . Those v who have tried to introduce’ clay or milk 
of lime into water with any degree of accuracy kn know what a difficult 


and ‘unsatisfactory p: proceeding that 

Taking the caperionce at Heading, -yeports state that the water 

was hardened very considerably y. On ee other hand, the Fort Hancock - 
plant showed virtually no change in the hardness, except on the occa-— 
sion of the second analysis, when the lime was increased to a point 

at which softening began; but then, instead of increasing the total 
"content of the water, there was a a reduction | of nearly 50% in the — 
its Referring to aerating towers of coke or other substances, it seems, 
from the knowledge at hand, that “elevating the. water and. “cleaning 
such towers, to say nothing of the ‘interest on the investment, would 

make the cost greater than treatment by lime, a ind there can be 
ws doubt that a lime- treated water will contain far Secs fees than one 


s* 


To carry the matter further, it even seems ‘that some of the abnor- 


j successfully by the lime process, followed by subsequent filtra-_ 
7 _ tion ion. A slight excess of lime : applied to a water containing a large 


"AP 


amount of humus is a most energetic ‘coagulant, and it certainly should | 


be far more effective than the > present methods. 


a ‘The only objection that the writer can see to the use of - is in 
uncertain methods | by which it has been been applied in > past. An 
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excess of lime, under ordinary conditions, is ea unpleasant feature, Mr. Terry. 
_ but when applied in the manner described, an excess is an peli — _ 


if the plant is designed properly. _ The worst that could occur would 
bes a deficiency due to inattention of the operative | in not placing 


excellent paper will doubtless | prove of great esis to all engineers aa 
engaged in 1 installation and operation of public water supplies. 
The information contained tends to make clear many of the problems a 
a in | the search for an economical water supply of satisfac-_ 
tory quality. — The question of approval of ground-waters has been | 
¢ frequently referred to the Ohio State Board of Health, and the writer : 
has made many examinations of water from ground sources, waters 


which have contained frequently s such large quantities of iron | as to be 


unsatisfactory for domestic use without purification. 
the M WwW est. ‘it t it is frequently necessary f for engineer t to 


judge between the advan antages- of supply from ground | sources 
cne of purified surface- water. ie: While the former is frequently ‘clear 
and potable, it is sometimes so objectionably hard that a surface-water 
would be more desirable. The double cost of pumping, generally neces- — 
‘sary with ground-water ‘sometimes makes the cost of 
less than that of a filtered surface-water only to the extent of the cost — 

for a coagulant necessary when the water is purified with mechanical _ 

filters. ee The costs of construction shown by Mr. Weston in Fig. 1 are 
ridently based on slow sand filters. average cost of thirteen 


7 mechanical filter | plants of varying capacities in Ohio, including an 
Service pumps, coagulation a and sedimentation basins, filters, and clear - 
wells, i is about $14 000 per - million gallons, v while the cost of operating _ 
the purification devices averages about $6 per million gallons. — These 
figures show that the ‘cost of securing a filtered water supply of ‘surface 
: 7 origin is frequently not much greater than that necessary to procure 
satisfactory ground- water. Moreover, the latter is frequently so_ 
aning that the total expense to the consumer is considerably greater 
‘ ‘than i is the case with the softer surface- water. 7 Cases are not infrequent. ae 
a ground- water ‘supply has become « dangerously polluted without 
4 the knowledge of the operator until a considerable quantity of badly 2 
polluted water has been. pumped to the consumers. In the writer’ 


opinion, such conditions are very rare with a well- constructed — and 


. One feature relative to the distribution of iron- -bearing waters: is a 
= touched upon by Mr. Weston, and that is the gr great variation in 


the quantity of iron in water from different strate i in the same locality. 

The writer has i in mind, especially, ‘two © wells at Newton Falls, Ohio, 

&g - ne 58 ft. . deep » containing. 3.0 parts of iron per million, and the other, 
‘ft. _ deep, and containing 20.0 parts of iron te 
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that it will hardly. serve as a ‘reference engineers who have 
a to study the problem | of the purification of a specific ground-water. 


variations in the character of the water to be treated, doubtless account 


: = scarcity of the e data. on such | plants in America and the ei | 


presented i in order to show what has actually been accomplished by 
-iron-removal plants at Garrettsville and at Shelby, Ohio. 


for the absence of more - specific statements. The following data are 


4 water supply for Garrettsville is derived ‘from ten 
wells varying in depth trode 41 to 70 ft.; also from a shallow dug well — 7 


flowing spring. wells and spring are in a ravine just abo 
the confluence of two small streams. The wells pierce, first, a layer 
of yellow. clay of varying depth, ‘and “a, a layer of white sand- 
stone ‘rock, | from 40 to 60 ft. in depth and of nearly pure silicious. 
material. > The lower 8 ft. of the sandstone strata are of a conglomerate 


nature and comprise the water- bearing material from which all the 


wells derive he w ater is of generally about 20 D 


of a low- service force main. It i is 4 ft. in diameter and approximately 
+5 ft. above the level of the water in the basin. When the plant is in 

<] operation, water from the wells is lifted by the low- “service pump, and, © 


the ‘point: of discharge into the basin, falls back on this umbrella- 


end device which breaks it up into a fine spray. The sedimentation 
basin is divided into four compartments, about 12 ft. square and 
deep. Its total capacity is 39000 gal. he filter is of the gravity 

and is a rectangular concrete tank with ra total area 


4 


of 96 sq. ft. ‘The filtering material comprises 12 in. of graded gravel 


and 36 in. of sand of about 0.3 mm. effective size. Sg fadecaielal 

‘During a ‘recent “inspection by ‘the writer, the -eonsumption at 
arrettsville Ww as about 2% 000 00 gal. daily and the rate of pumping on 

low service about 2000 gal. pe per hour. - ‘This g gives a ‘period of sedi- 

mentation of hours a rate of filtration of 


a on every 3 ‘months, and it is is “found ‘that practically all ‘the 
_— sludge accumulates in the first | compartment, where there is. generally 
deposit about 1.5 in. depth. Every” 3 days: it is necessary to 
— back-flush the filter, which is is accomplished by applying filtered w ater 
from the reservoir. Washing is accomplished i in about 10 min., and 
requires about 15 000 to about 
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The consumers appear to be e very well satisfied \ with the quality Mr Mr. r. Burgess. 4 
of ‘the water at and the plant is operated without difficulty, but at con-. a 


“siderable excess cost to the unusually large quantity of wash: 
water necessary. could be reduced by i improving the washing 

The water supply for Shelby, Ohio, is obtained from ten 6-in. ra 
wells” in the alluvial plain bordering Black Fork Creek. The wells a 


in to 60 ft., and are from 200 to 300 tated: 


“The of. the is but it is that 
the slate, and s ‘sandstone are both thin, The fact that leaves and 

twigs were found in some of the wells at considerable depths indicates _ - 
that, in prehistoric 1 times, | the ground from which the water is a 


During pumping, water generally stands i in the wells about 19 ft. 
: below the surface of the ground, and it was not lowered during the 
recent exceptionally dry spell. This would indicate that the water - 
is derived from ground sources, and not from the creek. Although 

_ objectionably hard, the water is of generally satisfactory quality for 
domestic use, except that its iron content is 6. 6 parts per million. As 
‘The water was used without ‘purification - for eight years, but con- 
trouble was. caused by t the ‘precipitation of the iron the 


and a purification. plant w built in 1905 5. This plant 


rae 


ely 


in “erating tank is of steel, 120 ft. hig h, and 8 ft. in “a is 
nd, [placed concentrically w ithin the old stand- -pipe, which is 130 ft. high | a 
Ma- and 16 ft. in diameter. In the top of ‘the t ank are provided steel 
(ion plates perforated with 1-in . holes 2 in. apart. The plates are 2 ft. 
apart, stagger ed, and each covers one- half the cross-section ‘of t the 
vity tank, so that the actual distance between the plates i is4 ft 
area The ‘filters are horizontal steel tanks, 24 24 ft. long and 8 in 
ray el i diameter. In the bottom is a collecting s sy stem, above which is placed a : 
18 in. of screened gravel and 18 in. of crushed quartz sand. The 
n at latter will all p ‘pass through 1 a screen of 16 ‘meshes pe per inch and be 4 
on retained on a screen of 30 meshes per inch. Its effective size is 4 
proxi- The present daily consumption at at Shelby varies 250 000 
ae | 300 000 gal. Water from the filters is pumped directly into the mains, : 
1 the | and the plant is operated 24 hours. The force main from the low- 


erally : Service pump is carried up inside the outer compartment of the stand- 


ary to pipe and discharges into the aerating tank, in which the water is 
water maintained at least 10 ft. below the top. ‘The aerated water 

7” and flows by gravity ‘through | the filters, a and is ‘pumped into the mains, 

of the The aver: age period of sedimentation in the tanks is about sa hours, 


and the filters are. operated at about 30 000 000 gal. per acre | per day. 
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Mr. Burgess. ey are washed once a week, using rom 00 to 40000 gal. of t 
water. ~The - ‘initial and maximum head are 2 and 6 lb., 
~The stand- -pipe is flushed out about once a month, but. 


On ‘January 14th, 1909, the writer, in company with “Mr. 0. F. Long, 


of the Laboratory Department, made an. examination of the Shelby 
plant. ‘During this examination it w as the purpose, as far as possible, | 
‘to make the necessar ry analyses i in the field. _ The temperature, turbid- 
ity, color, dissolved oxygen, , alkalinity, iron, oxygen consumed, and | 
total bacterial content were determined at the plant, while the other 
analyses shown in Table 19 were determined on samples shipped to the 
laboratory of the State Board of Health. _ The examination covered 
18 hours’ operation 1 of the plant, but indicated little variation in the 
character of the water at the several sampling points, 


TABLE 19.—Resuuts oF ANALYSES OF » 


(arts. per Million.) 


filter. In mains. 


4 water. 


Temperature, in degress, centigrade, 


Turbidity 
— 


Dissolved oxygen 
(Parts per million) 
Percentage saturated.... 


Loss on ignition 

Total iron Fe) 
“Magnesium 
Chlorine 


Free N NH, 
Alb. NH, 
Nitrites. 


N itrates. 


‘The of the raw water indicate that it was hard, 0 
high iron content, and contained no dissolved oxyge ; its free 00, 


- free ammonia, and oxygen 1 consumed were all high, while ‘nitrates wer f 


absent. The water was practically sterile. 

— The analyses of the aerated water indicate a considerable change 

_ by aeration, notably the increase in turbidity due to the oxidized iron; 

of considerable free CO, displaced by dissolved oxygev' 

and a reduction in alkalinity. total i iron content was not reduced 
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‘most “of. the suspended iron, so thet the final product contained but 
0.85 part per million. The color determinations indicate that the 
residual iron was in suspension. — The samples from the mains indicate 
4 1 further reduction, or iron sufficient cause 


of -finer- sand having an effective size of 0.3 mm. 
I general it may be said, however, that the purification devices have : 
served to eliminate the e objectionable features so 


An point out by the an is the 
aes of alkalinity by the aeration of the water and the oxidation > 
of the iron, a fact which tends to show that the latter is present in 
the form of a carbonate. There is also a reduction of free 


ae 

no "nitrates. Further the 


sources, it is be that ground- waters in the ‘Middle 
are usually hard and, from this standpoint, objectionable. Methods = 
of water filtration for the removal of suspended matters and bacteria 
have reached such a 1 state of efficiency that, ordinarily, it is feasible a 


and economical to consider thoroughly the use of supply, 


‘om 
particularly true where frie surface- water is and the ground: 
small increase charges incidental to the 


is forcible wheve is ‘necessary, and, 
deciding on the use of a hard, ferruginous ground-water, all reasonable , 
‘means should be investigated - for ‘obtaining a softer from sur- 
hard, of The presence of iron in _ground- waters often prevents their as 
ce C0, Sources of water supply, unless means be provided for removing the ha. 
tes wet and t 1 to this important Mr. Weston has" certainly 
change writer was: at one in studying the water 
ved Reading, Mass. under the direction of Mr. W. Clark, where the 
oxygels difficulty encountered in removing the iron w as attributed, not 
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Mr. Kimberly. . much to the presence | of org anic matter, as to the fact that the iron 


oh) : was present in the form of a . sulphate, or, more correctly, was accom- 


panied - by the sulphate radical, SO,, rather than by t the carbonate 


CO, this fact was. ascribed the greater ease of iron 
i ‘eae by aeration possible in the cases of the Provincetown and the 


adical, 


It is interesting to ‘note that it is not the n nature of ‘the acid 
but the presence of organic m: ater, as Mr. Weston’s researches clearly 


show, which prevents the precipitation of the iron after it has been 


_ As is well known, the removs - of clayey m matters in ‘suspe nsion is 
y readily accomplished i in water- filtration practice by ‘sulphate of alumina. 7 


‘use of a clay-bearing, g, -ferruginous water as a precipitant for 


domestic e sewage, as at Hanley, E ngland, suggests several interesting 

Ohio experienes: 


7 he sewage of Sebring, a volume about 4 46 000 gal, in 2 24 


in an abandoned coal mine. ‘Ih i“ weather, the creek aes at “td 
rate of about 28 000 gal. in 24 hours. _ The crude sewage is essentially 
domestic, is ordin arily weak, and contains a 1 predominance of sink © 
wastes and soapy matters. e Sulphur Creek water is an acid mine 
waste which contains free soleuneall acid, very large quantities of iron, . 
high sulphates, and other constitutents peculiar to mine drainage. 
Analyses of the Sebring s sewage ‘and of the ‘Sulphur ‘Creek water are 
given in Table 20,000 
About| 150 ft. below confluence of two streams, marked 
coagulation i is visible. The velocity of the current is very slight, and, 
for a mile or more from the point of confluence, the. strean 
tically basin under continuous" operation. 
outlet, one mile below the confluence, the supernatant -water shows 
practically no turbidity and, besides being substantially free from 
tron and free acid, contains but little evidence of the marked organic 


bottom of the strenm, however, is a mass of putrefying sludge 


with a slight ‘surface coating of ferric ‘a mass 
of black, nauseating , and foul deposit. These conditions are illustr: ted 

in Table 20. | They, indicate the effect of semi-colloidal sewage wpon 

- the iron present in mine wastes, and are another example of the 
deferrization of g ound-waters by means | of colloids. 

Several illustrations of the use of. negative ly: -charged clay. 


particles hastening coagulation oceur the writer. At W arren, 


ate ‘the wooden tub type, and, at times, the turbidity of the raw water is 
so slight that clay i is used to start the coagulation. At Newark, Ohio,* 


* See forthcoming of Ohio State Beard of Health on Water and Sewage Puvrifica- 


Ohio,* the Mahoning River water is purified by mechanical filter: sof — 
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during water “derived chiefly from the Mr. Kimberly. 
ground, and is so free from turbidity + that it cannot be coagulated with 
sulphate of alumina na unless 3 clay be used. Clay has also been used at 


Harrisburg, Pa.* ‘and Ithaca, N. Yt to assist in obtaining a a satis- ae 
factory under certain conditions of the raw water. 


AB E 20 —ANAL YSES OF SE WAGE AND SuLPHUR CREEK ABOVE 
| aT Ports Betow Tueir CoNnFLUENCE, 


THE Pre CIPITATION OF Tron- ‘Be BEARING W. AT \TERS- BY MATTeR. 


Sebring sewage 
150 ft. below confluence. 
below 


Free Ammonia. 


Centimeter. 


Cubic 


Bacteria per 


Nitrogen as 
Dissolved 
Oxygen. 
Iron 


é 
4 


A 


or 


40° 

2 

Free sulphuric acid present. + Incrustants. 


The of i iron remové al is of “special significance and 

a tance in connection with problems of water supply for small \ villages. 
. 

_ t Recognizing the allowable limit of 0.5 part per million of iron in <« 


ke 


potable water, what means are available and ‘should be recommended 


for removing iron from ground- waters when present in objectionable 


In reviewing the foreign and domestic deferrization plants, as. 
described 1 by Mr. We eston, it is apparent that there are several dis- 


Aerators tanks and open filters (mechanical or 


Aerators and pressure filters; 
pumps, head tank, pressure filters, clear well or ect 


Avail: ible. evidence as to the best practice in the design of -defer- 


rization plants appears to be somewhat fragmentary, ¢ and it is apparent 
from Mr. _Weston’s paper that the design depends primarily on the 


character of the raw water, which ‘should be carefully investigated. it 
is. obvious that. aerating devices and pressure filters which, i in the 


absence of matter, are ‘successful in removing the iron with 


*Harrisburg. Re f 
ment, 1907, p. oport of of of the Water and Lighting Depart 


_ +8 


‘Operating of he’ We ‘Purification Plant: at Ithaca, New York,” The 
gineering Record, Vol. 57, 1908, Pp. 6738. 
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Mr. Kim! show somewhat high operating costs, owing 
; to the heavy loss of head necessary and the large volume of wash- 
water ‘required. It would appear from Mr. Weston’s theoretical 
_ cussion that, at times, aeration alone will not suffice to effect the pre: | 
_ cipitation of the oxidized i iron, owing to the colloidal form of the ferric f 
- hy rate; nor will aeration, sedimentation, and open ‘sand filters, when 
organic matter is present. It appears, therefore, that the pee plan | 


always feasible ‘(except for x water similar to that at Reading, Mass.) | 


? 


iron is effected ordinarily by a combination of chemical oxidation and 
separation induced by the adsorptive effect of the ferric 


account roughing filters appear favorable as 
the load | on the finishing filters, and doubtless would take the place 
of an aerating tower, particularly if the water be raised by an air-lift 


purification of such waters is important subject, and has been 


reduction, but with the theory and practice of the iron-removal 
cesses in use in n Europe and America,” "still there are so many water 


simplest and least refractory ones to be ‘treated, that the ‘coon 
‘might well include processes — which will soften the water and remove, 
as well, other impurities far more serious than iron and manganese. — 
Along» the Southern Atlantic and also along the Gulf Coast, » wel: 
waters containing iron are for the most part also hard. ‘This is also 


of many other well- waters throughout the In In Wester 


“many of the supplies specifically ‘mentioned by the author. Fe 
instance, supply at McKeesport, at times as” ‘much 
a parts per million of iron, whereas the ‘supply at Worms contaits 

9.5; Reading, Mass. (November, 1891, highest), 13.3; Berlin, 14 
New Orleans, 3. 2; Provincetown, Mass.,3.6. 
There is no doubt whatever that for certain classes of watet, 
including those which are naturally soft , the method described ant 
the author will Prove > the ¢ cheapest best; but 


hydrate previously precipitated | ‘upon the filtering medium. On this 4 


In such cases pressure or open ‘mechanical filters are’ to be considered, 


not slow sand filters, 

Pete. ALEXANDER Porr ER, Assoc. M. AM. Soo. (by letter).—The 

author has made an exhaustive and valuable research. The presence Fe 


of iron and manganese in -waters is established. 


= fully in this paper. = Although the author states that the » paper 3 
not concern. itself with methods of water- “softening or alkal 


a combination of aerators and pressure filters, or aerators roughing | 
filters, and | pressure filters. other words, the precipitation of the | ‘ 


Was | 


ment 


by ea 
gener 
preciy 
alumi 
sions 
deficic 
when 


to a 


could 
and : 


and a 


zz 
Pap 
the 
grou 
have 
m eX 
— 
the 
the: 
— 
— rath« 
— 
prese 
= 
— 
tom 
— 7 
— 
_ 
caleiu: 
f consid 
— of the 
— 
m the 


the cost of the ‘filtration of river” waters and the deferrization of Mr. Potter. 


ground-waters, with the actual cost of water-softening plants which 
have come within the writer’s observation, would indicate that water-— 
softening processes can n be installed oftentimes with very little more 
~ expense than for a plant constructed simply for the deferrization of 

+ the Ww ater; with the added advantage of giving a ‘greater | return upon 
i ‘the i investment and producing a water which is much - more satisfactory 


for all here the water is hard and ferruginous, there i 


than one simply for deferrization. 


The water of the Youghiogheny River perhaps | contains more iron 


ferric 
n this 


tening 
that of any other river in that part of the country, y, and it is 
ilift . present i in solution as sulphates ; but the amount of i iron in the river 


of the operations of plant, a part of the | 
supply for McKeesport. The sulphate hardness, t both i iron and calcium, 
|—*" F) was so great at times as to warrant the abandonment of the ground- 


water supply altogether, especially as the geological formation in the 
vicinity of the water-supply station indicated possibilities of ‘pollution 

| The presence of the salts of iron in such waters as the Youghiogheny 


i is of great benefit in the softening process, for when acted upon either 
val 


r S by carbonate of soda or hydrate of lime (the two constituents most 4 
generally us ‘in water- -softening processes), the hydrate of iron is 


att precipitated. Because of its flocculent nature, this and the hydrate of 

uminum, make the best coagulating agents known. On several occa- 
pee sions during the testing of the McKeesport softening plant, the 
wh deficienc of carbonate of soda and hydrate of lime, the period 

AS 


Jester! 

W cin : B could not be e e precipitated, no matter how long the period of settlement, 

wibles al 4 and they passed through the mechanical filters unchanged. . These i iron 
am | ind aluminum salts have also the well-known action of rendering the 

calcium carbonate (left in the water as a result of treatment) less 

An added reason why water-softening should receive more general 


3 contaits consideration in the discussion of ground- water “supplies, i is the value 
the ; settling tanks in the removal of bacteria. Analyses at McKees- 
port show that settling tank is performing the bulk of the work. 
A test made on January 25th, 1909, gave 13 000 bacteria per cu. cm. 


in Taw and i in the filtered water per cu. em, the total 


on 
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the |) Without _attempting softening, and_the supply is thus improved, 
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pIscUSSION 0? PURIFICATION OF GROUND-WATERS [Papers, 

Mr. Potter. 1909, a test showed that with a bacterial count of 5 000 per cu. em. in 
_ — the raw water, the settling basin effluent contained 90 per cu. cm, 
a _ while the filtered water was sterile. This gives an efficiency of 98.2% 


for the settling tank and 100% for the entire plant. 
‘These are representative tests. The plant has been in operation for 
nearly four months, having been started before its full completion 


_ because of the terrible condition of the raw water in October, 1908. _ 
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OF DEC EASED “MEMBERS. 


Nore. —Memoirs will i mes in the volumes of Transactions. Any ies 
which will amplify the records as here printed, or correct any errors, should be be forwar arded P 
to the Secretary prior to the final publication. 


WILLIAM BEVERLY CHASE, M. Am. Soc. 
“Diep OcroBer 26TH, 1908. 


William Beverly Chase, the son of Levi W. and Harriet Vining 
Chase, was born in Marengo, Morrow County, Ohio, on November 21st, 
1852. His family was of Colonial ancestry, grandfather, 
Beverly Chase, having served as a New York Militiaman in the | War 
His father was an master builder ‘of the old 
and, in his early years, the son lived i in the atmosphere of the builder © 
and the artist and became acquainted with the use of the 
His” early” education was secured in high schools provided in 
the Central Ohio towns of that period, and has been described as 
“consisting mainly in digging out things for himself,” and, to his praise © - 
be it said, that during his after life he made most successful use of the 
early manhood he removed ‘hil parents to Southwestern 
Minnesota, , where for five years he was engaged in surveys and 
- acquiring practical experience , in the design and construction of rail- 
In 1877 Mr. Chase removed to Oregon, and for more than thirty. 
was identified with the growth and development of that 
For the» first three years he was occupied with map work, and was 
cin the employ of local bridge builders, but, in 1880, his opportunity _ 
_ came with the construction of the Northern Pacific Railroad, surveys — 
for which were then i in progress. _ Beginning as a Topographer for aan 
field party, he was soon at Headquarters in Portland preparing a 
and plans for the large number of structures required for the Western 


Divisions of under tho charge of V. G. Bogue, 
From 1884 to 1885, he was Engineer of Bridges for the gh andl 
‘Pacific Railroad, a line crossing from the Coast through the Western 
portion of the State, of which the late Isaac W. Smith, M. Am. Soc. 
E., Chief Engineer. From 1885 to 1890 he was engaged 
“hydraulic: a1 and sanitary st surveys and work and in bridge construction 


2 foe ee State, among which were Corvallis and 
1891 Chase made surveys and for a sewer system 
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-MEMOIR OF WILLIAM BEVERLY 


for East Portland, and, from. 1891 to 1895, he was Engineer of — 
Portland Bridge Commission, during which time he con- 
5 structed the Burnside Street Bridge, crossing the Willamette River, 
— costing $300 000, and a steam ferry-boat for North Portland . From 1894 
to 1896 he ‘was engaged in general practice, while from 1896 to 1902 
he was in the service of the City, first as” ‘Superintendent ‘of Streets” 
and later as City Engineer, retaining the latter position until, by a 


change in political parties, the wing ‘with which he had allied himself 7 


During all Qk een and until his last illness, he continued to 
: oz as Consulting Engineer for the ) County Commissioners, who under 
: the law are charged with the duty of maintaining all the bridges and 
ferries crossing the Willamette within the City limits. After the 
retirement from the service of the City, he was engaged in 
‘surveys and designs for various towns for water ‘supply, street pave: 


‘ments, ete., the Towns of Astoria, Corvallis, -MeMinnville, Rainier, 


and Tillemock, Oregon, ‘and North Yakima, Washington, being among 
the places which he served acceptably. 
ie ‘It was while engaged i in making an examination of a water-supply 
project for the Town of MeMinnville, in July, 1908, that Mr. Chase 
suffered a severe paralytic stroke from which he never recovered, being 
—— eonfined to his bed from that time until his death, which occurred 


= ia. — 26th, , 1908, at the Good Samaritan Hospital, Portland. =f 


Mr. "Chase » was known as a genial gentleman and a man of recog- 

“nised ability and worth. He was a Christian, from early life, and 
_ Ithough not dem onstrative he was ever knov a loyal orter 
although no 0 s ever known as a loya supp 
of all things that make for that “ ‘righteousness which _exalteth the 

one nation.” | He ws was long connected with the Centenary Methodist Episcopal 
a “ “ Church of Portland, Oregon, and by his loyalty and steadfastness was 
largely instrumental in sustaining it during a critical - period of its 
history. _ His zeal in the service of his church was his by euamaae 
1884 Mr. Chase was 1s married to Georgia Parker of 
Oregon. The death of his wife in 1894, leaving him with | their 
family of three little daughters, and the care of his aged father, greatly 
ao modified Mr. Chase’s | purposes and efforts in. his profession, obliging 


him to put aside congenial opportunities. offering exercise of his 
ee: eer energies in wider fields, but t through a all his life he was an inspiring - 
e a, example of what may “a accomplished alone, following a natural bent, 
supplemented by faithful application and courage. J. 

_ Mr. Chase is survived by two daughters, Misses Marion and Jessie 
wt Cm of Portland, Oregon, and by a heotinn » the Rev. Charles E. 
Chase, « of San Francisco, and a sister, Mrs. Lucia C. Bell, of Fruitvale, 


_ Mr. Chase was elected a Member of leant American Society ty of Geel 


on September 6th, 1899. 


‘ 


(168 
— 
— 
— 
iy 
— 
— 
| 
— 
— 
4 
I 
4 
4 
ae 
— 
— 


4 


_ MARCH, 1909. 


AMERICAN SOCIETY OF CIVIL ENGINEERS SS 


INSTITUTED 1852 


jociety is not responsible, asa body, for the facts and opinions advanced — 


The Sewer of San and a Solution of the Storm-Water Flow 
yeing C. E. GRUNsKY, M. Am. Soc. C. 
arred The Design of Elevated Tanks and Stand- Pipes. 
_ By C. W. Bircu-Norp, Assoc, M. Am. Soc. C. E.. 261 


By Myron 8. Assoc. M. Am. Soc. C. E.. 267 


“Nickel-Steel Eye- Bars for Blackwell's Island Bi Bridge. 

By Wittram R. WEBSTER, M. Am. Soc. C. E. 26 


3S 

.  Theod 


By Messrs. F. RoBert Brewster STaNTon, and WILLIAM J. BoucHER... 289 


itanc The Bonding « of Newt to Old Concrete. 


By Mzssrs, H. R. BuRRovUGHS, ‘THEODORE BELZNER, and d James L. L. Davis. 


a, 
storia, The Action of Frost on Cement and Cement Mortar, ‘Together with Other caput i- 
greatly By WILLIAM Mayo VENABLE, HERBERT W. ond. JOHN C. W AIT. 200 
of his" 3 JosepH MARSHALL Granam, M. Am. Soc. C. E 
spiring CLinton GLENCAIRN WELLs, ASSOC. M. Am. Soc. C. E.. 


Jessie 
arl es E. 

muitvale, 


ta No. 3. | 

. a Vol. XXX 

— 

; 

— 

4 

; 

PAPERS AND piscy 

dr 

This § — 

ng j = 

if 

— 

= — 

eco: 

‘4 

— 

ak 

— 

Z be 

— 

Plate 1x, Plan of Part of San Francisco, Showing North Point Main Relief- utlet f 


PAPERS AND DISCUSSIONS. 


This Society is not responsible, as a body, for the facts and opinions advanced 


_ in any of its publications. 


THE SEWER SYSTEM OF SAN FRANCISCO, 
A SOLUTION OF THE 
TORM WATER FLOW PROBLEM. 


Gaunexy, ‘M. Am. Soc. C. EL 
To >) BE PRESENTED May 197H, 1909. 


aper ought ‘to “have been written and presented to ‘the 


ago. is n ow offered in order ‘that 


4 
ond may be made of the steps taken by San Francisco to 


er t the primitive conditions which have been maintained there too. 
ia and to to call attention to a | novel solution | of the storm- water flow 


‘problem which is an n outgrowth h of ho study of ‘San Francisco 


The writer was a member of the “Beard of Engineers’ of 1892-93, 
generally ‘referred to as the ‘Sewerage | Commission ; ; he was one of of the 


two ‘Engineers in Charge to >» devise and provide a. sewer system for 
San Francisco,’ of 1893; he y was in 1899 the ‘Engineer in 1 Charge, with 
- two associates, , of the design of the sewerage ‘system, which, with n minor 
‘modifications, is now being carried ‘out, and he was for more than 
4 years, 1900- 04, 4, City Engineer of San ‘Francisco, in which capacity 
he revised and re-submitted the plans of the sewer system, recast the 


_‘Nors. —tThese papers are issued before the date set for presentation p= ais- 
cussion. Correspondence is invited from those who cannot be present at the 
ae meeting, and may be sent by mail to the Secretary. Discussion, either oral of — 

written, will be published in a subsequent number of Proceedings, and, whe 
a - finally closed, the — with discussion on in full, will vill be es in Transactions. 
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THE SEWER SYSTEM OF SAN FRANCISCO 


an 


cost estimate thereof, and, as funds directed con 


=. tion of the first elements of the new system. 


TopocraPHic FEaTurREs. 


San ‘Franeiseo covers the e entire northerly portion of 


a peninsula 


in which : a spur of the Coast Range, c coming up from: the south between 
Francisco Bay and the | Pacific, ‘terminates. city is irregu- 

7 larly square in outline. On the west is the Pacific Ocean; on the north, 

_ : the « ocean, , the Golden ‘Gate, and the bay; on the east, the bay; and on 


_ the south, Marin County, from which San Francisco i ‘is separated by an an 


ar OC 


east and west line extending from the bay to the ocean. an, i 
‘The area of of ‘the city is about 80 000 acres, of which h about: one- 


third is” built-u “up territory. T ‘The he built- -up section covers the -north- 


7 eastern ‘quadrant of the city, and extends, i inl long narrow yw strips, west: 

ward, in the northern half of ¢ the city, to the ocean , and uta 


along such principal lines of travel as the San Bruno “and Mission 

Roads to the County line. Within recent years the growth of the 


section on the ocean slope, particularly the 1 region just south of 


Golden Gate Park, has been rapid. 


‘The highest point in the city is practically i in the city’ 8 geographical 
- enter. Here are the Twin Peaks which 1 rise e to an altitude of a little 
ae 900 ft. A short distance to the northwest of Twin Peaks 
i Blue Mountain, with a summit at practically th the "same ame height. 
aa The ridge which divides the « city into two slopes, on one easterly toward 
the bay, the other 1 westerly toward the ocean, enters ‘the eity from the 


south, a little west of a media an line 


est | n line, and holds a fairly direct nee 


a course to to a termination at For t Point. The lowest points on this 
ridge: are more than 200 ft. high. Before ‘the recent completion of t the 


bay shore eut- off, by ‘the Southem Pacific Company, its main Tine of e of 

“railroad into the city crossed th this ridge from east to just, south 

ck over it from west 


ortio: city Parts of "Golde 
1 Gate Park a and the Richmond District lie upon | ‘the : fat top of this ridge 


* northward from the Twin Peaks group of hills. 
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The prineipal s spurs rs within the city, from this peninsula backbone, 
which subdivide the eastern or bay slope, are, in their order from 
south to north: : Hunter’s Point ridge, terminating in : 
extends far out ie the waters of the bay in the southeaste 
of the city (south of this spu ur two small openi 
» of which the peareenanny Visitacion Valley, lies in part ir 


San an Mateo County) ; Bernal ‘Heights, “between two branches 


Islais Creek ; ‘the Potrero Hills, which” are barely connected with the 


main ridge by, a slight s swell in ‘the ground; and the northern ridge, = 


terminating in ‘Russian and Telegraph I Hills on northeastern bay 


he western, water- shed or ocean slope As subdivided, by flat- t 
wei 


‘topped Ocean House ridge and the Point Lobos spur, into 


‘drainage basins, of which the northernmost is by Lobos 


Creek; the s second embraces a region of drifting sand dunes extending 


well | up on the western slope of the central group of hills; . and the i) 


‘third is the northern ‘part ¢ of the w water- shed ¢ of Merced Lake. 

of the hills near Point Lobos are more than 300 ft. t. high; hs 
‘the Fort Point ridge, within the Presidio, has a height o of more than "i 
400 ft.; the Presidio Heights, near ear where the” northern ridge leaves 
the ‘main ridge, greatest elevations of 300 to 380 ft.; 4 ; Lafayette 
ith of Sere rises to a height of 3380 ft. Clay Street Hill is 360 ft. high; 
Russian Hill, 370 ft., and Telegraph Hill, more than 290 ft. The 
lowest point. on the spur which extends northwesterly from 


. litle “Hill and | terminates at at Black k Point i is about 90 ft. high. On the Potrero 


‘Hills are are ‘points nearly 340 340 ) ft. high, and on the Point ridge 


ission 
of the 


several hills more 250 ft Railroad Avenue crosses this 
hunt 5 ridge at an elevation of 60 ft., and San Bruno Road at the same dur _ 
> tion. ‘The spur which extends eastward from the main ridge south o  . = 
: the Hunter’ s Point ridge near the south line of San ‘Francisco, leaves 
m: main ridge with an @evetion of 550 ft. ridge separates Bay 
of ‘ iew alley from Visitacion Valley. It i is crossed by the San Bruno 
ine 


at an. elevation of 140 ft, and terminates with hill the to 
st which is 400 ft. high, 


Bernal Heights rise to 490 ‘ft.; Buena Vis ta Park is 


nearly 520, and Lone Mountain, nearly 480 ft. high. 
etween the several Fidges or ‘Spurs of hills just lie 


‘Valleys or broad fl 


om ¥ west 
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THE SEWER SYSTEM OF SAN 

oom slope water r-shed a south a the Point Lobos ridge has no well- 7 

“defined line of drainage. Trregular sand dumes, formed of sand blown 
eastward f a broad broken slope to the 

ocean. . of the been -earried over the “main 


peninsula ridge just north of the central gre group of hills, and, sep 


Sand ( blown from the bay beach lying on the 
northern front of the city the w estward of Black Point. Che great 

dunes, now in ‘remnants , that were formerly at 


Wh here sand has thus over ions of the site of the city 


the waters 
to the x marginal strips of land and mud. a. Where the natural 


‘surface of the ne city is not « cov overed by sand a clay soil predominates. 
the hills a shaly or serpentine rock is frequently into when 


trenching for sewers, gas, or water pipes. 


The northern 


r shore of the city in original condition 
was heat indented by of the bay. __ These have in part been 
filled in. “The: of these filled-i areas is the f former 


erba. Buena ‘Bay, which gave the original name to San Franciseo. 


7 his extended as. far west as Montgomery Street enh d from the 1 base of 


Telegraph’ Hill ‘ie. to the Rincon. Hill region on the south, 
z Bay, too, has been cut off and ‘filled a “9 ‘he extent of ‘this 


filling will be appreciated when it is 5 stated that here, over an ar a of 


= about Lesa ) acres, all official street grades are re at City B ase (6. Tf ft. above 


Creek, south of ‘the Potrero Hills, opens to the bay 
broad ‘marsh lands ar and mud flats, 500° acres which within” the 
limits. It is in fully ¢ two “miles inland, offei al 


OW as 


ea of 700 to 800 acres within 


the bay 


which will probably | some 
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i to Mission Bay. In smaller quantity, some sand has also been carried | 
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~ 
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co 


“front of city ‘the tidal area bay surfe ace 


t have been | or that ultimately will be cut off from | oe by the 
stablished seawall line aggregate. about 270 acres. 


total area of originally salt- marsh lands and 
3 eta boundaries of San Francisco is nearly 2000 ac res. 


rhe built- -up or improved sections of San Francisco fall naturally - 


into districts of | two characters 
city on sloping ground, hillsides, and hill- -tops, » at such elevations that 


t 


an be readily ‘drained by gravity flow; the other embracing 


one class embracing portions of the 


the the low flat areas for which it is difficult or impossible to provide satis- 
rea factor sewage collection. without recourse to pumping. © | The sev eral 

y sewagt pumping. ' 

y at districts of each class, as the foregoing « description of the topography 

east indicates, do not. lie contiguo ruous to each other. The “drainay re and 

* sewerage problem is thus rendered much more complex than if. there” 
ety | were only o one instead of m many drainage basins. 

ched W ‘ater-shed Areas.—The extent of the : several water- sheds, the run- — 
body | __ off waters of which are ‘to _ be cared for was in 1893 estimated as follows: 

— 
Jition Precita Creek -water- 
“en Mission B: ay wa 

Yerba Buena 1B ay water-s 

North Bea w shed... 

Washerwoman’s Bay wa 
Presidio watersheds... 

if this L ob 10s Creek water-sh 


» In this list, Creek given Independent ran t i 

-ough 


tributary of 


n or 
nin the salt marsh. Bernal Heights a prominent Hine -divisio 
omer 4 etween these two erecks. 


AS? ‘acion and ‘Bay V View Valleys. —Both V isitacion and Bay Vi iew 


ithin 


“Valleys are still ‘sparsely settled, ‘but the latter at ‘ot is a section in 


immed ate need of main sewers. 
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SEWER “SYSTEM ‘OF SAN FRANCISCO 


Islais Creek —The 1 main branch o of Islais Creek heads to the. south- 


ward of § San Frat anciseo. descends rapidly in its westerly ‘course to 
~ _ the low marsh lands which extend far v up ip into ‘the valley | of this creek. | 
ereck before emerging these marsh lands lies for 
distance: in a deep gorge which takes a course through private’ lands, 
‘The rectangular system of laying ‘out streets has been. adhered to 
some places” along this ereek, where, without question, there should: 
been streets following lines of Where lands are not 
7 yet subdivided, it is to be hoped that this matter will receive proper 


Islais Creek receives the Tun- -off waters from a portion of the 
“San Bruno M Mountain, to the south of San Francisco, the nor 
ae east slope of “the Twin Peaks group of hills, and from the entire j 

southern slope of Bernal Heights. ts. The region which drains, the 
‘south central portion of Sen Francisco, is a rapidly growing section 
By statutory enactment, Islais Creek is 3 tl 
“from ‘Franconia Landing near: Bay View turnpike to its outlet. into 

Fi = the Bay of San Francisco, and thence easterly along the southerly 7 ok 
_ line of Tulare Street to the city water front on Massachusetts Street, [Fw 
of the width of the channel of said creek. However, Kentucky Street 
; has been carried across the creek on a solid fill and there is still some J 4 
doubt as to whether the ereek, which across the marsh is but a ‘slight te 
depression i ‘in the mud’s surface, be opened and kept open” for S 


“navigation purposes. at the ‘mouth of the creek a large basin 


‘should be di dredged. to a a depth of about ft. to meet in part the 


needs of San Francisco’s growing commerce. Tt is, eseen that a 


project for such a basin will ultimately ‘carried out. All the Islais 

‘Creek marsh has | been laid out in streets, and official grades have been in 

established. Sometimes. this was done in the most absurd “fashion. hi 

Thus, o1 on San Bruno Road and « on 1 Fifteenth Avenue, grades are as low sh 

Be and even 1 lower than on Kentucky Avenue, 1} miles nearer the bay. = 

Precita Oreek.—This creek drains a region which lies between the Sth 

Creek water- shed on the south and the Mission Bay drainage 

on the Asa a drainway, the has been replaced by Army 


ag ‘Street ‘sewer. 7 The discharge of sewage ‘is upon or through the marsh 


into Islais Creek, a short distance east of of the: eastern spur of Bernal 
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SAN FRANCISCO 


Mission Bay Water- shed.—T ‘he drainage basin tributary to Mission 
‘Bay is of large extent, and is for the most part. densely populated. 
It includes the heart of. the city, the entire Mission and the W estern 


Addition. . All the s sewage and storm-water run- -off of this region, except 


a relatively small | portion intereepted by Brannan 1 Street ‘sewer, finds 


‘its way into ‘the « open pen waterway of Channel Street. | The | large Channel 
—_— sewer, ‘and the sewers on Seventh, Sixth, and other s streets, di dis- 


charge into this waterway. The discharge from these sewers represents -- 
more oo half of the sewage and rain-water of the built-up portion of 


the city. _ ‘During half the year there is no rain to dilute the sewage, 

and it ebbs and flows ws in Channel Street, creating a ‘filthy n uisanc 

beguaring description. 3 here i is no chance for ‘Sweeping i it into o the 


‘bay because there no of water. er. It Tt will continue to be 


offensive until the sewage is carried to some other point of outfall. 7 


But even under the contemplated arrangement to be hereinafter de- 


| though sewage into Channel Street, 

4 and this open water will remain under a disadvantage common to al 


long narrow inlets from a tidal bay, that. of infrequent change of 


= 


‘The ‘prineipal se sewer of the water- shed, now in 


to importance, if judg ed is. 

Street sewer 9 ft. wide» and 7 ft. high in the ‘clear. It intersects the __ 
sewers: of “crossing streets; and, by reason of a conn ection at its head, 
= Tenth Street, with the Channel Street sew ver, i is supposed to” act 


ina 1 measure pgp relief outlet for it ‘The grade of of the Brannan Street 


= 8 na become a recipient of of the sewage from the entering sewers. oie. 
a matter. of t fact, it is ) found that the Brannan Street sewer was 3 con- 
structed | so “carelessly, that, where in tunnel , under the ‘south ‘slope « of 


Rincon Hill there is ar an 1 offset of » or 15 i. and its bottom grade 
for several blocks slopes the wrong w The a accumulation of silt in 


‘the sewer ‘obliterates the non-eonformity of grade w with the ¢ intersecting 
Btw ‘sewers and there is therefore a partition ¢ t practically « every 


‘such sewer = crossing. = 


rs. Papers.) sewer at i. 
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the bay under | 


pendent outfalls, ender the wharves or piers of the Ww aterfront. 
sewage from the northers 1 slope of. the Potrero. Hills is dis- 


by small sewers upon the Mission Bay mud flats or; reaching 


the Potrero Street t sewer, it is ‘delivered into the bay in 1 the Potrero 


Yerba Buena Bay Water-she 7 erba Buena, as applic «| 


to any section of San Francisco is now practically lost. = erba Buena 


the old harbor of Yerba Buena, the pr precursor 
has: long ago been filled in and built. “upon. The extr esterly end 


of the bay, that is to say, the po oint of greatest indentation, reached 
s be 


ntgomery Street. ‘The name has been used in rious sewer 


reports designate the low, flat portion of San isco lies 
gi 


north of Market Street, near th the ay and the water- shed | includes — 
he slopes of the hills the north and ‘the west which send their 
drainage through this flat area. As a sewer district, ‘though of small 
extent, it is of particular interest and importance, first, because about 
120 a acres thereof are of the filled-i in character, second, because it. em- 
braces the most important business section of the city. In this old 
of San Francisco aad to be found the “most striking examples “ 


its 3 by 5 -ft. sewer Fie. 2) at “every sire 
crossing there he typical sewer intersection, N. orth: hand south: 


‘streets with level s irface is, Ww ithout gradie nt, are no ex ception 


ption. bout 1890 there 


each eas ist ‘and wes wi 
each east ¢ a he water r front. it. The en, 


wary 
courses vane a common at Ww ‘Street for 
Market Street sewer and the sewers as far north, as Jackson Street. | 
his interception of the sewage from the west, which includes the 
intersection by Market et Street sewer of all” flow in the 
sewers from Geary Street to Sacramento ‘Street, the Washington 
“i Street outlet 2 a ‘point at which a large quantity of sewage is s discharged. 
This outlet i is at the low- water line, under the wharf. 


ie 
iat sewers of Vallejo « and Pacific ee have been turned inio the 


"wale 
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ewer, which thus becomes common outlet. It, also, 


y se 


Broadw 
i ciation, that much slush and filth 
flat area; > and it may be added 


le area, and the construction 


two at ¢ lid not conform to the 

a sewers in grade, sometimes bein 1g § aeniel eet too high or too low, 


have greatly augmented the evil. 
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SHOWING 
aa NETWORK OF BRICK SEWERS 


3 Pipe Sewers 


1892, plainly pointed the use 


ing se ah ers, in part, at lea ast, as : 
Struction of a new system fo or se\ 
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‘The w Th he main difficulty to be overcome in this region results s from the 

7 - long bay frontage. Sewers now in use discharge i into the bay wherever 
“they happen to. reach the water line, Sewers « of this character are 


those on Larkin, ‘Hyde, Mason, and Powell Streets. 
Bay Water-shed.— —From the Presidio Heights ea east- 


ward to Russian Hill | and Black Point, the northern slope of the 


northern ridge is toward ‘that part of ‘San Francisco’ Bay known 
originally as Bay. Here, again, the peculiarity, of a 


steep descent from the ridge and the large. extent of compar atively 


i flat marginal land is to be noted. Some the land along th bay 


The built- “up area is here fast extending downward on the hill- 


sides toward ‘the bay. Sewers for a a long series of years: ‘terminated 
in n land- locked basins or at the inshore limit of ‘the ‘tidal marsh. g Some 7 


hore. Th The present , outfall points ts of this district ar are at the bay shore 


on n Steiner | Street, on Willmore Street, a whert, 


Lobos Oreck. —Lobos Creek had its head originally in 


"Lake. Though not fed by any well- defined natural lines of surface 

a ‘drainage, it includes within its water- shed all the ‘Richmond District. 

The s southeastern limit of its -water- shed is at Lone Mountain. The 


plateau region 1 northward from the Lone Mountain, ridge, westward 


from First Avenue, and southwestward from the Presidio ridge is” 
drained by this creek. For ¢ convenience classification, all 


ocean front drainage, _ from Fort Point to Point Lobos, may be in- 


in the Lobos Creek water-shed. 


The principal sewer of this district is the Richmond main. Here, 
at variance with the rest of San Francisco, orderly “arrangement 
_ of the sewers, which are of osniiitiay recent construction, may | be 


noted. The ou outfall of ‘the Richmond main is just west of Baker's 


Beach, at the foot of ‘Twenty-seventh | Avenue. 
Ocean Beach Water- -shed.—This r region fronts on the ocean, 


and extends from Point Lobos to Laguna de la Mereed. It is without 


Hines of drainage, except the small gullies on the western 


deen, sand dunes which | have d drifted i in ocean. 
de laM erced Water- -shed —Lake Merced Ties in ‘the south 
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the 
area “of about 300 total water-shed of ; 


acres, somewhat more than one-half lies south of the city 


‘The | ake is still in use as a source of water for San Francisco, 
being fed by the waters percolate. ‘through the sands covering» 
a large portion of its water-shed. Some 9 700 acres, of, which about 
2 2300 lie within San Francisco, are owned the Valley Water 


tunnel into the ocean. ‘the waters of the 
pee Vi iew region are brought within reach of te same tunnel by a a 
long flume. The sewage of Ocean View is carried ina — of cast- 
iron pipe to an outfall into Merced Creek below the lake. 
Srupres FOR A ‘Sewer System ars Desien. 
need for comprehensive system of sewers in San Jeanie 


was pointed out, with frequency and emphasis, , by 


ntain- 


city officials an and committees, until in 1892, ‘the Board of Supervisors, 
rface after conference with Frank Soulé, M. Am. Soe. C.E., of the University 
we of California, passed the following resolution, dated March 7th, 1892: 
The: Piz ‘Resolved, ‘That Professor George Davidson of the United States | 

ward. Coast and Geodetic Survey, Col. - George H. Mendell of the United 
is | ‘States E ngineers, and Irving M. Scott, Esq., and are hereby 
1 the “powered to select and appoint two engineers, | and when the same are 
80 appointed that they, with the gentlemen named, shall constitute a 
Board of Engineers on and from September Ist, 1892, to devise 
| "provid ide a system of sewerage for this city and county, as proposed ; 
Here, the report of the Committee o on Streets, ete., of this Board, , made 


in- 


Ata 
aye Ata meeting on August 8t 
saker’s Board of Engineers then created : 


@ Resolved, That Marsde Maneon* and C. E. Grunsky be appointed 


as th the - two civil: engineers to “complete the Board of Engineers, as | 
‘contemplated by Resolution No. 6612, adopted by the Board of ‘Super- 
Visors, -~March Ith, 1892; provided, they agree to devote their entire 


time to this work ste being officially notified | by Professor Davidson.” _ 

ott quickly became apparent to the Board of Engineers. thus ak. 
that thevs were no adequate records of the sewers in use. The sewers — 


ocean, 
jthout 
vestern 
in the 


sout th- 


4 Member, Am. Soe. C. E., , and now City ot San Francisco. 0, 
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in. 


= 
the ‘completed ‘structures, an 
_ examination of the sewers by entering sialic and by exploring the 
larger ‘sewers. | In this way dimensions and conditions as to service- 
ability if ‘retained i n use as a part of a comprehensive system, were — 
ascert tained. Bere er al exploring parties were organized for this Purpose, | 
and =the results of their work were at once mapped on a suitable scale, 
The preparation of a complete topographic map wa was also_ under- 


taken this was subsequently to be of great value in 


facilitating the studies, 


iven by 


7 Attention v was as at once > giv en by the Board to’ the selection of suit- 
points of outfall for the city’s Ww vas assumed. at 


outset that. only one method of into the 


come under s serious “conside ration, Therefore, 


— were e made t to observe the direction and v ve ‘loe ‘ity of ‘the bay « eu urreuts. 

work of the Board of E ngineers had not been far advance 
J 


‘tober its independent co cour rse oh offense in certain quarters and led 
to its “dismissal, (January, 1893 3). Its books and data. collect ‘ted 

in the four months of ae tivity Ww were by the Board of Supervi ors — 

Manson who, ‘declined an offer to con- 

— the work. A few days later, after repeated confe rences with 

members of the Board of Supervisors, and the writer 


oe The work outlined by the er of Enginee — continued, and i 
has | become the basis for all sewer work in San Francisco since to 
time. On Tuly Ist, 1893, the existing sewers, 200 wiles in le ngth, 
examined and their general ‘condition noted. All sewers 
through which had been possib le for a men to pass had been examined 


as to ‘general condition. In some instances, where data could ‘not be 


obtained otherwise, the sewers uncovered. The ascertained facts 


shee 


‘were tabulated for convenient reference, were platte ed on s 
size on a scale 0 of 100: ft. to o the — Sixteen of these 


mplete, ten were in gress, and forty on 


oA t this 


. to ‘the ‘indy 


e city. 


gene 
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ations all stages of ‘the: “were in 


Street Pier, and "Powell Per. ‘om of pron 


__ observations pray o make sure that the discharge of sewage at the ou out- 


points, as y selected, would, , by rea ason of ample dilution, 


pees inoffensive and harmless before wean it drifted inshore. 


rs in Chasge, however, was not ¢ 


cr 


rried 


as the Board of _Engineers—summar 


thing further was done until 1899 al 1 the 


Board of Supervisors ‘determined to: - continue ‘the work under the same 
engineers but with the addition ‘of the City and County Surveyor, the 


late Charles S. Tilton; this addition being made as a matter of of policy. r. 
The resolution authorizing the continuance of the work was passed 

7 in May, but, owing t to some uncertainty regarding its legality, it had 
: to be re- -enacted in modified form. a his took time, and it was not 

until late i in September that it seemed certain that the funds set apart 

for the work would become available. In the meanwhile the work } was 


under way and was rapidly pushed ‘to completion before the close « of 7 


sefore submission to the Board of Supervisors the > report of ate 

on the sewer was passed upo upon by. Rudolph Hering, M. Am. Soc. 


= and received his endorsement. 


The question of ainir rain-water should 
be pee in the same or was necessarily a 
de for eae 


ne 
ei 


ewers- nents requiring 


nined weighed in in this determination. Tt was was al lso necessary to to make careful 
at be : study of rainfall records, in order. to ascertain the volumes of storm 


water flow that would have to be > passed through t the sewers 3 to the ‘nl 


at would have to 


Before taki some additional 

Before ta up the of these matters some additional 

notes. relating to the old sewers; to show the general lack of system 


as 


‘in their r arrangement, may not be out of place 
le ‘statement, that the plan for providing sewers seems to have 


t to construct ege- egg-shaped brick sew ers, 5 ft. high and 3 ft. . wide, 


a 
(6 
a 
4 
4 
| : 
4 
if 
q | 
forward to the completion of a design of a system of sewers. They 
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: all streets and alleys, where property was valuable and could afford to 


pay for r large sewers, as applying to most of the sewer work that 
in San Francisco, is ‘substantially true. size of sewer 


required was was frequently. determined by the Superintendent of | Streets, 


‘we was , never a civil engineer, and | the preseribed depth of the sewer, 
as defined by ordinance, was" 10 ft. below the official grade of the street. : 


pee sewers are found, as s already explained, where they are a 


all but useless, and types of construction have resulted that are cer 


tainly unique. These facts were 


For” years ‘the ordinary improvement of street crossings included 


“sewers ‘the streets in both directions and storm-water inlets” 


‘at the curbs on the four corners. The s sewers in such intersections: 
built of brick— four wings from a central manhole. The invert, 
¢ as as required by « ordinance, wa was placed 10 ft. below street grade, » gener: rally 

level, or, due to the intelligence « of most of the sewer ¢ contractors, a a few 

inches low at the down-hill side of the street intersection. The sewers 
in the intersection might connect with other brick s sewers of like size, 
: or with larger sewers or with small pipe sewers, according to what was 

__ prescribed at some other time for the streets leading from the inter- 

action, _ After a time, there was a modification of 


? 


nown 


y ow: 


sewers, pipe sewers were prescribed £ the crossings The “B “Bobtail” 
Tt 


‘crossing was introduced. consists of a of 5 by 3- 


16 ft. ‘ft. long placed a along the axis of one street with pipe ome | from 
its ends and with | pipe sewers along the axis. af the cross street. A A 


‘final modification for crossings of small sewers consisted in omitting 


altogether ‘the brick sewer and ‘putting in two practically horizons | 
pipe sewers along the center lines of both intersecting streets. 
Ca There i is no excuse for the many useless storm- water inlets: that hav 
been « constructed 01 on gutter, summits. These occur in all parts of the 
city which had been improved to any extent before 1800. In 1893, 
a central portion of the residence district of the city, a count was ‘made 


a the storm-water inlets located at corners from which there was a . 


ac down gradient in both directions, into which, therefore, no no water cal 
flow. The « district covered by the count: ‘extended from Taylor Street 


the east Bro derick Street on the west, and from “Washington 
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to o Hayes Street on the south, In ‘it there are 


1080 storm- water mind of which ad are absolutely useless, and many 
‘san receive water from so ‘mall an area of street surface that they 


are to be classed as unnecessary. Each o these useless” and unneces- 
sary storm- -water inlets, or. ‘eatch- -basins, | usually called, cost the 


an of local sewers ‘is for by the pro property 


ronts on the improvement. _ The work may be done in « 


as was do e in the Richmond District, when the main lines of drainage 


were put in, and i in the case of ‘the Army, Street sewer; but, ordinarily, 


only “short stretches of sewer were covered by the official 1 order 


construction: or in advance of of such. order, un¢ under ¥ which 


be a a public. letting of the work to ‘the lowest bidder, the property 


ow ners would be prevailed upon te to ‘enter into a peivate contract. to do 


the work, The favored contractor was at times responsible for the 


size of the sewer, suggesting it and securing official approval; at other © 


times the Superintendent of Streets and Sewers determined ‘the char- 


acter” "and size, at. any rate, this. matter was subject to | his “approval. 


Only in the e minority of cases was ‘it possible to refer to a general 


plan covering some section of the city ‘for sewer sizes. 


city, pre preceding 1900, had a a City am and County Surveyor, whose 


principal duties: related to lot s surveying. This was an elective office. 


law also” that a ‘Engineer be appointed by ‘the: 


feos were collected, 


of The City staked out Tine ‘and grade and issued. 
a certificate, showing, satisfactory construction or showing by diagram 
departures from prescribed alignment ‘or grade. He was not h ld 
Tesponsible- acceptance 


for the acceptance ‘of work, however “great the ‘deviation 


a position might be. 


unsatisfactory method of. preseribing and carrying out street, 
sewer 


continued until the present city” charter went into 
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THE SEWER SYSTEM OF § SAN FRANCISCO 
effect, in January, 1900. Since that time a Board of Public Works has 

had charge of street and sewer construction, and under : aw ell-organized 
Bureau of Engineering, with a salaried C City Engineer at its head, all 


design and construction receive ¢ ompetent 
‘and proper attention, | 


oe few diagrams were prepared in 1893 by the Engineers i in n Charge, 


to illustrate the lack of system, and peculiarities « of the treatment of 

sewerage problems i in San F Francisco. Of these only one, Fig. 2, show- 


ing the almost universal use of 3 by 5 ft. brick sewers, is exhibited 


= 


W the | studies velating to the design of comprehensive s sewer 


system for San F rancisco | were commenced in 1892, an inquiry, ‘was 
A 
at once made of the Weather Bureau for data relating to rates of 


AN that could then be that we | 
an inch’ or ‘more per hour, and that Ww eather 


Bureau had not undertaken ‘to record the 1 rate of x rain. | But it was | 


Fave 


agreed that the matter” shor u ld at once taken up, as it was quite 


important for rancisco, ‘to have positive evidence that the 


‘maximum rain in an hour was about 0.5 in. as for the cities of the 
Atlantic Slope to know that 2 in. or more per hour may be web 


occasionally, 


— 
¥ ‘Therefore, i in 1 1899, ibid the matter was taken up again, enough i in- 
formation was at command to enable satisfactory "conclusions rel: 
to maximum rain ‘Tatensitics to be reached. | Mr. Thomas Tennent, a | 


retired maker nautical instruments, who had for nearly” “years 


a a rainfall record, was of assistance in the rainfall His 
records were | placed cat the writer’s disposal* “and were freely 
them and from those of the ‘Signal Service and U nited ‘States. 
ow eather Bureau (commencing March 9th, 1871), it was found that 


_ there had been rain in excess of 2 in. per day as shown in Table 1 
order that the infrequency of the days a which there is 
in excess ¢ of 2 in., and their oceurren nless as a sien exce eption. only 
in ‘the mo months ‘November to April, may be e understood, gome farther 
notes on and climate may not be ‘ont of place. Very litt!» rain 


is Ast to N are no \iolent- 
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by thunder and lightning are of rare occurrence. 


oT, ABLE 1.—RAINFALLS, FRANC Isco, IN EXCESS OF 
Daye 


hes. 


Ine 


3.50 ||Feb. 20, 1867.... 
Jan. 10, 1862....| 2.46 | Feb. 21, 1867.... 
1862....| 2.46 ||Dec. 18, 1871.... 
1862. . .64 19, 1871.... 
. 21, 1862. . -09 |Dec. 23, 1871.... 
26. 1864....| 3.98 |\Jan. 8, 1872.... 
. 12, 1864....' 2.56 29, 1872.... 
| 


Jan. 7, 1853.0 
Mar. 27, 1853.. 
Apr. 16, 1853... 
Mar. 18. 1854... 
«Oct. 2 
Mar. 
Dec. 


. 17, 1866 Nov. 28, 1874....| 3. . 15. 1891.. 

. 20, 1866....| 2. Nov. 17, 1875.... a . 29, 1891... 
. 19, 1866....| 4.28 . 23, 1896. 

Jan. 29, 1881....| 4.6 . 22, 1899... 


: The cyclonic disturbances that pass over the country from west to 
veast—usually from two to four per month—are generally of great 


extent. W When they y are accompanied by ‘Fain, there is ordinarily 


steady downpour : me a moder rate rate until the a area of low barometer has 


, when the change of wind direction. from 

southeas ast to ‘southwest the fall in may 


panied by heavy 


clearing-\ -up showers. These showers, which are not 
uent, are gene¢ erally local. cover only a a small ‘portion 


San Francisco, and generally have sharply defined 


nin not simultaneous in e city. Neithe 


r 
ain long: The e fact that the max 


are 


under 

only” “aad what b the greatest quantity pe a 

orther say one hour, I will state that I have personally y kept a record of 

rainfall in this. city from 1849 to 1896, measuring the quantity in 

each 24 hours at. : 

iours at 8 A. ‘On looking over my records [preceding the 

— establisi: ment of the U. . 8. Signal Service in March, 1871] I find that 


the heaviest. rainfalls. -we have had in 94 hours occurred, 1864, 
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ing; rain at : rain P. M. . and evening. 

December 19th, 4.28 in., ‘heavy rain and gale in the morning; hail 

with thunder at midday, rain during the balance of the day and 


~ evening. > 1866, December 20th, 3.62 in., ‘high wind and cloudy i in the 
_ morning; then a steady rain all afternoon and evening.’ I can state 


= 


4 without hesitation, that we have never had a fall” of rain of 1 in. 


in any one hour.” 


Based on on the records available in 1899 it was found that: a 
The number of rainy day per year is 66. ere are to 
0 daye'0 n which it rains = ., and the probabilities are: 


4 day in 50 3 years with more than. 


The frequency of ‘Tain an nd the number of days on which rain. fell . 
“excess of the several a unts above named i is shown by the die 


ram, Fig. as poner actual count for a period « of 50 years, 

from 1849 to 1809. The close agreement fact and the 


probability, ‘indicated i curv is noteworthy, 

sed From this study ‘it was concluded that r rain storms with excessive. 

fall of of rain 1 are rare; ; that nearly two-thin thirds of the rainy days are 

i days with | less than 2 in. of rain ; and ‘that a any day with rain in excess 

of 5 in. is highly y improbable. 

‘Tt should be stated, too, ‘the days 1 that show light 1 rain the 

| Precipitation is usually well distributed, the rain is light and con- 

‘tinuous during the: greater part of the si hours, more frequently than 


by the U. 8. ‘Weather 


the of Engineers in 1893, 
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As already stated, there had | been a a 


mber of heavy 


it rained 0. 15 in. in — 


Jove ember 284, 1896, 


1804, « 


November 984, 1896, 
November 23d, 1896, “ 
January 20th, 1894, 
laced 


RAINFALL 
SAN FRANCISCO 


NOTE: The Curve indicates the 
of days per year on which the Rainfall eo the 


| 


1.00 Day 


Rainfall per Daj Day 


“We 
1G. 3. 


«Using these and other data from the records, | a curve of 
intensity prepared, or rather a limiting curve show the maxi- 
. ee amount of coin to be expected i in any Sem. unit up t to 24 hours. ‘wea 
1e lower portion of this curve was platted on an— enlurged ‘aie 


Based on ‘rainfall measurements made subsequent to 1899, a new 


This curve is shown by Figs. 4 and 5. 


rve has come into use, which shows somewhat greater rain mim 


sities for short time- ‘periods. ‘The ew " 


most ‘important fact relating to rain’ intensity "disclosed by 


n tensity, 


— 
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was 

. 
Weather Bure au records since 1899* 


storm in the sprir g of 1904 which exe 


ted by the curve now oe use, by a about 10% for all rioc S of time 


up to one hour. two other ‘rain storms s were intensity 


tha those | ‘indicated by. the eu curve, “but the excess in one cas 
on “min. “period, in the other for a 10- “min. "period. 


"believed that the heavy” rain in the spring of of 1904 did not cover the 


5 

= Nov,23,'74 
fe) | Dec.20, 6613.69 


__SAN 
Feb.5 


= 
nches" 


No.2  Kuichling 120 
T =Time,in minutes 
No. 3 Baltimore Curve,adopted by Consulting 
Engineers, 18090 
No. 4 Limiting Curve, determined from Rain-Storms) 


in the State of Ma y 1 | Ee Cons. 


> 
Rain, ini 


No.1 ont "Rate per mi = 


‘The interpretation of. the diagram prepared in 1899 ‘established the 


The maximum amount of rain to expected: 


In any 5- min. wrk is 0.15 in. 


30 


0.90 


“5.00 win 


facts furnished by H. De H. Connick, Assoc. Am. Soc. C. E. ant City 
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t was confidently assumed that these quantities of rain would 
rarely be exceeded, and, if exceeded, that the area covered by the 


xcessive rain would probably be small; that therefore these quantities — 


safely be accepted in estimating maximum storm-water run-off. 


MAXIMUM 
FRANCISCO 


-Oct. 


/ 
t_Oct.12," 
§Nov.23,"96 
“Nov.16,,99 


— 


Bearing in m 
is practically equivalent to t 
per acre, it follows from the above that it may rain in San Francis 

as follows: 
Duration, 


| 


stant City 


— 
& 
i 
me 
iy — 
coo 
0.96 


over 


were used i in phen required 


They have been modified somewhat since 2 1899, : as s stated, for the shorter 
time periods, so that at present, when a sewer for § a ‘small district i is 
‘designed, emneelent larger values : for § storm- water flow are obtained. 
te For comparison, the limiting rain curve now ie is shown / 


already stated in corresponding maximum rainfall 


rates in Fig. 6. 


i 


RAIN AIN INTENSITY 


1.50 
1.00 


4 


ail 


pre 


in 


 Fie.6 
Table 2 is. s the rainfall rate in use. 
ABLE 2. _—RAINFALL INTEN NSITY AT ‘San oO, 
As IN, ‘USE IN (1908. 


4 


Time, in Intensity, i in Time, in in 
minutes. inches per hour. 7 mi inches per hour. 
| 


in order that the | great ‘disparity between the maximum 


rates to be expected on the Pacific Coast and those of the ‘Atlantic 


— 
— THE SEWER SYSTEM AN FRANCISCO [Papers. 

Fig. 6. The ratios above noted 
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= apparent, Fig. shows several other limiting ‘rain 

curves, in part: taken from the Teport of ‘the Board of Consulting 
Engineers for the City of of Baltimore.* he limiting rain ¢ curve adopted 

this board for Baltimore, “as also a Timiting curve determined 


in ‘Washington, D. ). in Philadelphia, Baltimore, and in the 
State of Maryland, are reproduced iis the d diagram, and a also the > limiting — _ 

curves suggested by A. Talbot, M. Am. ‘Soe. and by 


— 
The rainfall intensities indicated by the San Francisco curve of 
1899 can be expressed by a formula | of the type 


mum expressed in inches per t represents the 
| duration of the downpour, in minutes. The numerator, b, is a constant — 


for any locality, but will vary within for: different localities. 
— =! 
For} points on the Atlantic tic Slope, bo will generally have a value lying” >. 


_ In Table 3 rain intensities are noted for several values of b, , and, 
for comparison, th the Tain intensities as a deduced from the limiting — - 


‘rain curve of 1899 are also noted. 7 
THE Estimate oF SToRM-WATER Fiow. 


ue 4 Having determined the maximum rainfall rates, some method had 
to be adopted of “estimating from these rates, the maximum rate of 
flow to be expected at. any ‘point of the storm- water ‘conduits. Such 


method must of course be applicable to areas of all manner of shapes 


| = 
and sizes, , of varied surface topography, and of vi character so 
far as determined by ‘the improvements, present and prospective. 


be scattered 0 over the 


It is obvious that the maximum: rate of flow at any point of a 

storm: -water conduit will be “less ‘than t the maximum rate of rainfall 

. upon the tributary area. i Some | of. the re rain will be taken up by porous 

oe / surfaces, some of it will, evaporate, ‘and at the time that the flow is 


-ainfall 


al Maximum the rain- -water will still 
antic 


q 
a 
— — 
| 
_ 
— 
= 
Iq — 
; 
— 
in 
our. 
le 
— 
= 
—— 


THE SEWER SYSTEM OF SAN” FRANCISCO 


surface or will be ine the conduits the filling of which retards the 

passage « of and elongates the flood wave. 


TABLE 3. —Maximum INTENSITY As ‘DETERMINED IN 


MINED 
= 1899. FOR, San F RANCISCO, AND BASED ON THE ForMULA: 


of 1899. 
per ho Inches | Inches 12 
per per In Inches per 
hour. | hour, | 704 
.32 
10, 
0.97 
0.81 
O72 
0.65, 
0.60 
51 


8s 


to 


4 


| 


Experience in other cit ndicates ‘that the combined effect of 


causes, which contribute to make the rate of flow i in the conduit 
less than the ‘rain rate, can with some degree of approximation be 


of the 


Mr. ‘Emil ‘Kuichling, * and ‘the ‘tt fact ‘that deity of 


factor t to be used. 


It entirely out of of the question to make experiments” ‘San 
Francisco” to be used in the approximation of reduction The 
_assumptions made, therefore, were based upon the experience in other 
cities. In San Francisco, a as has been explained, the demarkation of the 
area tributary to any -storm-water main is not possible without first 
oo modifying the sewer crossing B 
pare: one or more areas for observation , it would have been folly to d 


be e used as a guide in determining the corr correc tion 


*Transactions, Am. ‘Soc. E., ‘Vol. XX, 1. 


ut even if it had been possible to ) pre 
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that some storm: might oc occur within the short time 

available for preparing the re report, particularly as results we: were wanted 
before the next season. is to be remembered, too, that 


would have vé because they would have 
vailed in 1899 yand 


e study of population distribution w as based largely upon the 


wai 


rds in the Registrar's of office. From the size of voting districts 
number of votes in ‘each, with due al eople 


th this study, it seemed pr proper all parts of the city having, 


population of 100 or more per acre as impervious. A 

density was then assumed for each sewer district such that the he aggre- iz 


gate in all distriets would be 1000 000. 


Table: 4 shows ‘the r reduction factors finally used in estimating the 
‘required storm- water capacity ty from the rate of rainfall, 


"Population per acre. Reduction per acre. factor. 


.50 

0.60 


Finis he procedure in determining the required storm-water capacity for 
tad 
— ‘point of a a conduit, was substantially as follows: : The time was 
approximated which “would elapse before the water falling as rain 


most remote part of the district would reach the point at which 


the cap: icity was to be. determined. Distance and fall between govern- 


points along | drainage lines a quick and sufficiently 


approxima tion of ard time to be made. 2. From 3 3 to 5 min. were then 


added as the tim allowance for the rain-water to collect in ‘gutters 


and flow to the storm-water i nlets. Although within this elapsed time, 


— to 


the re ni 
Bist to assumed 


“nearby portion of ‘the area es water 


Temote sections arrived. C 


i> 
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yvainfall during the entire critical il period was alone t aken into account. 
was the rate of re ain for the estimated time, as shown 


by the ‘curve in. Fig. 6 


re reduction factor, determined by population density, or other- 


Aeneas was then applied. In this wa way the n maximum run- \-off rate per a acre 


was + estimated from n point | to > point for each ma main sewer. i two 


7 


e, the time 


made for the larger district alone, in calcu ng tl 
of run-off. ‘This was done because the maximum flow in the drainway 


of the smaller district would occur earlier than in the larger district 

pa the allowenes for required capacity might become unreasonably 

to be understood, that 1 this method of calculating storm- 

- water flow \ was s applied with care. Cases are readily conceivable where 

7 ‘the shape of a8 a contributing 2 area is is such that it would be improper to 


water to flow from the most remote point thereof. area under 


‘consideration may have one or more finger-like projections, long and 


narrow, which, if taken into account, would make the time long and 


rain rate small, In such ¢ cases” it becomes necessary to examine 


a by itself. The rain rate is 
application to the partial 


» owing to surface character, a ‘larger proportion 


to be emer gives larger results than the treatment of 


to eatablish the maximum possible 
This “method, in its entirety, howeve er, is. unsatisfactory, mainly 
for r the reason that it leaves | too much latiteds to the judgment 0 
‘the « engineer. Tt has not found general acceptance, 
‘Similar and yet more serious | objection may be urged against the 


various formulas for storm- water flow that have from ¢ time 


“his 


= to time been n suggested by hydraulicians for ‘application to urban areas. 
None of these, moreover, could have been, applied to San Francisco con 
~ ditions without special study relating to the determination of ‘constants 
them 

e doubt 2 as formulas predicated on 1 rainfalls exceading 


to. local conditions. Even then there would have been 


Be; 
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those at San Francisco from two to six-fold for time periods of one — 


mm hour and less should be considered d applicable, It i is only necessary to 
glance at the rain curves in Fig. to appreciate the force this 
Ine all the. formulas that have come to notice the rate 
two = ‘suitable exponent, generally unity, appears as a factor. 
rade ‘The rain rate to be used in the formulas must be determined by the 
too engineer, whose judament i is guided by the available e rainfall data a and 
his past experience. Thereupon a correction factor, based upon m the 
character of the surface of the district, must be adopted. Even when 
rain data are ample and the constants have been determined with 7 
care the result may rendered more or less” doubtful if the ‘district 
under consideration has an unusual shape, or or has ‘exceptional hypso-— 
g ‘ 
orm- These considerations led to the conclusion, in 1899, that it 


not practicable to adapt “such -well- formulas as those 


ksley, Adams, ‘McMath or Biirkli- -Ziegler, to the conditions 


The ‘method already described, appearing in 1899 to be the 


where 
yer to 
| 
uired 


and ‘rational then known, was ‘therefore adopted. 
9 aud But the need was felt, and has not heretofore been met, of some — 
amine _ more satisfactory method ‘of translating rain rates into storm-water 
ate is flow The ‘result of a further study of this subject can now be pre- 
artial “sented with the hope that may prove some value to the Engineering 
ew Mernop or Estimating 
quisite -Requirep Caraciry oF ATER 
pa pers 
“Surface Runoff —The rain upon any area during the 
time in which the run-off rate is increasing is in part accounted jo 
by i infiltration into soils and by evaporation ; in part flows 
¥ 
ie! | sa st the outfall point of this a area, and i in part it hes swelled the e water 
inst. 
Contents of the storm-water conduits within the a area, 0 or 
_ transit across the surface to the storm-water inlets. 
“et _ Ith t has been stated that the method of estimating sewer capacities, 
as-used in the San Francisco problems, takes account , after a 


fashion, the retarding influence of temporary water storage. on 


} ground and ia: conduits. ‘The new ‘method makes: storage, 
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“which i is Ce pable of approximation, an essential element in the ealcu- 
lation of. storm- water flow. 
This method is applicable wherever it is possible to the 
4 yolumetric increase of the water ‘actually in the conduits during the 
_- Progress of a rain of the extreme type. ‘Lhe first step, again, is the 
_ determination of of the maximum rain rates for increasing time inter- 
vals. Thereupon, with these rates a guide, the rates can od 


determined at which the water will run from the surface ce of the 


The final step is the of these surface run- off 


rates by the effect of on the surface 
and within all con 
ste orm- “water ¢ er ca 


It: is to be ‘that the" p percentage correction, her heretofore 
that ore 
noted as applicable 1 to rain rates: when storm-water flow is to be esti- 


by the me method used | in 1899, covers, not alone the ‘reduction of 
flow due to absorption waa eV aporation, py the retarding 


effect due to temporary water storage. correction factors, therefore, 
cannot be used whew it is desired to ‘estimate for a relatively short 


7 time during the progress of a heavy: rainfall how ‘much < of the water 
reaches and enters the storm-w ater inlets. — 


The gre eatest intensity of rain. is at the of a 

pret purpose of estimating ‘conduit capacities | 
be to occur at a time when the ground is already and 


no longer capable | of absorbing water as ra “gel as at the beginning 
ion 


of the ‘rain. The rate by porous ground 


evapora atior on th 
f a downpour ‘than. after the ‘same has ‘continued for some 


‘no means keeps pace w with ‘the rain rate, . It It follows that it 


would not be- correet to apply a a a reduction factor, ascertained | from Z 


4 aggregate quantities” of ‘rait and ‘of run- alt produced by the storm, 


to the rate order to estimate the max- 
amount of water: which eva vaporates durin short time 
p 


cove by the critical ‘periods involved in urban run- -off prol lems, 
will be relatively small and, for all ane purposes, may be dis- 


regarded. 
run-of , consequently, from 


pe of urban omen, during any critical “period, me: 
on the ground where the rain falls, may be regarded as ‘equal | 
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for that — and t 


storm: inlets will be this. run- modified only ‘the effect 


consideration cannot be entre different, at - the end of a critical 

time period, from the ; amount thus covering the area at the ne beginning 7 


of the period, except when the. critical time period is of, short duration 


It may be neglected w henever the critical time period exceeds | 15 w 5 min, 


The 2 amount of water in temporary ‘storage on -ground’s su 


that j is, the water momentarily in transit, on roofs, on on lawns, in g gut- a 
ters and otherwi ise, , to the storm-water inlets, ¢ can be estimated if the | 
time is kaown 1 that it will take water during heav ra 4 


ins to. flow to 

the in in nlets fr fro1 m the o e outer portio ons the small a served by the: 

individual storm-water in lets. time is usually 5 to 10 ‘min. 


Make the | unfavorable assumption that it is 5 5 min. 
The area tributary to each inlet may now be regarded ‘as sub- 


regis 


— into 5 water 


concentric zones, from ‘the | innermost which 


the end of any er 


rate: during this time, there will still be su the ground, flowing toward 


the inlet — in. of the rain which fell on the outer zone, in. of the 


ne 

x 

Inn 


fell dy ring the last minu ite. (No correction has. been pa for the 


me 
| from ‘fact that th the by time, each” zon 


is somewhat larger 


Kt, now, , the area which is serv ed inlet be considered as 


‘cireular, with inlet in the center of area, ‘then the areas: 


ol ems 


1002, “then the water remaining on the ground at 


100 


the of the area, 
the ‘Tt will be shown, hereinafter, that the amount of water actually , 
-off 
face 
nich 
q 
fore 
esti- 

fore, 
short. — 
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fore, is > or of the total amount of ‘rain which fell 


‘ Generalizing, ‘it may ‘said ‘that what i is true of an area with 


outline is true of other compact shapes, and ‘that, ‘therefore, 


two-thirds of which falls during any time “period eat “equ: a 
the time required by water to reach the inlets from the outer portions 
of areas drained by each, will, at the end of that ‘period, be still on 
the surface i in transit to the inlet. 
For any - limiting rain curve, therefore, the amount of water r on 
the ground ina district with imperv ious surface can be estimated 


for, any instant of time, if the time is known that will be consumed 


7 by the water in 1 flowing from the limits of an inlet are area to ‘the inlet. 


For the inlet or entrance time equal to 5 min., and the rain r: ai 


indicated by ‘the limiting rain “curve of 1899 for San Francisco, 


amount of. water on the at the end of successive intervals of. 


min shown in Column 5 of Table 5. 


TABLE 5.—WATER ON ON THE GROUND DU RING. RAINFAL Ex- 


TREME INTENSITY AT ‘San FRANCISCO. 
Based on Rain Intensities determined i in 1899, 1 using ‘the 
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of the | Greatest 
sible total ner atthe | total 
ace end of | rain to the 
our; or, ap-| <a 
period, in} period, in per acre. 
ar acre. i cubic feet 
per acre. 


periods: 
Duration, end of the | sive period, 
i period, in | ininches. 
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Ww the ‘character of the pany ‘gubeoil. it will) 
| having deep soils of ‘the sand or gravel type that take ane 
_ indefinite” quantity of water freely, and will be least in districts with» 


7 
tic 


7 


the surface of. the ground will sink into the soil ‘should be assumed 


to be a gradually decreasing rate. Soil w will take water somewh at 
7 more readily at the beginning of a downpour than after a heavy 
rain bes continued for some time. 
‘This rate determinable, and it will depend ‘the relative 
_ amount of the rain which will from time to time, during the progress. 
ofa heavy reach the storm-water inlet. 


have not for an entirely, deter 
on of reduction factors . be applied to rain rat 


no aD 


aly Table 
e 


used until corrected further observations. 

‘apply to to soil conditions such that ‘the rate of water by 


‘the soil s at the beginning of a critical period will, te about ai in. ‘per 


hour, ws about at the end of 


ot 
ses 


= ‘End of a period of heavy rainfall : 
Time at which the storm- -water dise harge is a maximum : 
m 
B= Beginning ofa period of heavy rainfall i. 


B' = Time, t minutes B; 
Elapsed time, in minutes, fren B to 


tm = = Elapsed time, in B to 


= = = Maximum rainfall one hour; expressed in inches: 
. I — Maximum rain rate, i in inches per hour (or, which is the 


Maximum rain “rate, during ¢ min-— 

utes preceding the time, B, during time, - to B; 


— 
&§ 
— 
— 
— 
— 
7 
— 
| 
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The rate of inflow into” storm- ‘water inlets during the | 


time, B ‘to ‘T. expressed in cubic ic feet | per secc ond i sad 
inflow. late ‘storm-water inlets during ‘the 


time 


= Volumetric capacity, for storm-water (storage capacity) 


of all conduits, above the point at which “discharge i eis 


to be estimated, expressed in cubic feet per acr acre; 


Ce = Storm- water contents of the conduits | at the time, B, ex- © 
pressed in cubic feet per acre; 


= J7 = = Storm- Ww ater contents of the conduits ats the ti 


pressed in ‘cubic feet per ac re; 


Therefore the augmentation o “of the Ww 
stored in the conduits during ‘the time, BtoT; 
= The water on the ground, on roofs, ete., and in 
- gutters, flowing tow ard the storm-water inlets, at the | 


time, B, ‘expressed in cubic feet per acre; 
@= — The water on n the ground, etc., flowing toward the storm- Ey 


Ww ater inlets at the time, 


= The he water on the ground, etc., tlowi ing toward the stor 


Ww ater inlets, at the end of 7 minutes, during which aa 
‘intensity is the greatest possible, immediately 


following a critic al ‘period the duration of which is 
minutes: 


~The s off rate during “the time, B to 


expressed in depth, in inches p per er hour, 


The surfac e run- off rate during the time, , B’ to to B, 
xpressed in de :pth, in inches per 
feet p second ye acre; 


Gir +,= 


equation r (and approximatel} 
This constant will have different values" 

for areas, or areas with surface 


throughout, a is unity ye 

d = The mear charge m-v in cubic feet px pe e 


econd yer acre, at the for Ww hic th ‘storm- water 


dise charge is to bee estimated, during may time, B to 7; 


The stor m- water r discharge at ‘the time, T, expressed - 


cubic feet p per second acre; 


an T 
th 
iia 
a- 
val — 
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avy me, T, ex- 
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= The storm-w discharge at the time, 
in feet per er second per acre; 
dy =T 1e storn er flow at time, B, expressed in cubic 
= The time, in 2 minaten, required for water to flow from the 
‘most remote portions of a distriet to ‘the ‘point at whic ho 


per acre; 
per 


discharge is to estimated (including atime allow- 


for flow to inlets 
a ties, in minutes, required by we ater to flow from the 
outermost portions of the area served by a storm-we ater 
inlet t to the inlet; 


S = The increase of the water quantity in owe storage 


ae ground and in the aia during the 


The i increase of the water iii in temporary storage 


— : on the ground and in the conduits during the time, B 57 
ous T Phe total depth of rain, inches, s, during the time, B to 

surface in in inches, during time, B to T: 
n the special case w' when the 


The Storm-Water ‘low.— ‘The maximum quantity of ‘rain, » eX 


pressed in 2 cubic tom that may fall i in Ge tte time, B to T, on one acre, 
will be 60 I t. The portion of this water which will reach | the storm 7 
water | inlets is 6 is 60 rk. | 7 This i is the surface run- -off per unit area, and aa 
must be equal to to the tots total flow during the time, B to T, at the point fi for 


wer 


which discharge i is to be ‘estimated, plus the augmentation of the w i 


storage on the ground and in the conduits during the ‘seme tir time. 


«60 


‘But if d is known, and if d_can be determined, it will be _ le to. 
‘the value of dr on the assumption that 
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The value assumed - for di in 1 Equation 5 results from the hypothesis 


~ that the hy drograph for the time, B to T, approximates i in 1 shape | a para- 


bola, tangent to a horizontal line at T and passing through 1 the pc point B, 


shown in Fig. 


— 


But the Vv value of dy can be approximated on t the further assumption 
that only the rainfall in the t, minutes preceding the time, B, need a 


taken n into account. iF or the greatest possible ra rain a intensity preceding B 


herefore, near enough, 
i from the above that the value of Sal increases with 


inere easing: values « of On — It increases in value, ue, also, for decreasing 


values of Cp. Equation 4.) ‘Therefore the rain which will give 


maximum value must be ro ‘the time preceding and 
7 
i 


following the time, B, that conduits will be as full 
of water as possible at the beginning, and at as low a eae as possible a 
at 


at the end, d, of t the critical ‘period. With ‘this fact the type of rain 
storm becomes known which will the mean ‘discharge through- 
out a ‘vitical riod 
-() The rain must evidently fall proceeding time, B, with 

increasing intensity, and the time, B to 


ee follows, that hoon greatest possible rain intensity, at a time instant, _ 
“immeliately preceding B, will be the ren as the greatest possible rain 


at the close of a critical period. _ Consequently, for the most 


rable rain conditions, the value of & be equal to 
time being i minutes). 


an 


- 
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The values of Gr and ; can be calculated for any rain ¢ curve, 
= as] has already been shown. The vi valu of di in in Equations 3 3 and 10 and of d, 


in 1 Equation 6 are e dependent, ‘not alone upon on the the 


case in which d = u and dy = 


Tt m my be inferred from 9, site 


(8d—als), 
that the of will follow closely the value of « d; ; that, therefore, 
the same type of rain ‘storm which will give the mean discharge during 
a critical period maximum | value will also make the discharge at the 
ei 2 maximum. It is reasonably cer rtai in that this is the case, a8 
will ‘be shown later in the presentation of a graphical solution of the 
‘problem. This fact is ‘not demonstrated by Equation 9, 0, 
at maximum v value when is at maximum value, 1 while a 


creases with the i ‘increasing \ value of, Os BD and with the decreasing a 


of ‘Ts - The graphical illustration will ion that in all ordinary cases 


wae from 6 


he effect of changing values" of Cz ‘upon the value of dro outweighs 

effect of the corresponding changes in the rain Tate, I, But 

introduction of the variable, »» into the ccaleulation of from 

2 ~ makes it apparent that the | ‘time at which d is maximum 1 is not 


— | 

the volu critical period. 
Tt may 
— 
— 
— 

3 
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‘necessarily the time at which d r 


The least hcaeetatied part of the foregoing demonstration lies in 


the ‘approximation n of a value dy and in the assumption that the 


4 maximum discharge can be computed from the discharge during 


curve, 


the critical period ¢ and ‘the discharge at at the beginning of the period. 


of impervious areas, to assume that the of to is the. same 
the relation r to I. 


1 upon 


is s it, al ‘matter all course, strictly ¢ correct, ‘except i in the case 


The true value of dx, therefore, may depart to some ext 


value determined, a as explained, from d and L dy room for 


departure will decrease as the values of and d approach each 


other; hen d, 0 ; that is, the c opportunity for 
"departure from the value is in the case of no rain 
the “critical | period. It is quite” possible that for this 


_ special case some other | expression. than Equation 9 can be found that 
the relation between d, dg; and but the further 


desired | to “deduce formulas for ‘application to types of 


other than those which produce the discharge. 
To estimate » the values of Cr and Cy let t it be assumed 1 that a first — 
approximation of ‘conduit sizes by any method ‘estab « first 
value of C. 4 The v value of C when the conduits are to carry water — 
; other than that due to rain will not, as a matter of course, be th 7 
entire volumetric contents of the conduits, but that portion thereof 


which is available. for. “the: temporary: storage of rain: water. | Call 
tm equal to This fixes tentatively the position of in the time 
h ‘The limiting rain curve furnishes the value of and of 
ae se 0, I, and, by inion of the proper reduction factor, the values of 


and of 7 are found from r=a I and =al,. lad 

Tt is now possible to estimate the maximum value ‘of Op This 
wills result, as alre eady explained, if the vain storm’ is of such a charac- 
ter that, the time, B, there i is a rainfall of constantly in 


intensity. See Fig. at the time, B, can 
be -caleulated; 1 but the ratio. of ‘this flow flow at the time, j 


may be, preliminarily, ‘considered the same as the ratio of nto I 


oem th ne aid of this ratio, on ‘the assumption th that the space occu 


..(10) 
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water in the conduits i is peoportional to the flow (the velocities 
being practically the same for half full and for full ¢ or - nearly full — 
stages) a first approximation of | Cy is possible. ‘The first ‘approximate 
value of Cri is That is, conduits are assumed to be full, at the 


he value of d resulting from this assumption will be too a 


even under the most unfavorable. conditions, Cr will always 


va 


= be revised, ‘and the vals of of C, and Cy are again determined, 


than ‘for “first ‘approximation purposes. 
‘done, because, | at th the time, , the full 


water flow i he estimated and the rate of flow 


at all upper ends of conduits can be estimated Cees the rain rate 
which prevailed in the last 7 minutes preceding the 


will ordinarily be found convenient to call 


mee Kisa ‘coefficient to be ascertained for each area under con- 
sideration. ‘The value of K wi lla pproach unity for di ts. 


a 


ok oh 


For all ¢ cases in exceeds 15 Gr— have 80° 


Illustrations. Let it be required determine the 
— eapacity of the outfall sewer for | a business district, with i impervious © 
- surface throughout, in San Francisco, the area of the district being 
000 acres. Suppose that ‘the district ‘such shape and such 
mM Wess face slope that it will take water 50 min., including a 5-min. entra ance 
- allowance, to flow from the most remote portion thereof to the “point 


44 
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— | 
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at which the t capacity is to be determined. Temporary storage 


of water on the ground’s surface, , because t 15, may be neglected 


The maximum rain rate in San Francisco for 50 min. i hen fi = 


(see Table 2), is 0. per hour, or 0.65 sec-ft. per acre. 


or an impervious surface, 00; therefore r and 


‘ 


the method heretofore as in use 


= 0.75 x0. 65 0. 488 sec- e-ft. per acre. 


m 
Let it now be assumed that calculations for a number of points in 


the district have established conduit s sizes a volumetric capac: 


a ity for storm- water of 1500 cu. ft. acre. 
Let it further be supposed that have 


An examination of the limiting curve of type recom 


for use in San Francisco w: ill show that during a period of 
time, minutes in duration, immediately preceding or following 
‘critical period of the same durat ion, , the greatest possible ‘rainfall will 


4 be, in n round 1d numbers, one-half the Tain during the critical period. 


approximation purposes, therefore, the “quantity ‘of water, in 


y conduits at the beginning 0 of a critical period may be taken at one-half 

amount in the conduits at the close of the period. 


1ay be 4 
The limiting rain curve for San Francisco, on I= 


a 

‘Fig. 6, indicates that in 50 min. the time, T, there may 

ne the be a rainfall aggregating 0.531 1 in. ; that is »r=0. 649 in. per hour. The 7 eg 
er viOUs 3 ‘Tainfall in 50 min. preceding tl the critical period cannot, a as n by the 
t being 4 curve and Table 2, exceed | 0. 261 | in. , because the total in 100 
ich sur min. canhe exceed 0. 792 i in. 
The rainfall, 0. 261 in, in 50 min, represents Fain 
1e point 4 313° ft. ‘per 
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- 

From: Equation 19, a = 0. 649 - 

=0. 517 sec- -ft. per acre. 


b. As this. value i is somewhat larger than the first approximation, 
now be necessary to correct the value of For: the purpose of 


illustration, it will supposed that no correction is necessary. 


Other values « of t “are now | to be tried, in order to find that value 


4 ot t "which will give maximum 


For t= 40 n min. 


600) 


A dy = 468 secctt 
The period i is evidently about 40 min., and the 
storm-water discharge, “required ‘conduit capacity, will be about 


Asa illustration, let it required to ascertain the storm- 


water discharge from a ‘district, 1) 000 acres: ‘in area, ‘in which 
250 0 acres of the s surface are impervious. Here, again, the time, 


is to be approximated from probable « conduit gradients. 


The value of a, * be used in the equations 7=6 I and 1 = a Ty 


be found i Table 6, that i is a= = 0. wa 
_ 08 


that, by preliminary. estimate, = 800, and that = = 


accepting the approximate value, CO, makes Cz = 320. 


a 


4 
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a t = 60 min. 


The critical time is 50 min., , and the required 


It must be remembered ‘that the values of the a 
~ noted in Table 6 are based on a ‘specific rate of water absorption by _ 
soil. They are to be ‘suitably ‘modified whenever, for any district, 
4 other rates of water er absorption by, the soil shall have been determined. ci 


The increase. water contents 0 of the conduits, when conduits 


are already ‘constructed, should be calculated from the estimated water 
stages whenever this is practicable, | instead of u using th 
How the v tm may be found, “when the 
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- sideration a second integral or mass curve representing the maximum 
amount of surface run-off during the progress of a downpour of the 
extreme type. The new curve will be. the rain curve modified 
the appropriate 1 reduction factor, a, to be found in ‘Table 6. A The ne new : 


curve, for "convenience, may | ‘the surface ru run- vun-off curve, 


(which will closely approximate the rain curve of 


will coincide w with the Timiting rain curve, because, for 
nd r=I. The 
urface, based on rain 

intensities | 


“The ti time scale this diagram indicates minutes: ts subsequent to 


the time, The or ordinates represent, cubie feet 


water which will ultimately y reach ‘the 


iod i ‘is the between 


Some 
‘the 


"impervious throughout can obtained the: curve | impervious 
s by multiplying ‘the ‘ordinates by the proper reduction factors. 
uppose now that the limiting surface ae -off curve be platted in| 
a system of co- with the | point, ‘at the beginning of the 


Let T be located es this run- ee mass curve so that B to T on the 


a 212 _[Papers. P 
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the value of S being sS= 


then 


which will make ad a maximum, will the due to a maxi- 


mum possible fall of rain in the time, ¢ minutes , preceding B. The Boy —- 
= 


rainfall i in this time must be of i increasing intensity. The run- 
curve, will take the position as shown, from B” to 


OFTHE 
STORM- WATER FLOW PROBLEM _ 
ie VALUES HERE SHOWN ARE 


rain MPERVIOUS AR AREAS 
AT 


T= maximum intensity ‘of = 


Cubic Feet per. 
ges 


_ during ¢ minutes, in inches per hour; 
increase of water quantity on the ground _ 
~f and in the conduits during the time, B to ee 


q 1 ~ 20 t 
Time, i in|Minutes _ 


= 


‘The discharge of ‘storm- water 


therefore be a curve to which the line, B, is tangent “ee 


atl B, and which will gradually rise to ‘the juelination.— 


— 
pac- 
- 
cipi- 
< 
con-— & 
mum 
fai tet 
at the time, B, may be taken, with- 
not o the mean surface run-off rate during 
iia f course, that ¢ be not at material varie tle 
| 
— 
on the 
— 


the tangent to this curve at point, D’, will represent the maxi- 


The shape of ‘this curve re will probably be such that ‘its change of 
"direction i is more rapid at ‘the ‘time, B, at which the down: 


pour is most intense, then at the time, “at which the ‘flat top of 


the flood ta the conduit has “reached the | point for which dis- 


arge is being estimated. is will be reasonable to assume, if BY” B be 


er 


00 
20 


-WATER FLOW PROBLEM 


RUN- OFF CURVE FOR IMPERVIOUS AREAS 


t= time, in minutes; 
[= maximum intensity of rain 

during t minutes, in inches.per hour; = 
— increase of water quantity on the ground 


_ and in the conduits during the time, B to r 


Time, i in Minutes 


prolonged to the point, on the time one- « the wey 


inclination of the curve ‘the point, t, D’ “This is in 1 conformity with 


e, by determining successive 


— 
— 
— | 
za” 
— 
— 
abl 
— 
— | 


which will give the line, D inclination; will, 


in a w words, for the known value of S , give e dyn maximum value. 
same result may be obtained in much simpler 
pose the value of S to be scaled off upward | from B in the diagram, 


9, establishing the point, D. 4 Let the point on the run-off 


m for a time period equal 5 Then the T, of this 


of the Fig. 8, and the of the line, J D 


The successive ‘positions: of E will lie upon a curve which, as will read- 


“ily be seen, is always the same no matter what ‘the value of S may be. 


- Therefore, to find the maximum value of dy, it will only, be necessary 


to draw a tangent from the point, D, Fig. 9, to the E- “curve. — 


point t of tangency thus found will be distant from B on the 


time seale two-thirds of the time, tins and the inclination of ‘the tan- 
gent will be the greatest possible of dn 


and i impervious surfaces (a = 1), the resulting locus of the point, B, + te 
or the Z-curve » is shown i in Fig. 9. 
Suppose, n now, that a value of Cr — Cs been approximated. 


‘Add to > this G r— Gr45, obtained from Table 5, on the supposition — 


that i = 5 and that: ty will be about equal 


upw pward from B the value of S this obtained, and draw D 


’ 

tangent to the E-curve at E. 
i 


and tn = one and one- -half times the scaled time from B to E. 


will be & 


be convenient to > complete the « diagram by platting to suit- 


seale the differentials | of the -curve. A third curve will 


curve. 
of dm for any val 
= first appro ximati 


follows the ng for every mass 
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a curve e of surface run-off, on the hypotheses a as made, there is a Boot 


inter-relation between n the values 0 Sm; t ‘ms my and dine This inter-rela- 


tion can be determin from the diagram, and can be tabulated, 


ate fact most readily ascertainable for | any district is 


which (in the case of storm. water Sou prob: 


as a first approximation | of the value of 
‘tabulating the in information obtained L by diagram i it t will, therefore, 


be convenient to note regular time intervals i in the fir first column, 


* ie The values noted in Columns 2, 3, and 4 of Table T are bas ased on 
the limiting curve for ‘San Francisco, as by the 
‘ 3.68 


are to areas: with i impervious surface 
fo The corresponding columns in Table 8 contain values fe 
ts the same limiting rain curve with reductions due to water "absorption 
by soil when only 25% of the surface is impervious. the x redue- 
tion factors used see Table 6. 
4 TABLE 7.—Srors- Water F LOW IN ION TO THE DURATION oF 
THE OriticaL Time Periop, AND TO THE AvaMENtation OF THE 
‘WATER Quantity TemPoraRILy Srorep IN THE ConDUITS. 
For areas: with impervious ‘surface throughout. For Francisco. 


Based « on 


uration o of storage by method us 
critical period, | inthe conduits, in 1899, calling 
minutes. in second- fe eet 


BD: 


0.54 


if 


— 
— 
— 

— 
— 
— 7 
— 
— 
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— 
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— 
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TORM-\ Warer ER Flow, IN Its Rev ATION TO THE oF 


OF THE ‘Whee Quaxniry Tenronamr 


Conpurrs. 


For : spp sats with 25% of the surface impervious. For San Francisco. 


"Augmentation Discharge, 


of thestorage in | Augmentation of| = 
storage on the Discharge, = calling t,,= tp, 


> 


per acre. 


Referring « again to. Fig. 7, it remains to 


tion preceding the time, B, can be assumed which will the line, 


greater inclination than resulting from that which has already 


declared to be the most unfavorable, 


Assume the extreme | case . of no rain | preceding the time, B. 7 In he 


this case there will be n no storm water in the conduits: and n no water 


maximum | rainfall con prior | to time, 


From Table 5 5, 

consequently 
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\d-feet [ia as has already been shown, the maximum value of C, for a a 
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Be 


THE SEWER SYSTEM: OF SAN [Pap ers. 
If ‘the critical t | time w were the s the same for the condition of no 
"preceding ‘the tinee, as for the condition of heavy rain preceding B 
it would be proper to scale this ve value of S downward from q 
‘Fig. and it would once be apparent, because the inclination of 
D’ is is Tess than the inclination of E’ that the most ‘unfavorable 
assumption is that of heavy rain preceding the critical ‘period. 


durations of the the critical, periods are n not the same the 
a. “eases. - On the same hypothesis ‘on which Equation 5 is based, the 
period for the ease of no preceding rain is 


‘values. noted, -one- of the critical be about 
30 min., and the corresponding value of d’ = would be the inclination 
the broken line (Fig. “rising from the 30-min. 
: This, also, is less than that resulting from the originally assumed — 
rable conditions. The same result can be shown for any other 
= of ¢ and for any other r rain intensities preceding the time, B, 
than those originally as assumed as as the least favorable. 


The: conclusion - relating to the most ‘unfavorable distribution of 


rain heretofore announced a appears ‘therefore to be correct. ‘The r rain 


, the rain 


‘until the 


of the results by the “new of computation 


© 


impervious indicates a “greater range” “of unit values for the new 


method ‘than ‘result from the older method of calculation. ~The method 
1899 probably gives too values are only | 


may be repeated ‘that ‘conduits at the 

T, can ordinarily Sa: calculated with a sufficient degree 
a of approximation. At the time, qT, the main conduit is flowing at 


eels the point for which storm-ws -water flow is to be estimated, 
the inlets on all the conduit branches are ae the ne alias time ree receiv ving 


= 


| 

4 &§ 

i 

| 
— 

| 
&§ 

4a 
2% 
— 
— 
: 
— 

= 
— 

— 

Be 
of 
— 

ule rate Which corresponds to the last Tew minutes 


“te is is possible, therefore, to determine to what 


ends. ‘this information for ‘the upper ends ‘of conduits, and 
7 the knowledge that the “conduits are > full near the oint under con- 
sideration, a close a proximation of the v water stage at ‘the time, T, is. 


possible, and C may he caleulated. 


a ‘similar line of 1 reasoning, the s stage: of water the ‘conduits 


be for the time, B, and the value of ean also 


for approximation purposes it will be well to the 


values of K for ‘increasing areas. Then call the ratio of the water 
i. stored is the ‘conduits at at the time 


the time , B, to the “water stored at the. time, 


to the ratio of the mean run- off during the tb mi in 1utes pre- 


coding B t 


o the mean run-off in the tp: minutes after B. For: San — 


Francisco ‘this ratio, as be called as one to. tw. 


= 


therefore 


T the value of Cc 


lg n7 of of Table 5 5 fo 
tation =e will be the value 0 of S to be used, a as s already explained. ‘endian 


dicate | WwW hen this method of determining storm- water flow is applied to ef 


conduit system already constructed, “may happen that, owing to 


part or deficient storage capacity: in the: conduits, there will be 


method value of be considerably less than ty if the conduits 


only. too small, ‘if they ar are surcharged at critical times; and it may be 
re 


mater prially larger than along the line of the | condui its there is 


unusual reservoir filled ‘before. the ‘maximum stage is 


ot “deter ig the 


limiting mass of surface run- 
eceiving 


rates of therefore to any such curve of tained by applying a 
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But when the is ‘of the water flow 

which are not impervious 


When of = 0, — + G, — Gp , , has 
determined for an area of any surface character, divide s value by 
fa factor, (to be found i in ‘Table 6), and proce with the modified 


value of ‘thus ‘obtained (st = as” though an 
/ impervious su surface throughout. There v will thus be obtained a modified 


value of d , which may be called such that 


That is say, y, the value from the curves or from 


+ the tables i is to be multiplied by the same reduction factor before used, — ; 


New Formula and id Discharge Tables. —A study of the limiting rain 

aa ‘curve of. 1899 for San Francisco has led to the adoption of a formula, 


. as already stated, which, it is believed, will be found generally -appli- 


es cable for the determination of rain intensities for all periods of time 


‘a 


a 


come: under ‘consideration in urban run-off ‘problems. 
its general form the formula may be written 


_ Here bis a constant for any locality, and ¢ is the duration of the 

This gives the value of J, in inches per hour, or, which 
the same thing, in feet p per second per acre. 
For | San Francinen, 3.68 will give: values elenely agreeing W with 


the maximum rain ‘intensity for 1 hour is known, 

vatue of | b can be ‘It will generally he well, however, 
ae provided data are adequate, to base the value of b upon determinations 

_ from the 3 maximum rain intensities for 10 min., » 30 min., » and 1 hour 
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from b = 3.68, 4, 8, and 12, in this a 


the expression recommended, or any other expression in 
in ‘estimating the maximum rain intensity during the time, 
7 t, the fact i is sneaeniiiy ‘that for all possible values of ¢ or of 3 | in 
the other + case, the corresponding ordinates of the resulting mass 
curves will be proportional to the values of c or b that have been ae 
‘This fact ‘makes it possible to est establish by. a single diagram (for 
impervious surface conditions), base values: of storage augmentation 
and of storm-water flow, , being for the 5 special cae of tw =1or 


From: such values the and discharge for other values 


found by “en or a c, as the case 
Table 9 contains the base values and 


This is the value of dm for the special case in a= and 
1. For any value of a and of b, therefore, 
it frequently, will be desirable ‘to compute the discharge 
maximum in 1 hour, the value of b may be > found 


in terms of R and substituted. | 
ig? 


For t = 60, , there will be I = R. 


oweve er, 


4 


— 
| — 
— 
| - 
— 
n 
| 
ed, — 
ine values in the last column orf adie contorm c 
which 4 | = 


equal to. 


Therefore, from Equation 24, a 


TABLE 9.— VALUES or d,, , AND C7 — Cys 
_ IN THE :F cece FOR SURFACE RUN-OFF: 
607 
Al by diagram. 


In ncrease of storage 
c 
in minutes. cubie Teet | in iid in second- ‘feet 


nes © 


In the practical of this formula, a should be considered 
area, as already “Its value i is s directly 


during g heavy 


pervious throughout, the value of a is unity. 


other values of a preliminarily use 


formula are to ‘be found in Tab Table 6. 
foregoing discharge formula w will b be tot 
determination of the ms maximum discharge when, for any district 


under consideration, the value of which will make d, a ‘maximum 

As a first approximation, without ‘great error, tm may be called 
tp. Consequently, a first approximation of d. ‘the : 
formula possible whenever the time ean be ‘estimated that it will 


rer 
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— al 
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ack an 
os . — rains. The value of a for any value of b and any value | ia. 
an 
— am: 
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take water | to > flow from the 1 most remote ‘portions “ae a —— to the 
point at which ‘discharge is being estimated. 


It can ‘Teadily be seen, — 


© 


=i 
From the vs values ¢ giv ‘en for (S, Ja —1 in Table 9, for the special case 


5, relation between te and Gn 


rmula. It will be ‘that, ith a sufficient degree of accuracy fe for 
values of t, which ‘are 1 
4 


oa 


when t= 5 


It has already been shown that 


Consent, rom Equation : 32 


i 
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walled Likewise, 
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and, convenient for purposes of yoetninney approximation, from Equa- 
— 


in this table are on 


_IMPERVIOUS. IMPERVIOUS. | IMPERVIOUS. 


dy 
second-feet 


cubic feet 
d-feet 


per acre. 
dun 
per acre. 


cubic feet 
second-feet 
per acre. 


secon 
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When, therefore, the increase of water storage during a critical 


= period | can be determined, the duration of this period can be 


found from Equations 33 or 39, anc dn ¢ can be estimated by formule, 
4 or 29; 0 be taken from Tables 10, 
‘11, and 12, or or from the general table, Table 13 aie: the value of dy 

Bes be estimated directly y from the va value of S, and. ‘an approximate 

value of of tn by the use of Equation 40. In this: last case. the estim: ated 


discharge is to be treated as ation until the ‘value of ty 


224 

- 
A 
— 
— 
— 
— 


SEWER SYSTEM 


TABLE 11. —Srorm-War Water Pow, 


All values in this table are based ¢ on 


Duration | MPERVious. IMPERVIOUS. 
period, 
m 


minutes. 


bic feet 


acre. 


cubic feet 
per ac 


d-feet 

i-feet 

Cz 
re. 


-peracre. | 
—CR 


= 


cubic feet 
peracre. 


Cr 


secon 
secon 
second-fee 
acre. 
cubic feet 
per acre. 


| peracre. 
q 


ose 


cu 
~ 


second-feet 

second-feet 


| Cp 


7D 


SESERESE 


d-feet 


-acre. 
per act Be 


BSSRLE 


Qe 


secon 


Tables 10, 11, ‘13, and 1 3 have been n prepared by the use of the fore 


a 

and an absorption of water by the ‘soil at ; thie rate of about 3 


hour at the beginning of a critical period, "decreasing gradually to 


of in, per hour at the end of 1 hou. 

2 In the case of conduits already constructed , neither the value of 

0, — nor the value of taken from 

To facilitate the use of. the and of the reduction 


Table 18 been prepared. In this table the value 
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les 10, 
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a — in Column 3, and tl the value of 


in 1 Column £ 2. val of s given in Columns 


harge, by this the valu 


ion 
and ‘that, during the time, te the absorption of water by exposed ‘soil 


surface is at Tates decreasing gradually from about in. to 
in. per at the end of 1 hour. 


— 12 and R = 1.95. i 
b= 12 an 


Duration | MPERVIous. | IMPERVIOUS ts IMPERVIOUS, | IMPERVIOUS. | IMPERVIOUS 


t 
= 


‘second-feet 


B 
‘per acre. 


feet 


1-feet | 
per acre. 


1-feet 


per acre. | 
-fee 


= 


eubic 


dy, 


cubic feet, 
per acre. 
second 
cubic feet 


Cr—Cpz 
acre. 


0. 


secon¢ 
C 
eubic feet 
per acre 


| 


S 


SS 


efoundin 
find the increase of the wa 
— 
— | 

— 
— ; 
— 
— 
— 
— 
— wig 

— minutes. | 
= | 3.78 | | 3 


3 


~ 
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period, tm: in minutes. 


eubie feet | 
acre. 


second-feet 
acre, 


impervious. 


: 


Ors 


DOV. — 


50% 4 


impervious. 


one 


=~ 
RSS 


~ 


Ge Go Go Ge Ge Ge 


— 


impervious. 


40 SHQTVA 


"08" 


impervious. 


None 


impervious, 


All 


secon4d-feet 
per acre 


6 
6 


+ 


00 


impervious. 


imperviou: 


: 
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e type | pe of ‘the formula for 


As the ‘outcome of an attempt t to ‘the resulting values 


the San limiting rain curve for all of t up to. 


= 


was wed, but, for higher values 


of t, departed 1 too far from the curve of 1899 1 to be. considered entirely 


time periods ‘that « come into consideration are less than 
2 hours, as as will be the ease in nearly all | urban problems, a a parabola 
can frequently be found which | will closely approximate the limiting 


rain curve, and may bet ‘use ed i in stead. lig a 


the surface run- “off curve will then 


“amount 0 impervious in any a1 area, varies, , too, 


- duration of the critical period. , For im ervious area is unity. 


_ For t= t= 60, the value of oui be the maximum _— in 1 aa 


| e= 


The maximum intensity of the 1 ae for any r any ‘number of minutes 


ig. 10 it can curve the equa- 

is 


equation of ‘the Tine, be written 
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Lad 
— 
“= 
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— 
— 
— 
— 
1 
— 
— 
ig 
— 
— qT 
— eof the point, 


FRANCISCO 


1e locus of the p point, it, , will be expressed 


| 

— 


ae 


WHEN TH THE “LIMITING RAIN 
Is A PARABOLA 


value found w ill be inches in in depth in min. 


Therefore dm, in inches i in 1 hour, or in second- feet ot per | acre, 


0.647 ae _ 38.8 
Ln ——— cu. ft. per sec. per acr 


(49) 


a 


5 a: :R= 


0.647 
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1 565ae cu. per acre. .(57) 


— 


S 
a 


ing equations, may be taken E 

soil conditions on m which that table 


the va value of e to be used in these equations is 
oa wisi the vi value of R, the greatest possible rainfall in 1 hour, being 
e conditions prevailing on Atlantic Slope, the 


alue 


Table 14 ‘corresponding values of 
Various | values of ¢ tims estimated in the one case by nn use of formulas 
based ¢ on limiting rain curves of the San Francisco type, and i in the 
other by the use of formulas based on the parabola type of curve. 
‘This 1 table i is of general application, a 


of and dm for selected values of Sms but in case spe 


ane value e of R was assume — 0, 60. The figures on the same lines. are 


a fee In Table 15 15 the . comparison is made between corresponding a = 


nose would result from an of of the two 


— 
| 
— 
— 
— 
— — 
| 
q = 
The value of 
4 
al | 
= 
= 
- 
of 
— 
| 


types the rain records, because 


have ec coincident values of 


For the San Francisco type of 


t+6 


® 
0: 
4 


: 


weE STI-. 
IN Cu RVE. 


Ware: HEN | THE Rar Curv 


A PARABOLA. 


14.— 


-MATED FOR Tw wo ‘YPES OF 

For areas, “throughout. 


For a Ram (CURVE OF THE 


FRANCISCO Type. 


cubic second- feet 
per acre. acre. 


cubic feet second- 


_ Application of the Ne Method to Spe 


T, two procedures are 


The ‘discharge estimate may be made for the main conduit 


to the. discharge of a ‘main conduit at the time, 
"possible, 


points just above 


The the two results will be the discharge 


‘and just: below ‘the entrance of the sub- main, 


—_ 
mye 
— 
) 
ing 
= nek d it contributes 
a branch condu 
desired to know the extent to which 
values 
— 
es are 
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TABLE 15 — Comparative VALUES OF Water 


or Two TYPES OF 1 Loring Rain CurRvV 


and & = 0.60. 


= 
For A LimiTInG RAIN CURVE OF THE | WHEN THE LIMITING Ram Curve 
= of Francisco §| Is A PARABOLA. 


"storage, 


© 


ra 


Or, as m 


s as sho first pi call 
_ district, is as shown in Fig - During the first part o the ritica 

period, the rainfall will have its greatest intensity. run-off 


- duced by the rain of greatest intensity will have time to escape er 
the sub- district (supposed to ‘relatively small) before main 
conduit flows at capacity. Therefore, i in applying the graphical 
only that part of the run- -off curve is to be used which lies nearest to ‘ 
But, for decreasing intensities 3 of r rain, in a small district, there will | 


probably be less water in the c conduits at the time, 1, than ‘minutes 

before T (t, nov w applying to the the -sub- -distric t). Consequent instead 
an of water ‘quantity stored i in | — will 


In the eupposed cane, 


the required discharge e of the main is the 


Tt n may | be of sto that the described method d of 


at 7, instond ‘of nar, 


— a= 
fi 
— 
— 590 | = 
— event it ® 
— 
Is 
— from ie 
stor 


Ye 


pers. 


A I etiam conduit serving throughout | under r pr es sure is an extreme 


case. There can then ‘be no augmentation of the qu uantity of water 


stored in n the conduit. yn The effect of an increase r decrease in the | 
| 43 rate of supply will be instantaneous from end to ape! of the conduit. 
‘The time, will b ‘become zero. The po ints, B, and E on the 


Er the e supply curve at the point, B. B 
At the other extreme is the case of flow through large reservoirs _ 
it _ or basins. . In this « case, the storage of water is large, the time, t, is 

long, and the maximum rate of ‘outflow is correspondingly 


In applying sie method of estimating required storm- m-water eapacity, : 


as s described, it is well to remember that a proper determination of a 
value of eliminates the necessity for introducing into the calculation 


nain ; q any further allowance for safety 1 margin except such as may be covered 


tical by a selection of a y value for the factor a. As a is unity for a areas: 
pro J with j impervious surfaces Ciiendes and as the value of ais | otherwise 
from definitely determinable, it will be seen that the room — is 
main Deductions. — —It a appears | from the e foregoing: Sic. 
athod —That the method as described of ‘estimating storm- 
tT. is to districts: of any shape, size, or condition. 

e will g 2.—That if a conduit affords no reservoir space, the storm- aie 
inutes Be flow at all points ther thereof would be equal to the rate of ad 
nsteal Bi) storm-water inlets, ts, and the « effect of an. increase or decrease of this 


re will rate would be immediately manifest at all points of the conduit. 


the —That ‘the longer the time required for storm-water concentration, 
; oO “a larger will be the unit storage capacity of the conduits in any 

in or vice versa, and the greater the influence of the conduit 

storage upon the rate of flow. : 

mating ae This is substantially the method of estimating river flow described by the writer in a 


recent of a on na Sood. Traneactions, Am. Soc. C. E., Vol. LXI, 


which 


» _ water is supplied to it by its feeders, is applicable to rive 3 
flow at all points of the conduit will be equal to the max 
4 
—- 
— 
— 
| 
— 
ON: 


—That an outfall conduit, receiving no further accessions, below 


or always § submerged must bee given uni- 
form n capacity from that point to. the point of outfall ee? -" 
= ae —If not flowing under eetsure, and if it have a free out- 


not obstructed back- k-water, its “maximum discharge 


will decrease somewhat, with i ith increasing ig distance below that point. 


the shape of ‘the limiting rain “curve has been properly 
mined from a rainfall observ: vations, the derived 


should be smooth curves. The value of discharge ‘deter- 
~minéd therefrom will, in other words, follow a definite law of change. , 


It it that the method of determining discharge 
_ may be applied to any rain acon: for w hich a mass curve of the rain- 

Pie ~ fall can be platted. . The proper location of the points, B and T, on 


the resulting surface run-off curve will be found by 

‘The method of estimating som ‘water flow as” here deseribed 


is taken into account. 
Second. —Because the > element of ating to the rate 
of rain- -water inflow into s storm- water ‘inlets “confined within nari narrow 

limits, ‘and the possible | error in the of reduction factor is 


Third. Because the essential element, thei increase storage 


rad 


i the conduit “system during a critical period of time, is subject to 
: determination with reasonable a ACCUTACY. 


-W ATER Reiter OUTLETS AND Sewer CAPACITIES. 
The ordinary principle of of prov iding storm-water relief outlets from 


“the sewers of the combined system, where opportunity offered has 
adhered to. in designing the storm-water conduits, for F ra 
‘The infrequeney of rain in excess of per. day made it 
‘ 
desirable to let the relief outlets come into service when 


rainfall rate ed this ‘amount. . In other words, the sewers 


planned | to carry the run- -off due to a a rain: of in, in 24 hours, 


outfall point. remainder of the flow during 
will pass: ‘through the relief | outlets on the anton course to 


— 
| 
| 
— 
— 
— 
— 
— 
— 
r 
= 
— 
— 
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- 
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= 
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The sewers of the combined system, therefore, were given a a capacity = 
relief ‘outle 


‘The run-off due to a rainfall at the a in 24 hours. 
sew ver capacity thus ‘determined for points | below relief outlets” 
nearly four times as great a as the mean 1 flow « of sewage | proper. |The a 
m-water reliefs, therefore, should not come into service with m 
of sewage in their this” amount at tm 
serv e at apa 
ffensive. 


uestion, 


treatment for like purpose, would entail 
and is not at present necessary for any part of San Francisco’ S sewage, 


owing: to the dilution that can be secured, an the favorable set 
| 


> “of th the currents from 1 ‘the selected o outfall points a away from the shore. ort 
‘Dilution in the waters of the bay and the ocean is without 
Francisco the natural and proper method of s sewage disposal. 
The questions to be considered, therefore, relate to the best points” 


= outfall and the best method of conveying tl the sewage to those points. * f 


discussing at the studies of tidal currents 
ade 


de 


A certain amount of soil-water, entering by leakage > 
oe al J 1 

eration was given to the various methods of sewage disposal __ 
or is Which have been developed and found satisfactory, 
Utilization by application to land was entirely out of the 
prage owing to San Francisco’s location at the extreme point of a narrow 
et. to peninsula, and the remoteness of lands which would be suitable 4 
» cultivation under sewage irrigation, 
— 
has. — 
jade it 
hours, 
urse f0 J rom anchored boats by the United States Coast and Geodetic Surv 7 est ee 
Some years before, the conclusions reached will be briefly stated. 


4 
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float observations: not cover the entire water nor all 


stages of the tide. @ means were not at command to ace 
this. Generally known facts or opinions relating g to the 
and velocity. of the bay “currents Ie to the selection of 
- certain points from which the floats were started at various stages of 
am the tide and then followed day and night by boat until stranded or 
well started seaward. _ The float was of wood a about 6 ft. long, weighted t 
one end and carrying a a flag or lantern at t the other. 


Float observations were from points off | s Point, Potrero 
‘a ‘Point, Center Street. Pier, Powell. ‘Street ‘Pier. At each of these 
points floats were dened at low Gin, at at high tide, and at intermediate 
stages. There were no float made oceanward from Golden 
Gate as these did not, seem necessary. The current in and out is 
swift. = _ Someone has computed that 1 eu, mile of water passes through — 
Golden Gate each way ever day This vast volume, as it flows out- 
= 


ward, -entrains to some extent ‘the wa water that lies off the beach, south: 


| from Point Lobos. This: is probably the reason why the o 


59 a the Hunter’s Point flood-tide floats passed u up the bay, clear of 
ee tide marsh and shore line. The ebb-tide floats cleared Potrero Point by 


ore than half a mile we passed east of Mission Rock. 


Floats started at od t t atte from the Sugar Refinery wharf at 
7 a 7 Potrero Point took a course inside of a line drawn, from Potrero Point 


Hunter's ‘Point; as caught and held in in the flood- tide eddy” 


south 0 of Potrero Point. Ate ebb tide all floats passed to the cast é 
“Mission Rock into to the “deep water of the > bay 


‘The floats. started a at flood tide from the wharf of the Pacific Rolling 
“Mill, farther “north ¢ on Potrero Point, all: hugged the shore toward 


Hunter’ Point. The ebb- tide floats equally unfavorable con 


Ra, ditions. _ Their course was close to the end of rie Street pier, to , the 


Floats started at flood tides from the end Center Street pier, 
oily wharf, passed close to Potrero Point. Those at ¢ ebb tide movel 


ee The floats started at the end o f Powell Street 1 pier on flood tides in 
_ part took a course somewhat off shore into dee] , in part they went 


i 
gradually ‘shoreward. The ebb- tide float shore ‘more 


Tess, of ‘clearing Black than one- e-quartet 


e 
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de 
di 
— 
— Ay 
a 
— 
— 
— 
— 
= Lo 
oce 
— 
— dist 
— 
4 


SEWER or SAN 


fronta 
Hunter’s Poi Point, is not a ‘desirable fr oe sewage. 


was ‘Tecognized, "however, that the he discharge of sewage in 


‘through: submerged in deep tidal w 


bjectionable, and, fore, that small shore areas which cannot at 
once be made tributary to the contemplated main sewers, may, with — 
i proper restrictions, be allowed to discharge into the bay. FW 


Hunter’ s Point was found. to offer exceptional advantages a 


delivery of ‘sewage into swift tidal currents with ample and a: 


The following points of outfall were finally selected: 


bass North Point, with discharge i in at least 36 ft. of sai at 1 200 ft. ai - 


lore from the water- front line. 
Hunter’ s Point, in a 


(OF - saad of Scott Street, in at least 36 ft 36 ft. of water, and well off 


should ultimately be delivered 


‘Of the areas selected outfall points it 

North Point ‘main is to} receive the sewage from an area 
about 11 500 acres, which | includes the e greater portion | of the residence ie ee 
district of the city and the entire business section. About 80% of the 
city’s population was within ‘this are area at the time the "report was 


tributary | to the Hunter’s Point : 


The Point Lobos outfall will ultimately Yr 


The 
it becomes desirable to extend the 


conctusion reach rom tne loregoing Observations wa 

sewage might safely be discharged into the bay or ocean on 

frontage of the cit “a 

— 

— 

ate — 

den 

is - 

ugh 

or n — 

rf at > is 
be found desirable aft 

a oy int, where it may be found desirable after many years iia 

— _ to concentrate all sewage reaching the northern city front, an — a Cae 

ast of dother 

Lobos, where it wa: id _o 

— 

toward 3 

— 

— Pcelve the sewage from the 

e-quarter he Harbor View district, — 

h Point main to Fort Point — 
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The that the best, points for the 
 @edange of sew age | are the projecting points of the water - front. which | 


by swift tidal currents, it became necessary to give Fort 
© 


Point special consideration. ort the ‘south ‘side 


ee the ity and the gre great cost that would be involved in a it o 
' e of general water r-front _impro ovement. 
"ie “the: order their desirabilit y as points of outfall for for ‘the 


# sewage of ‘bay-slope distri iets there seems to be no question that Fort 


Point should be ranked first, though, as explained, not “now available 
North Point, second, and Hunter’s 


Consequently, the collecting system of sewers has heen planned: $0 as 

to ‘make the greatest area possible tributary to the North Point t outfall, 


and let Hunter's Point take care of the remainder. 


ts This is ‘the: ‘fundamental reason why, as elsewhere the 


portion of ‘the Islais: Oreck drainage ‘ist to be « cut t off from the 


e Hill. 
on of me outfall 


has the further advantage of reducing the amount of sewage to he 
ie umped over from the Hunter’ s Point main into the North Point sewer 
i" system if, jin the future, it ever becomes necessary to abandon the 
- ‘Hunter’ 8 Point outfall. _ Furthermore, it appears unobjectionable to per 

“mit the temporary deliv ery of sewage in small amounts at other point 


of the bay front, provided the discharge be always: ‘effected well. off 


shore i in deep wa 


and the. plans for the systems of ¢ 


The areas noted i in Table 16 and the estimated 

the assumed distribution of population when San | Fra neise? 
has reached the 1000 000 mark, were used as guides in estimating, by 

already described , the quantity of sewage, soil- water, a a and 
storm- -water to be cared for in the 


San 


= districte were laid out i 


— 
— 
— 
4 
— 
— 
— 
3 
— 
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— 
— 
‘Hai 
= n conformity with these 
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— bic 
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ER DISTRICTS. 


den ame acres. population. 

the Valley Street and Upper Army Street................. 
Sia Sic West Potrero, Upper Twenty-second Street. 
| so Fifth Street, Sixth Street, Seventh Street and 
North Rincon Hill 


College Homestead. 
> Hill raven Street..... 


and it it 


niversity Mound 


_ West Silver Terrace and ieee 
North Silver Heights 

_ North Slope, Hunter’s Point 


South Slope, Hunter’ ‘Point 
Totals 


7 Harbor View District. 

Richmond 

Upper Sunset, . 

Lower Sunset, 

Ocean View 


PopuLatTIon, -ConsuMPTION AND SEWAGE. 


‘ore describing g the district systems, a word is to hes said _— 


prospeetive of San Francisco, and the w: 
popul tion on estimate, as. 
For e mparison, the population ‘sev oth 


4 to th 


as made 1899, 


United States is. also The conclusion was reached that about 

50 years would elapee before San Francisco would have a population — 


; and | fully realizing that n no 


| 
— 
— 
65 200 
sewer 5X 236000 
920 — 
its wert 
its 
rancise? 
ting, by 
‘lity years being a reasonable time for which to insure a 
Adequate service to all parts of the city 


} 
FRANCISCO 
as a probability, y, thie ‘was accepted that esti- 


A mates of water consumption and, therefore, volume of sewage proper _ 


The information in Fig. and extended to — 


‘hae 


results of the census of 1900, is shown in Table 1. ae 


oh 


‘SAN FRANCISCO 


1870 1890 7000 1910 1920 1 1930 1940 


—Poru.ation ¢ oF Cimes FROM ‘Unirep States CrEnsus, AND 
Est 
Year. |Washington. Cleveland. Cincinnati. | San Francisco. "Baltimore. 
115435 
161 044 


216 239 
255 139 


* Estimates made in 1800. 
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‘As a “result of the destruction of the: business section and a large 


part of the residence district of San 20 by fire 1906, , there 


of wa water pumped from bay or ocean for the supply of 
“for use in street ‘sprinkling, and for us use in “condensers, about 70 gal. 7" 

capita 1 per day w supplied to the city by the Spring Valley 


Ww ater Company. The maximum per capita consumption at that 


—Itis believed that San Francisco’ s cool climate, particularly in the 


summer, the compact ‘the residence districts, w with 
restricted lay lawn and garden areas, % and the natural difficulties ; in the way 


308 bringing i in aco pious su will alwa s com rel more than ordinar 


~ economy in the use of. “water. It is ‘not likely, therefore, that the 
> resent consumption of 5 gal. per day will ever be greatly exceeded. 


Allowing 20% ai as the excess of the maximum daily ¢ consumption over 


- the manny and making a small allowance for water taken from ocean, 


bay. and ] private wells (4% was assumed), the conclusion wa was reached 
‘that 94 gal. per day should be taken into account: in estimating the in 


| 
delivered 


‘to sewers is ‘not special local 


studies to confirm the accuracy of this assumption, ‘that maximum 


flow would exceed the 1 mean | by 60%. 


= Based « on these premises, it was estimated that for each 1000 inhab- | 
‘tants the average quantity of sewage proper, on days of ‘maximum 


w rater consumption, , would be 0. 109 sec-ft. ae ‘that the maximum rate 


at which this would reach and be carried off by the sewers would be ee 


0.163 see- ft. This was the ‘unit adopted for use in estimating the 


water entering ng the sewers ty Teakage depends 
oo on the « care with which the sewers are constructer 


leaky joints, also the relative elevation of the. -water-table an and 
When the -water- table is below the sewer there may be 
the sewer into the will be nor reverse flow. __ 


2 


ii 
— 
recast at the present time there would, 1 ye some de- 
= 
— 
iim 
= 
7 
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4 
— 
— 
— 
AND | 
— 
77 840 — 
— 
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Throughout a large portion. ¢ of San Franciseo the | sewers will lie 


above the soil-water plane. if winter rains bring the water-table 


cover the in the. high | parts of the city, it it will for short 

a5 periods only. ‘therefore, very little inflow : from the soil into the sewer: 

is to assumed, except in the jow ‘marginal and -down- town areas, 


pone the sewers. It would be 
to know \ whether this pla ul be 


wered, in. 0 f the fact. 


that t 


skirted by m mud ‘flats which ar nearly “impervious. 


‘But this cannot be ascertained short of of very “expensive ‘experiments. 


if there is a great t leakage into ‘the s sewers, they may have some 


effect on the water-table, end. the leakage will gradually decrease 
until equal to the ground-water replenishment, from whatever sour: ce 
this may come. es Tn the absence of adequate information relating to 


_ ground- water depth in n different it parts of the city, a uniform one 


for an of flow i in n the s due to this cause was made > 


for ¢ all ‘the high portions s of the city y and a larger allowance for the low 


areas. The ground. w water reaching the sewers from high ground w 


was 
introduced into the calculation of at 0.001 sec-ft. 
from the low parts of the 


Tien or SAN Faancmoo 
thes range of tides in § San ‘Francisco Bay i is th referred to in 


“the Pacific Coast Pilot, by George Davidson, ‘Hon. M. Am. Soe. O. z 


= whe: ) for many years was in charge of the wo work of the United States 

Coast and Geodetic Survey on the Pacific Coast 
he rom the lower low water (ow w ater large’) the tide rises for 
. about Tk hours, say 4.4 ft. to the smaller of the two high tides (high 

water small’), then falls 1.4 ft. in less than 43 hours to “the | low w: water 
small, Which is higher’ than the preceding low w water; then say 
in 6} hours to the higher high ‘water or ‘high w wa ater large;’ 
— 5. over 7 hours to the lower ‘we water, or 


the moon to 0.3 at ; the there 
be a long stand of about 5 hours. 
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—— EWER SYSTEM OF SAN FRANCISCO. 
2 average nee of the higher high and lower low waters 
a ‘i same ne day is 5.2 ft., with a greatest observed range, noted for 


February 8th, 1876, of 9.93 ft. 


“Tide Tables” for 1899 United States Const 


“he expected mean ‘range of tides i is 


of ‘tides: is 8. 5 ft, 


area ti the adjoining ‘submersible land, nd wi 


d low w tides oe 
Gate can be es ted. 


To ‘the: outflow through ‘ten Golden there is to be 


e Golden 


the flow of the tei to ‘the bay. This ‘is n ‘not 


is the r from more 60 000 sq. sq. miles of tributary 
The two ivers, the Sacramento and the San Joaquin, contribute 


e than 4 000 s sec-ft. at their lowest autumn stage, and more 
80 000 sec- -ft. throughout the first six months of the yea: year, often 


aching: 000 to 200 000 sec- ft. for short p periods of time. 
e bay alone would effect “sewage 


from 30 to 500 fold, ‘the ‘iver water is is only a trifle when | com- 


with the great return flow of waters which have entered the 


t tide. = 
den Gate ona rising tide. 


‘Norra Powt SEWER Disraicr. 


The North Point, Sewer District has an. ar 


estimated p population, when that of the city, of is. 1 000 000, 


About. 80% of the in 1899 lived within this di 
t includes the no frontage the city” easterly from 
Black Point, the easte ontag south as the ills. on the 


south a of Islais Cre ne 
- peninsula ridge and d along the same, pire to, and s 


county line, including all | the slais | Creek water- already described. 


a 
7 ‘ 
‘The expected maximum range of tides in 24 hr. is ant a 
The expected minimum range of tides in 24 hr. is 3.1 
hi 
th — 
_ 
de 
— 
for 
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for 
say 
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‘SYSTEM OF 
Nearly all this district 
The position of the main intersecting sewer was determined ws two 


governing ‘points, the ou itfall at No rth Point and | ‘the point on the 


old line of Mission Creek where ‘the sewage of the ‘Mission is to be 


int 

ar and Fourteenth Streets. At that point many strect 
have” been established without due regard to future require- 
a ments, Amprove- 

es 


i; gis ments of street surface and i improv ements on private land have been i 


made to conform to these grades, many of which a: are too low. | It is 

whether material correction of such grades will e be 


possible. The North Point: main, “therefore, was planned to fit the 

grades as es established, the aim m having been to keep the hydraulic 


: at least 1 or 2 ft. below the street surface a at the critical 


This was was the best that pee be done for this district which, under 


present conditions, is whene 


of rain. In or 
elevation at a few points a str 


of stre e the | aulic t 
may be that there 
and Division Streets, where tl 
official rade ther 


above city 

all street intersections around this point the e official 
‘ft. At Thirteenth and Harrison Streets: 

‘there is a similar arrangement. Street grades of 6 and 6.5 -~ are 


entirely ‘surrounded by official grades several feet higher. Official street 


elevation i similarly defective at the northern termination of York, 


“Shotwell Streets; also. at Sixteenth and Shotwell at t the eastern 


ce 
3 ia 
a 
or 
— ; 
&§ 
on 
— 
full conduit, may b 
ra 
— 
— 
t this district has s of the sewers and storm-water ¢ 


“| 


‘find out how much better off be if the water 4 
the sewers s could be kept or 6 ‘ft. . below ‘the street surfac instead Sy 


rising almost to it. The only: satisfactory ‘relief from the local 


that may ‘result from defective or r choked | storm-water inlets ts and 


the annoyance of water ‘in cellars, or, r, at least, of 
cellar drainage during ‘severe rain storms, will ‘result from raising 
‘the street grades, particularly at the points where pot- “hole” features 
innocent sufferers, from tl the desire of their predecessors to have official 
e grades established at ‘natural ground height or but little: it, in 
s The head | of the North Point considered as an interceptor, + 

er @ far out on the Mission Road, at the point, » in J fact, where this: road ae 

crosses Ts Islais Creek. | From this point the sewer wilt be in tunnel for a 


distance of 4 500 ft. line of Mission Road and § San 


Army and Valencia Streets the sewage now ‘flowing down Army 

= sewer is to be intercepted and diverted northward. The present 


Sewer eastward from this. point will continue in ‘service as a storm-— 

water relief outlet, and as a main from which a a ‘mile farther east 


; sewage will be pumped | to the nearest point | of the North Point main, ae 


7 The course of the | North. Point main is almost due north following 
q streets bes best. adapted by by reason of elevation to receive it. Tt will 


be on ‘Twenty: sixth Street from Valencia ‘Street to Treat Avenne, 
Altbama Street from Twenty-1 fifth to ‘Nineteenth Streets, 


mach Division | Street at Street. will follow Division 


Street ‘Harrison Street, “paralleling ‘the present Channel 
a sewer; thence it will be on Harrison Street to E Eighth, 
Howard, thence on Howard and New ‘Montgomery. Second Str 


inate northwest to north to the water 
Montgomery « or Sani 


At Eighteenth and Division Streets, at Fifteenth Street, and a 


po * line of Fourteenth | Street, will be | storm- water relief outlets of 


P The outlet arra treet is practi- ce. 


7 
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SEWER SYSTEM OF SAN FRANCISCO 
“ally that of two -wo parallel conduits with a « a common separated 


each other by a dividing overfall weir. The entire flow will be 


confined by this weir to the North Point main 1 until the full capacity 


7 4 is. reached, whereupon the excess flow will. go over the weir into the 


Other storm- -water outlets will be provided at Seventeenth, ‘Six 
teenth, Eleventh, Seventh, Sixth, and Fifth Streets, also at Mission 


Street and at Commercial and . a ackson Streets, as well as a fir final one at 


the 


Large conduits will carry the water from each of the storm- -water 
— outlets i in the most direct line to the open water in Channel Street, or 


the North Point s sereen-house, where the sewage will enter outfall 


‘to the bay. t Of these conduits, the only one of special interest is ‘the 


‘Division Street conduit which | will its head | at Eighteenth and 


Division Streets, but will be the recipient also. of the storm-w water over- 


ca flow | at Sev eventeenth, Sixteenth, Fifteenth, and Fourteenth Streets, and 


> at several other points along its course to the head of the open water 
“in Channel Street 
This conduit, shown on Plate “ill be called upon to carry culti- 
about 760 sec- ft. near Eighteenth Street, ae about 1700 sec- ft. 
a 11 ft. 


— outfall, for a distnese of about 2 000 ft., the conduit will be constructed 7 
with two or three / compartments. Three, each 9 ft. wide, will be 


required “ultimately. be found advisable, | howev er, to con- 
struct only two of these at the outset. - Owing to the fact that the 
floor of the conduit must be kept as high as possible on account of the 
4 unfavorable character of the ground along its route, and because the 
street surface along the line of this conduit is lower than ‘desirable, 


an ‘scant headroom is available, and the conduit has been ee ith 


a flat top of reinforced eonerete, 


mt been suggested by interested citizens that the main in storm 
water outfall should be ¢ at the foot of Sixteenth Street, and by some 


: is even contended that te sewage of the entire area that. can be 


made tributary to the intersection of Sixteenth and Division Streets 
ould he carried in a large « conduit eae Sixteenth Street to the bay. 


g Fourteenth and ; aon Streets as the initial poi nt for 
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SEWER SYSTEM OF SAN FRANCISCO 
~ such ssi it can readily be seen by a glance “ any map of the 
‘city that the distance thence to Six teenth Street and along Sixteenth 


Street to the end of Center Street wharf would “be twice as as great 
as the distance from the same point along Division Street to the head 

of the open water in ‘Channel Street . Consequently, a conduit along 


‘Sixteenth would have less gradient a storm-water outlet 

along Division Street. It would have to. be of larger cross- section, and 
“the: velocities in it would be less than if located along Division Street. — 

In other ‘words, for conduits of similar dimensions, on the two routes, 


there would be more probability. of surface inundation at and near : 


‘Fourteenth and Harrison Streets if the ‘conduit ‘were located a 


Sixteonth Street than if located as planned. 
7 ae The foot of Sixteenth Street does not ‘meet th 


e requirements of a 


7 permanent outfall for th the sewage of the area that can be made tributary e-. 


a to ‘it. 7 Nothing that can be delivered at North Point should be allowed 
to reach the w: water at such a central point on the eastern bay frontage. __ 


Attention may on may b be called to the fact that, in require: 


a collected in a secon ndary interceptor which will skirt the northern ‘n- 


of these hills” and connect the North Point main at Ninth and 
: Howard Streets. The s to orm- -water ‘overflow 1 from this secondary in 


Potrero “interceptor will flow in suitable conduits to the Division 


Street relief ef outlet, & 


North Point main will be i in tunnel under ‘Telegraph Hill 


if it follows Montgomery Street. ‘IE located on Sansome 


Street, the tunnel construction, if required would be m much 


sewer was p lar, 8 
q in diameter, with a conerete invert and a | brick arch. In. 


Bcround it is to be supported on piles. Double sheet- -pi iling on each 


Bride is to trenching. |The piles used as guide piles for the 


re to be left in 1 place as a part : of the ‘sewer - foundation, ; and 
on side trench is to serve as a part of 


8 torn Longitudinal steel rods are to be 
Bp laced 


— in the concrete, ‘as many piles" as may seem necessary for 


Bupport are t to be driven” in trench and capped w rith 


pi the sewer et. 


— 
— 
— — 
— 
&g 
— 
— 
— 
— 
> gradient ibed the ~when- fowimmg 
gradient prescribed for the sewer when flowing = 


full will have an elevation of 7.00 ft ‘City Base at Eighteenth 


and ‘Division Streets, dropping | to 8.50 ft. below City. Base at the 


all. “Its gradient is about 0.0005, or 1 in 2 000. 00. sewer 


800 near Division and Streets 


high The : sewer at the same point, will be about 

12. 90, ft. or a little more than 6 ft. ordinary 


“during the falling tide it will be accelerated. ‘The 


ae of this will be a reduced 01 utflow into the flood tides and an increase d 
discharge into the ebb, is a desirable feature. 


front which lies to the eastward P 
three subdivisions, from 


he North Point ‘main 


| in 
t 


of the system of sewers outlined for these and for the many other 
main and sub-districts, because the problems are in large part: the same 
are. presented in all growing cities. Only those features a the 
wobllens will: be ‘referred to which appear somewhat unusual or may 


district, which extends from “Telegraph Hill ‘the north to 


Hill the | south, and Ties ‘between the North Point m main 
an and the | bay, is a low, flat, for the ‘most p part filled-i “in, section of the 


city. is throughout an n important business district. “a 
A; te The storm-waters of this sub-district are e to be delivered to the “ie 
for the most part in the | ‘sewers now in but remodeled far a 


: an practicable to give ‘them continuous slope: toward their outfall points. ‘ 


Sewage proper will be provided for i in separate conduits leading to 


‘short “distance east of Drumm Street. The pumps will, 


pumping station between Commercial and Sacramento Streeis, a a 
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THE ‘SYST 


will send the “sewage northwestward along Fifth Street” into the 


“ironstone pipes. ‘The smallest lateral "sewers ers are to be 8 in. in 


“diameter and the x minimum on which these are to b be laid, 


with tet exceptions, will be 1 in 200. - 


In both these distriets the sewers the separate will 


principal objection te the use of the combined system in these 
districts is ‘the fact that the surface of the districts. lies low. Very 


much | of it is at City Base. ‘The | efficient. drainage of basements 


not been possible with the combined system heretofore in use. Better 


service was demanded. was necessary to choose between, | on the 


hand, a a combined system of si ‘sewers leading peeing 
with storm-water relief outlets to the bay and intermittent pumping, 
“and, on the other hand, the complete separation of the sewers from the 
% storm-water conduits. In the former case there would have been times, _ 
during rain storms, when the sewers would have been full to a plane 
above high tide in the bay, and back-flow into wn 


by, check v valves would have been inevitable. From this situation 


wes no remedy either to provide _ pumping capacity 
com 


r gas and ‘water, and 

-eonduits whens and wires for transmitting 
electricity. It was found in many places to 


main drawback to this s system is s probably to 
ze that some of the stre 
subsidence, 


‘mown tha the end of Market Street 


? 
e at official grade, was - was 


several feet low, and ‘the buildings with their sidewalks, 


constructed at grade, had settled ‘measurably. Nothing 


known concerning the continuance of the subsidence. 


o be sewered on the separate system. The — 
e pumping station for this distr 
q pumping station for this district is to be located north of Channel 
| 
be 
ve 
— 
sed 
her 
ame 
the 
pe flow, or to introduce the separate system. The latter plan was adopted, _ aa ae 
main 
| 
= 
found in the 
ll in a 
ts, 
th 
braces 
yf the 


are supported 0 on 90 ‘ft. more in in show measur 
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opinion: seemed to prevail that but little 
~ ne adopted system, under these circumstances, 
e support 


ace the 
on type of can 


more was to be expect 
t of the sewers on piles. Tt was proposed to pl 
In the light of later information, it now “uncertain whether 


included p provision ‘ui 
ewers in a -eontinuous, pile- suppor ted of reinforced concre te 
herever the ground v Ww vas doubtful. 


devised hold the sewers 
As City | Engineer during 1900 to 1904 the sete win studies of 
subsidence. e. Ca 


ig Careful levels were » taken at intervals of on one year. 
results | of these se studies for the two years, 1901 to 1903 shown 
a 


TABLE 18. —SUBSIDENCE OF In SAN 


SUBSIDENCE, IN FEET. 


og 1902- 


From April, 1902, 


“idence on J Jackson | Street except a small 


Pe ns * 
East Streets, > the subsidence ‘during the preceding ‘year had 


From April, 1902, to April, 1903, subsidence on Spear 


only ‘Mission Street, where the: ‘subsidence during the pre- 
12 months ft. art 


— | 
eee 

— 

&§ 

mt 

— Jackson Street, Bryan Streets........... OF 
: rket to 15 > 

Davis Street except a sn the preceding 12° 
> 
al 

i 
st 


on 


no provision or the support 


structure in- or adjacent to the treet, 


of sewers would be adequate to prevent: settling, ‘If the sewers are 


years, | and the dip» will increase until after ¢ a time the departure from 


the true grad are may be so great that reconstruction. of some of ‘the 


occurred since the subsidence ‘studies 


F hid to rade e there will be sections di dipping below grade : aft ter a a few 


mation is at hand a 


the effect which the violent shaking has had upon the ‘general n 
of the street surfaces i in the made-land districts. L ocal upheavals of 
a foot or more, and local depressions of the ground’s, surface have 
been noted in various parts: of the city. Where these occurred the 


more or less destructive to all ‘conduits in the streets, and 
caused serious derangement of the sewer sy sy stem as planned ‘if it 
been in service. It is ‘probable that whatever changes hi have 
Produced in the street lev els, | by the earthquake, have brought 
e nearer to a permanent condition of stability. Ata any rate, the prob 
bility” of the of sufficient: force | to 
destructive to sewers is too remote to be taken seriously into. 


in the system. location of the areas where a 


Ait 


conduits of all kinds i in ‘earthquake of 1906, 
knowledge may here there lead to some “modification of the 


tion of a sewer or to s som ‘modification n. 


ower Islais Creek Distric A dual treatment has been 
iS the Lower Islais Creek district. - From this district | sewage proper 


is to be pumped through a long force main into ‘the: North Point 


Spear 3 sewer. _ Where there are no sewers now in use the collecting systen 
he pre- will be ‘Separate from the storm-water drainage; but where sewers have _ 
4 ready. been constructed for sewage and storm- “water com- 

bined these a are re to 
leration ing station, which will be centrally located, will such | that 


water will pass ‘through: a relie liek outlet to Tslais. Creek. 


ec combined 


official grade Irom curb to cUrD, “car tracks supported on piles “4 
sat 
= 
s of down-town sections will 
ear. The earthquake of 1 
4 
4 
| 
ction q 
1 > — 
e sub- 
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— 
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system will be stopped. - The sewers of the > separate system are to reach 


ies pumping station at 150 = below City Base. This low grade is 
- made necessary by the large tributary area with low- surface elevation. ; 
Ata mean stage of water in the receiver at the pump the total lift, 


including friction in the discharge main, w will be about 50 | 
Only those sewers of ‘this, a as of ‘other, districts that lie within 


aX, 3 _— improved territory or or ‘that are at ‘once required to reach pumping 


stations or outfall points | were e recommended for immed 


tion. . There are some cases ‘in which the s sewers for 


construction lie along str the marsh and not 


graded. A In these cases it med that such streets would be 
as atter of urgency, and that within: a few 


he North Poin h 


No rth Point main is to a neat of brick. or concrete. There 

will be two settling basins of small diameter, to intercept coarse sand 

and ‘the broken rock reaching the sewers occasionally with ‘the ‘storm 


water from the macadamized streets of the “outlying regions. _ These 

basins are to be arranged so that one o or both may be in service. | The 


removal of material from them w will be by by the 


Alongside of the ain sewer, before it enters the s screen- 
nere is to be a long overfall weir, with crest at the hydraulic 
ine, ‘ae a little below this, over which any excess flow of storm- 


wate ter vi drop» into a low, flat conduit of brick or conerete leading 
Dies ee The sereen-house ¥ will be > equipped with screens for the > interception 
0 of rags, -eork, and ¢ other floating material that sho should be removed from 
the sewage before it is discharged into the bay waters. The outfall 
pipes are to be connected with the settling chambers, and are to be 
-— earried at least 400 ft. beyond the head of a solid pier projected for 
Beis ile point. They v were planned to be of cast iron, 5 ft. in diameter. 
‘It may be found desirable to substitute r reinforced ‘eonerete, They are 


be placed in a trench excavated by dredging to about 50 ‘ft. bene 


a 

Point main sewer it is not practicable, 


d ‘their location 
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es final point of The improvemen of streets along which 
ion | sewer is to be built is n the fut 
sewers is is out t of the question o 
4 terminate for a a time on the north ‘shore “Hunter's Poi Point, and 


ve ‘The time may come when the demand for keeping the waters of — 


a the bay absolutely from sewage will be ‘so great that, whether 
to the senses or not, the: ‘delivery of sewage on the easter 


n 
ond northern | bay frontage of the city, must be stopped. “Should this 


time ever come, the will remain in ‘service, bat 


- pumping will | be necessary to send all sewage along the water front — 


an outfall. at Fort Point. The arrangement can there be made to 
‘Gocharge practically all sewage of the bay slope of the city into the — 
‘ebb tide. In this event the sewage from 80 remote a region even as — 


bod View would be delivered by } pumping i into the North Point | main, _ 


would be the main pun ps located near the site 


= always be more or panes sewage e sent into the bay at less beg 


reen- sirable than those selected as main outfall points. 
raulic Until actual es experience shows it to be ‘undesirable send limited 


torm- ose of sewage into the bay with delivery into deep water, at 

a few selected points, the great expense of ane all at ‘Fort 


option It was planned, therefore, to deliver the sewage of f the Harbor View 

District, lying on the northern front of the e city, to the 
utfall Black Point. into ‘the bay at the foot of Scott Street. The e sewers of 
to district, as. sat present, will carry both se sewage ‘Proper and 
ed for water. r Storm. water relief outlets are planned with a view to bringing 
meter. existing s sewers ‘into use at their full capacity. ' The drainage e system of 

ey are district was designed with 1 special reference to the present improve- 


‘ments. ‘The intercepting sewers follow streets along which immediate 


constr is practicable. n the reclamation | of the waterfront 
property has here been as of intercepting se sewers 


ible, of small « capacity will be needed. The relief outlet vill 
cation, Serve as below ‘the 1 up 
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ar reach the waterfront, where their flow the lower 
and be carried by the same to the main outfall point. 
2 ae This system of sewerage will have the disadvantage, for the low area 


a close by the waterfront (as yet but tia ally improved), of ‘affording 
only imperfect basement and cellar But the property owners 


a will know the limitations, and can plan their improvements to ‘Ineet 


but 


he discharge i e into the bay will be through a large pipe, ab 


ft. 1 long, terminating in water 40 ft. deep. The capacity of this 


pipe will be adequate for the ordinary sewage flow, with the usual Oce 
included small amount of rain-water. All excess flow, as already cons 

stated, will the bay through storm-water relief outlets, will 

the, District a project was some 7 
yet previous to the e studies of 1899. sewage and rain-water mad 
carried in common conduits to an outfall just west of Baker’s Beach. deliv 
_ At the time this outfall was inspected no trace of sewage at the | hore 


nor of “offen: sive odor could be e detected. Ms The ‘strong pee al ¢ nts 


sweeping tin part of the > shore warrant 1 its 1 use as a point of disposal. 


The later de designs provide for an extension of the outfall farther 


ye 


Orner OcEANn- SLoPe Sewer | Di 


The topography of the ocean ‘slope of the city westerly and south- 


Richmond District made a subdivision into four additional 
districts “appear r desirable. These e are the West 


includes Lake 2 Merced gion, and extends to 


4 


The handling the sewage: of these districts, which the 1 
the most. part in | ‘time be densely “populated, is ‘complicated by becor 
the fact that the ocean beach, ‘extending for s several miles southward the 8 
from t the Cliff House near Point Lobos, i is a the 
and must | be preserved undefiled. 


Th 


is “consideration. led the w 
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a delivery of all ‘sewage proper into the ocean, off Point 
where it be so “to disappear ‘eompletely. this 
point, ‘the oceanwe ard. flow ay from and not toward the 
rs _ Storm-waters were to be | collected in ‘separate c¢ conduits with out 
a falls into the ocean at selected points. The principal. outfall points 


tentatively suggested for storm-waters were at the foot of r "Street 


it is understood that the plan of here the 
Ocean Beach drainages is not to be adhered to. It is now proposed 


construct at once an interceptor for both sewage § and storm-water which 


will discharge into ocean at the 


Poir nt Lobos outfall point 


already 


referred ‘to. Sewage will in deep water well off shore in 
ne The rapid ‘that is place on the occ ocean has 
are made it appear desirable to install the works: for ‘the temporary 
ch. e from a W. est ‘Richmond ‘pumping station “into to the 


Forty. R ‘to Avenue, to. ‘dn, 

to Forty- and along Forty- eighth Avenue into the tunnel 


x ~ste to a junction with the main interceptor. — Vv elocities in a 
uth- level sewer are estimated at ft. per see 
ona ll the « ocean- -slope districts, except, portions of Richmond, 
pper but sparsely settle di in 1899, but a rate of growth Rae anticipated mae. ; 
that ‘made ‘it imperative to provide menus at early, date for a 
‘digpocal of the sewage from the improved areas, At ‘that time there 
i in nproved areas of small extent at an nd near the beach 1, both to 


north and to the south of the Park, and Sunset v was 


4 


vecominge popular as 
the southwestern 1 part of the | city, a portion of the built. “up area was eg 


over the divides on the ocean slope, and needed attention. 


The ultimate point of outfall ‘taken i into consideration for this 


section of the « city \ was Point Lobos, Mile » Rock. ere 


: 


a residence 


all 


uitial 
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Point Lobos Heights, made it it undesinble to 


ne de with inn outfall ; sewer at the outset. 
this reason 1 the following treatment of the ocean- slope region was 
is 


1a8 since been modified, as already explained. 


Upper Sunset District, .—The 1e region lying south: of Golden Gate 


- ark, between the Park a: and the Twin Peaks and Blue Mountain group 


off hills, far west st as Twenty- ninth Avenue, has been designated 
Upper Sunset District to. > distinguish it from ‘that part of Sunset 


which lies lower elevation nearer the ocean. 


‘The se sewage age of this - district, ‘under the > plan of 1899, was to be 
‘across ss Golden Gate Park and delivered into the 


nains of the Richmond District, with outfall at the foot of Twenty- — 


seventh: just ‘weet of The | waters were 


Golden | Gate near Merced, is known as 
District. ale In 1899 the greater portion of this region was 
covered by high, irvegular sand dunes. Streets had ees ago been laid 


out, but official grades remained to be established. At that “time, 
tet therefore, it was premature to commit the city | ‘to a ‘definite e scheme 
sewer alignment. "Since then, however, this region has been one 
of rapid development, and no mistake was made in 1899 in asad 


mending the immediate construction. of works for + disposal for 
_ which there is’ “growing need. _In this district, as for Upper Sunset 
District, complete separation m of “sewage from storm- -water was 
recommended. This” ain has now been modified, as s alre ady stated. a 
region known as West Richmond 


on located near the « ocean, on ‘the: north line of the Park. 
to pumped. ia ‘mains: of the: 
ichmond istrict, ul nately Point Lobos 


Heights into the ocean near Mile Rock. Under the plan, the 


ost of tunneling under -_ & 
— 
oy; 
— 
lc 
Sp 
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ica 
——_ At the present time both sewage and storm-water are delivered into — | 
the Park, as a temporary arrangement, and are being or 
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View District-—Ocean View District is the area sloping 


. westward from the p peninsular ridge, | in the southwestern part of the 

city, toward Lake Merced. It embraces parts of Ocean Vv ‘iew, Lake 


iew and Ing gleside. . Itis is a sparsely p populated district, but needs  out- 


fall sewers 1 at once its drainage i is toward Lake Merced, which 
js still in use as a source of water for - the city and will probably a 


The storm-waters “of this ‘district will necessarily follow natural 


‘drainage lines westward to points w re can be 


a 


q 


constructed 


‘Pumpine Stations 


a 


West ‘Richmond station, 


“could ‘be effected. "Under ‘the ‘modified ere will West 


Richmond d pumping | station, 


The capacities were fixed, in to fit the 


the w water- table, and that is pneumatic method of construction np 
be ne cessary. . The receivers at each pumping station are to be inter- 7 


arranged for use sep: "separately or in conjunction. The 


before « entering the receivers, is to be screened. Ventilation is 


to be provided by : a shaft. or chimney, in 1 which a small fan ie 


a multiple injector nozzle, is. to create a 


nits are suggested for ue 


Pumps in or in order secure 2 the greatest “possible adaptability 1 to all 
quirements, motors ‘were only tentatively selected for cost- esti 


— 
— 
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. — 
— 
manent tunnel outfall, have already 
Sewage proper will be collected in separate co 
carried in a closed main wers of the — 
Mechanical Engineer. Centrifugal p 
Pumping stations, although, for use at t 
vertical, crank-driven, triple-plunger pum 
— 
) 
ee _ The receivers were planned circular in outline, in triplicate for each = (i 
— 
ond 
ated 
ark. 
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< required. Steam engines» require more 
space and a greater cost of attendance. ea They are objectionable on 


account of the smoke nuisance, and are not as well suited to ‘i inter- 


mittent character of the work that may be required. Seay a 


The or discharge main from each pumping station is to be 

of 


cast iron. Additional facts relating t to stations are 
: “TABLE 1 19.—SEWAGE ‘Stations 


| Length of 


20wer 


in feet. 


friction 
in feet. 
Present 
horse- 
Capacity 
receiver, 
in gallons. 
force main, 
Diameter of 
force main, 
in inches. 


Total lift, 
including 


horse 
required. 
a 


Mission Flats, 
Lower Islais Creek. 


Concerning the 


are 6 — use up to diameters of 2 ft 


g-shaped. Larger s sewers are to be as stated in the 


ease of the n main relief outlet to Channel Street, which is to be flat— 


st 


the lower enc d in in or possibly three compartments, as already ex: 
ne arly rectangular, | 9 ft. . wide and 84 ft. high 


42 wer} 
The egg-shaped ‘sowers e large cwveular sewers we ere planned 


to have concrete inverts wi 


stability. hey were e designed without 
WER It is understood that the plans have recently been modified some-— 
- what in the matter of f sewer types. T he use of reinforced concrete is” 
to be extended. All sewers of greater diameter than 2 ott. are to bod 
constructed this ‘material. is to be used invert 
is to be stated in ‘this connection that recent by 
err 


City” e sewers it in ‘Sixth Street ‘and HS Street 


ve "Years ago show that these sewers 
ear in invert of the H Street sewer, are in 


on. effect of sewage 1 ‘upon 


well 


> 4 : 
— 
— 
th 
re 

| St | 48 | 8 | 60000 16 
i 
| Sewers = 
th 
= 
— 
— 
— 8 ce 
— 
— 
bo 
At 
— 
gee Shi 
— 
oun 
be 

— excellent conditi th 


country, to build ‘the sewers concrete shells of minimum thickness, 


which is sure to be attended with many failures, is. to be ‘followed or 


The report was: a cost estimate covering 


‘The expenditure of $46 600 000 was 
At an election, held soon after the adoption of the report, b bonds in in 
4 this amount were voted to carry forward the work. . Before these Bonds 
- _ were issued there was a modification of the form of government in ‘San - 
Francisco. Theretofore the city w was subject to control by the State 4 


Legislature Legislative enactment, in the early history of San ‘Fran- 


cisco, had consolidated ‘City and Amendments to the Consoli- 


ep 
halos: Act were thereafter the convenient means of securing priv ileges 4) 


: in the city of laying out new streets, and of prescribing and limiting 
powers of the: Board of Supervisors the other City and 


wers The charter which was adopted in November, 1899, modified all 

ot “this, and, among other: things, created a . Board of Public Works, with © 

the duties ; but this charter, which went into effect on January Sth, 

1900, made no provision for carrying to completion the proceedings 

y ex relating | to bond i issues commenced under the Consolidation Act. The 

1atter was was “carried into” the courts, whose. decision was to the effect 

that the s sewer bonds voted could not | be issued. pro- 

During the first few years under thee new matters as the 
bonding” of the city fo or improvements moved slowly. bs Each step had 
be subj ecte ne test of the 
ote is be subjected to the test of the courts. — It was not until 1908, there- — 

to be 7 fore, that a new tiles was passed by the ‘Supervisors rs directing the City iS 

— mt ngineer again to prepare plans. ta a ‘comprehensive : system f sewers. 
tin accordance with ‘this requirement, the plans of 1899, with but 

by 8 ‘slight modification, were re- “submitted the writer, then City Engineer, 
Street andes date of June 30th, (1903. The cost estimate was increased 
ewers, because it covered sewers not recommended for immediate construction = 

wat in years before, and because there had been considerable ‘advance in n the 
‘price of of materials, ‘and particularly in 1 rages. estimated cost 


merete 


the sewers, and accessory then recommended for _construc- 
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‘The question relating to th ut, 


e issuance — sewer bonds in this amou 
together with bonds for other purposes, in the aggregate a 


| 
$17 000 000, was submitted to 4 he voters in November, 1 1903. The 
bonds s for sewers were again v re 


oted. But the bonds ¢ as authorized we 
st. This low 


rate of interest ‘coupled with the 


oY 

fact that the ‘government of the city had 3 meanwhile passed into the 
hands of officials who did not command public confic lence, made the 


sale of these bonds impossible. At length further attempts to sell 


ads of this issue were abandoned, , and the City Engineer | was Ci 


d 
upon for a new report. This was after the great. calamity of 1906. | 

Restriction of the sewer wor ‘to the main lines of sewers was de- 

manded, in order issue as low : as possi le. 
latest recomm re, ub-mains 


a 
that were included 1 ino the recommendations of 190 


, nor even the full 
sy of 


to expend 000 on | ‘he stem again ‘resulted by 


{ sys stemati main sew ers” and and inter- 


 - 
q 
— 
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— 
ceptors has now been commenced, 
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“AND” DISCUSSIONS 


This” Soe iety is not. responsible, as a for the and 


THE DESIGN OF ELEVATED TANKS 


STAND-PIPES. 


Soc. 


C. E. 
TH, 9 09, 


subject. has nev er ‘be fore been: treated for this purpose, and it is 


fore Me: most sincere w ish that experienced engineers in this field 
offer” most criticisms, order to ‘make the final 


4 q 
guide. Attention may be called to th the 
t 


‘ma tne writer ror 


it this - specifica 1as been u use sed by the writer — some time, 
has always been a oi 


he wr iter wishes 


M.A d H. 0 
Am. Soe .C.E,, whe: Mr. J. H. 1 tance in the 


‘Nore. —These papers are issued before the set for presentation and dis- 
cussion. Correspondence is invited from those who cannot be present at the 
_Mecting, and may be sent by mail to the Secretary. Discussion, either oral or 

written, will be published in a subsequent number of ' Proceedings, and, when 
_ finally closed, the } papers, with discussion in full, will be published in Transactions. 


- 
ers. | D9. No. 
i”. 
— 
the 
the 
sell 
906. 
ains” 
full 
Tull 
sings 
by a = 
C. W. Bircu-Norp, Assoc. M 
| To Be Presenrep May 
& 
it 18 the writers intention to submit herewith a general specifica- | 7 j a 
pes, which he wishes 
| | 
| 
4 
3 reparation 
preparation» 
| 


ICATIONS FoR STAND- Pires, TANKS AND Towers. 
Loads. 


.—The dem oad shall consist o 1e weight of structura and 
—The dead load shall consist of the w —— ee 
ornament: al stee lwork, pla \tforms, roof uction, piping 
‘he live load conside red shall be the contents of tanks, the 


movable load on platforms a and. roofs, and ‘the wind pressure. 


3.—The weight of water sh shall be assume ed to be 63 Ib. cu. 


and that of crude 2 oil 56 Ib. p tai cu. ft., v1 cu. ft. . of fluid being equal 
to (.45 ga 
4—The live lo: ads on platforms and roofs shall be t taken at. 30 Ib. 
per per sq. ft. or ¢ 200- lb. concentri ated load applied at any. point. 
5.—The wind pressure sh: all be assumed at 30 Ib. per sq. ft., acting 
in any direction. ‘The surface es of cy indrical tanks s exposed to tl he 


shall be calculated at two-thirds ‘of the diamete r multiplied by 


‘the e height. 


TA parts of ‘the | struc ture in all be proportioned s so that the sum 

of the dead and live loads ll not cause the strains to exceed those 


given in Table 1. a 

= 
TABLE 


Pounds p pe er 
square er 
~ 22 


fo 
| 


Net a ar ea. 


Shear on bolts and field rivets ¢ : 
Shear in plates..... ..... Gross section. 7 
Bearing pressure On rivets and pins ................0c0008 

Fiber strain in pins.............. 24 000 © 


 8.—For compression members, the permissible unit 


Db. shall be reduced by | the formula: 
L 
q where P= strain in compression, pounds per 
square inch; 
I= = length of member, from center to center of connections, 


in inches; 
7 = least radius ds gyration of section, in inches; 


— 
THE DESIGN OF ELEVATED TANKS AND STAND-PIPES— /[Papers. 
be 
NY a tl 
— 
4 9 
=f 
| 
— os 
— 4 
Ue TMOVADIC Platlor ms and roots shall not he 
considered ag actino tooether with the wind pressure. 
— | | 
— 
a 
— 
rain of 16 000 
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‘ratio ‘shall nev 


=e 


2% of the combined dead a and live loads. 


in bracing and other members taking wind 


stresses may be inereased to 20.000 Ib. per sq. ing except as shown 


_ n Table 2 will be permissible on founda- 


he pressv 


ye in 


plates 
es 


= 

Brickwork w ith cement mortar 

Portland cement concrete........... 

First-class sandstone..... ............. 

_ First-class limestone 

First-class granite 


De tails of Construction. 


12.—The plates forming the: sides of "cylindrical ‘tanks shall of 
different diameters and shall be ‘caulked “from the inside. 
material shall be allowed caulking. 


horizontal seams and for 
bottoms of shall preferably be Jap joints. 
14,—Fi or vertical seams lap joints shall. be used for & 
plates; double butt joints for 3, and in. plates: : and triple 
mutt joints or anc in. ates. 
Rivets, 5 in. in diameter, shall be used for } and ,},-in. 


rive in. in diameter $ to 3-in. Plates, rivets, 


> 
in, in diameter, for 1 1-in. plates, inclusive. 


~Plates § in. thick ‘sh ll be sub-punched and 


hall in sp 


be tin, in 
Te 


— 

| er exceed main mem ers and 180 for 

nid be if they are less than ‘ 
the 

ual 

ay 
by 
be 
q 
um 
— — 

q 
4 

: 

000 7 
2 

per 

ons, | 

Ti 

part 4 3 


shall never be less than that of lower ring in the part 


tan 


18.—The facilities at the x plant , ewe ‘the material ‘is to be - be fabri- 


cated will be “investigated before the material is ordered. 
19.—All plates shall be pi punched before being bevel-sheared for 


caulking. 


20. Radial se etions of spherical bottoms ms shall be ma made i 
cates of ‘the number er of columns si supporting the tank, and shall be 
reinforced at the lower parts, where | holes are made for piping. _ q 
1 —When the center of the spherical bottom is above the point of | 
@ connection | with . the eylindries al part of the tank, there shall be pro- 
vided a girder at said point t of connection to take the horizontal ‘thrust 
‘The horizontal girder may be made in connection with ‘the balcony. 
; This also applies w where the tank i is supported by inclined columns. | 
22.—The baleony around ‘the tanks shall be 3 ft. wide, with a j-in. 


floor- plate, and shall have a suitable railing, 3 ft. in. high, 
— ‘The ts of beri ical bott n te shal alv be 
—The upper arts o ric om plates sha always 
connected on the inside of the cylindrical section of the tank, 7 
4 —In order to avoid | eccentric. loading on the tower columns, and 


—loeal Stresses spherical bottoms, ‘the ¢ connections betw een the 


columns and the sides of the tank shall made in a manner 


that: center of gravity of the column section intersects the center 


the total. column load. 


If the tanks supported on columns riveted directly t to the to: 
sides, additional must be provi rided in the ‘tank plates riveted 


us 
dir ectly to the columns to take the shear. > he | shear "may be taken by 
providing tank or by reinforcement at the 


connections, while bending moments shall be taken by 


lower flange angles. onnections to columns shall be made in such 


_ manner that the efficiency of the tank plates - is not less than that 


wi 


26.—For towers ers, have a 1 to 13. T 
he 


height of of the towe or i is } understood to be the distance from the top of th 


masonry t to the connection . of the spherical bottom, ¢ or the flat bottom, 
— 


with the eylindrie cal part of , of the tan 


2%.—The bottom plates | of stand- -pipes shall be not less than + y in. 
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~ thick, and ‘shall be provided with tapped holes, 1 14 in. in diameter, with 


_ serew- -plugs spaced at 4- ft. centers to > allow a filling of cement on top 


of the masonry, while the botto sil is being ‘erected, in order to 


secure the proper bearing. 


8.—Near the bottom o of -pipe there be one 


by 18-1 -in. 1 ‘manhole of ‘elliptical shape. 


_29—Near t the top of each 1 tank and stand- “pipe there shall be pro- 
vided acting a support for the painters’ trolley and for 


the stiffening of the ‘tank. ‘The ‘section of the same shall 


a 


where D is equal to the diameter 


eet 


-30.—On large t tanks, ceircular angles shall provided 


G-tyouss to prevent the tank plates from buckling during windstorms. 


lhe distance between the he angles shall be located by the following 


formula: 


ite between angles, in feet; 


rick of tank plates, in ‘inches; 


31,—The | top of the tank will generally. be a conical 


of thin plates; and the pitch shall be 1 to or tanks up to 


2 ft. in diameter, the roof plates will be assumed to be self- supporting. 


& Tf the diameter of the tank exceeds 22 ft., angle rafters sha nue be used 


voted Plates. the following thicknesses will be assumed as self- -support- 

by ing for various diameters: 

lumn =y-in. plate, up toa a diameter of 18 ft. 0 in. in. 

and plate, up to a diameter of 20 ft. Oin. 

ye-in. plate, up to a diameter of 22 ft. 0 in. 

the ‘roof lates shall be > from + to ini in di: ameter, 

The shall be driven cold. ‘These rivets need ‘wot be headed 

Mitton 

38. trap- door, Q prov in the roof plate. 

rl via the top of ‘the higher tanks, a platform with a railing shall b 

im led, for the s: safety of the men operating the trap- door. 
1¢ 


— 

7 

for 
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Each ladder 
‘ge, high , 30 ft. or more in 1eter, 


shall be made of two 23 4 = bars 


expansion joint: on the inlet pipe. — 

35.—In designing tanks, in, additional height shall be ‘allowed. 


over-run. 


 36.—The racing i in the towers shall be : ye adjustable. 


= 


87—The : size of the > anchor-bolts shall be determined by the uplift 


the tank or stand-} pipe is empty. The unit strains in the anchor- 


bolts shall not exceed 15000 Ib. per sq. in., and the minimum “section 
shall be limited to a diameter of 1} ine - 
38. he concrete shall be assumed to have a a of 140 Ib. per per 


CU. ft, and shall be su sufficient ‘in quantity to take the uplift. : 
parts of the tank, sti and- ‘pipe, or tower, which difficul- 
ties may arise se in fie ld | riveting, ‘shall be assembled in the shop, and 


marked | propel erly before s shipment. 


—The structural “mater rial ‘shell conform to the “Gener: Speeifi- 


‘cations | for Steel, Railroad Bridges” by the American Railw: ay Engi- 
and Maintens ance of W ay ation. 
 41.—The workmanship + sh: all | be in accordance Ww ith the Manu- 
Stands ard Specific ations ot February 6th, 1908. 
as 
 42.—Before leaving the s shop ) all wo work shall be painted with one 
coat of approved paint, excepting the laps in contact on the tankwork. 
~All p pi arts which will be inaceeasible after erection shall be well painted. 
After erection, the structure shall be covered with one coat of the 
same paint. 


43. —T hree- ply frost- proof cas easing shal be provided, j if wy, 


be composed of two layers 
of 1 by 24- in. lumber, and each Sonal shall be covered with tar paper, 
and one outside layer of % by 24-in. dressed iil wine flooring. 
The lumber shall be in lengths of about 12 12 ft. A hi in. air space shall 


around the inlet pipe. This casing sha ] 


be provided between the layers of Tumber, and wooden rings oT 


separators shall be nailed to them ev ery 3 ft. The frost: casing may be 


made square or cylindrical. y 71 


x? 


oa _ 33.—An ornamental finial shall be provided at the top of tie 
inside of 
— with 3-in. 
walk shall be provided from the column nearest the ladder to the 
| 
— 
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b 
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This | Society is not b responsible, as as a a body, for the facts a and o opinions snkens 
in any of its 


EM OF COST E PING. 


Paes M AY 1909. 


of itemized costs of « contract always a attracts” 


o the very sn small value > 


> loeal condition at the 


who re re od and unc 


point of ec cons str m. Th er, who believe that all 


records have’ 


value, and on coe publication, no matter in what 
form, will be a benefit. There is. no doubt that the “record Is of cost 


of completed work are useful to some slight extent to others than their — 


compilers, but the value of such during 
the time of their collection: by the n men who are doing the work. 


B v their use, a A contr ractor. ean determine with reasonable accu 


racy 
value of the work performed during any specified period he can 


compare its cost with tha at of any other a period, and he can determine 
7 Nore, _—These papers are issued before the date set for presentation and dis- 
cussion. _ Correspondence is invited from those who cannot be present at the 
Meeting, and may be sent by mail to the Secretary. Discussion. either oral or 
Written, will. be. ‘published in a subsequent number of Proceedings. and, when — 
finall, closed, : papers, with discussion in full, will be published in Transactions. 
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he — 
u's 
he 
lift 
: 
aa 
and 
ott hie: peste ‘to the actual costs of unit items on construction work 2 
rather than to the bookkeeping methods used in obtaining those 
quantities. 
It seems hardly necessary to call attenti 
one 
the 
J 
vers 
“i 
yper, 
ing. 
shall 
or. 


SYSTEM OF COST KEEPING 


whether t the « efficiency of his force is increasing or decreasing and so. 
take the necessary steps to keep his” organization in good order. It 
must i be common _ experience that the ‘superintendent at the point of 


week by the best day’ 
“his memory is short, with regard to delays and bad weather, and te 
estimate of the grow! th of work in the field is prone to error. 
C ‘ost re records, ‘Valens, have a distinct: and important value to their 
and this paper, for whicel 
merits are claimed as to the system of bookkeeping which it describes, 
is presented that others s may describe their ion 10ds, with a view of 
developing some simple systems" of accounting, so that a 
contractor may know for what purpose he is mal ng expenditures. | 
The . Accounting System The company keeps but one 00k, 
a eash book; this boo nere are -enterec on 0 osite j ages the 
- receipts and payments of money. ie Tl he distribution of the payments to 
accounts is the ba of cost - in 


very ‘payment, no matter of what k ail or for what purpose, is 
in the form of a blank voucher, as shown 1 by Figs. 1 and 2 
each payment as made is numbered consecutively ir in the pee book, and 
number appears on the voucher and on every + bill, rder, or blank 
h concerns in any way the paymen in question ; the tracing of 
orders, material received, ete. checked by noting a voucher 
number is marked upon 


bill bes the back 


d, there: is written ‘the: account or item agains 


This cumieah may be charged 


icula contract, or against any 


is e ‘sample page of a ch s shown 


‘Fig “Each page represen item, and particular ntion 


is called t to ‘the left half I which represer nts 


These ‘expenditures are two 
‘fret headed Labor, repres ents lab or 
“column shows ond every other” expense 
; and the third, headed “Total,” shows Pati of the preceding 


two, ‘whenever desired. Tt. is evic ident | that this page is the key y to the 


vil 

= 

} a constr uction 40 ays ais 1at 10 gauges nis output tor 

— 
i 

— 

| 
) 

—— which the payment is 
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attached. 


PLEASE DATE AND ‘SIGN THIS ANS 
PROMPTLY, 
TOGETHER WITH ATTACHED DILLS, ALSO RECEIPTED. 


Correct as to calculation, 


in payment of above account, 


PLEASE FOLD THIS VoucHER BuT ONCE. 
PLEASE RETURN THIS VOUCHER RECEIPTED IMME 


ale 


OL 


09 


PLEASE FOLD THIS VOUCHER BUT ONCE, AND ON THE LINE. a 


eond 


main 


7 
ding 


Mord Size, 


26900 
| | || | &g 
2 THT TT | 
int 
ping: 
ures. 


‘Sheet Mo. 


mer NSTRUCTION | co. TRACT... 


DATE. VOUCHER EXPENDITURES LABOR 


|| 
q | 


-M. 


Work Ceased _. 


DATE 
WEATHER ----- 
TEMPERATURE 


SOF WORK. 


CLAs 
CL 


ommencet 


COMPANY, 


No 


ECTION 


SE 


ork Ceased____ 


We 


Wo 


OCATION OF 
Work Commene 


ENGINEER'S DaILy REPORT 


To be forwarded to main office every evening 


5 


ary 


Work Ree 


4 AND 


Coat REcEIveD 


Fies. 


Day. (Forward receipt tickets with this report.) 


Standard Size, 4 by 6 in. 


Bacs 


@ 


_ Material Received this 


40 


| 


— 


CemENT UsED -----------.-- 


PoRTLAND | 


Total 
Hours Worked 


Amount | | 


No, of Men 
ROSENDALE 


- 


“Sheet No. 
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SYSTE SYSTEM OF co cost 


entire system ; the cost of labor is distinct from 
aeo other charge, ¢ and that cost is | precisely the one most desired, a as 


other | costs, for | plant, r raw material, or anything else, can, asa rule, 


be determined or estimated without essential error. 


Before describing the er entries. in book, it necessary to: tate 
that soon as the company receives a contract, it prepares s a list 
showing” the items under which all “expenses: to be subdivided. 
if ‘the contract is. based on unit. prices, these items include the various 
units s of the contract; for example, » piles, or grillage timber, or water- 
proofing, etc., as well as items for plant erectio on, or plant remov al, 
r plant maintenance, which « cover expenses that cannot be charged 
against any one unit until the completion of the Ww work. Again, 1 many 


of the unit Sian of the contract are in turn subdivided. 


HARGE 
NO. RATE 


“Sta ird Size, 
F 1G. 6. 


As soon bad a ‘blanket voucher is is recei sipted and returned to the 


“company, it is charged against the proper item in eost-keeping 
edger, and is ; then filed, the only exception being in the case 0 
vouchers for pay- rolls. Ae one pay- -roll voucher covers either one or 
two weeks’ w ork, it obviously cannot be entered in the ledger until it 
is subdivided into unit charges. ‘This | is performed in the field by 
the timekeeper, who uses the cards shown i in ‘Figs. 4 5 and 6. Fig. 4 
shows the pay- roll card for each each ‘man’s name or number, 
together with the amount earned | by him, , is entered upon “this, 
and, the rev erse side (Fig. 5) is tabulated all the labor for the. 
4 day. This tabulation is then | carried forward to the eard shown by 
Fig. 6, and ‘is there itemized ed and ‘charged against. the various” items 
the contract. If the p ‘Pay- y-roll is met weekly, seven of these cards 
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| 
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GE CHARGE CHARGE CHARGE 
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SYSTEM OF 


- Standard Size, & by 8 in, 


ail 


equal: the total shown ‘the blanket voucher of the cash 


There is also w written on the itemized pay- -roll cost card (Fig. 6) ‘the 


snail of work ‘accomplished on each item ; the quantities are obtaine¢ 


by ‘the timekeeper day” from t the various: -foremen without ay ny 


difficult y and with comparatively small erro r. an example, ‘ig. 


is reproduced this an ‘actual card _turne 1 by the timekeeper. r. 
As soon as “the pay- -roll and blanket caer ade up, the item 
the cards ig that roll are enterec e cost-kee ping 
‘ledger, as. shown by Fig. 3. 


4 The items: in this book are totaled in pet will. at intervals of a few i. 


days or a week, in 1 order to note the pro progress a cost of the Ww work; each 
rently. totaled and checked in ink on the first day of | 
each checked against a supplementary card- -system, which | 


VOUCHER 
| 
| | | | 


Standard Size, 5 by 8 in, 
Fic. 


| | 


Terr 


- records the total cost of any contract, i in the condensed oe shown 


by Bi ig. 8. On this card, each blanket voucher is also entered as soon 
as filled out, and is itemized into one of of | five general headings; usually 
i headings are (1) Labor, (2) P lant, (3) Material Remaining in 
Work, (4) 0 Other Material, 1 (5) Sundries, there being five columns 
on page. This supplementary card ledger i is extremely useful 


showing at any time the | general divisions of expense. 
To complete the description of the sy stem, the card illustrated by 
‘Fig. § is is shown. - This card is the summary of seven, of t daily 


cards | shown by Fig. 4 4, and i is used i in making up tl] the weekly pay rolls. 
‘Tt t has ‘been found that. the « cards shown | by and 6 might 
be combined in one card in order to save re the time of the time- 


keeper, but ‘the sheet resulting from combination has been been found | 
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SYSTEM OF KEEPING 


to be too bulky to be ails on a stiff card, in which form all the 

_ records of the company are now kept, and, weil than use thin paper 

records, ‘the | present card ‘system is maintained. — 


e 


Standard Size, 4. by 6in. 


= 9. 


As used by, the the foregoing sys stem has furnished ‘the 


office force precisely the information which it - needed at any time in, 


order to trace loss of “efficiency i he. fields ‘and the records of 

completed work, particularly in respect, to > the it item | of labor, are in ‘the 

needed when other and similar is estimated. s system 

de Se scribed i is that used by the Godwin Construction Co., ¢ of New York. 
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This Society is not responsible, as a body, a the facts and « opinions adv anced — 


in any of its publications. 


-NICKEL-ST EEL EYE -BARS- 


OR BLACKW LL'S ISLAND BRIDGE.* 


By M. A. ‘Soe. OE 


Having « obtained some wong interesting results, i in connection with 
‘the preliminary experimental tests of ‘earbon and nickel-s steel built. 
riveted ‘eye -bars and | forged nickel: steel eye-bars, and in n the tests of 
‘the eye- bars used in the Blackwell’s Island Bridge, it seemed to the 
writer that it would be desirable to give a summary of this work, and 


where it would be accessible to those interested. 
The eye- -bars used in the structure e were the largest a mae 
factured, some of them being 16 by 28 in., with heads 374 in, in, 
F diameter, with 16-in. pins, and more than 64 ft. from center an center 
of Pin holes. Special, machinery had ‘to be made for upsetting and 


“rolling the -bar howd ond a testing of 2 2 000 eapaci ‘ity 


hed 4 to be designed and built to break them. 
Nickel steel had been. used for years, in 1 forgings, with ‘special | heat 


treatment. ‘The best “results "were obtained by oil- tempering 


‘annealing. Whe 1 it proposed to us use nickel for eye-| -bars, 


to place on file i in the Library of the Society, a ‘report, with tests, ete, 


_ *Additional data on this subject are filed in eh ibrar y of the Society, w here they may 
q be examined by any one who is interested. 


_ This paper will not be presented at any communications on the 
s 


ubject are invited for with it in Transactions. 
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the ‘pr ocess of oil- tempering and anneeling, and it became necessary to 

learn what results could be obtained by modifyi ing the ordinary methods 

of annealing carbon- steel eye-bars. 

The first nickel-steel eye bars were manufactured by The American 


Company at dge Moor, and were tested at Peneoyd, ‘in 1902. 


‘There were _twenty-o ‘one of these | bars, 6, 8 and 10+ in. , of basic open- 


he arth steel containing 3 26% nickel. cords of de tests of these 


bars are filed in the I ibrary of the Society, and : | a summary is given. 


in Table 1 1. The clastic limits were determined by the halt in th 
in ia 1€ elas hin is were ermine a in t 


mereur co. umn, in the usual wa 
In ‘February, 1903, the Commissioner of Bridges, of © the City of 


Yorl requested t the w riter to wake series | of experimental te 


ations ‘for steel of di different 


for the construction of the B 3lackwell’s” Island and 


B ridges. Eight bars: of basic ¢ open- -heart steel, “containing 


of nickel, were I made tested at _Pencoyd. rd. Records of ‘these 
with, the epenifcation prepared at ‘that time, are filed in the 


—— 


ciety, and a summary is giv ven in Table 2. The 
s lot of eye- bars were taken by scribe marks | of a 


fine poin on a base length of 10 ft. A summary 
referred * al and call, 


f the 


requirements may seem a little severe, but if proper care is taken in 

the: manufacture of the steel, can all be met. 

_ “In order to insure greater care in the manufacture and uniformity 
in the steel, high and low limits are specified for ultimate strength 
in all cases. ‘The leeway of 15 000 Ib. seems to be wide enough, and 


> should not have. to be increased. Tf the “upper limit i is omitted, the same 


will probably be used, and reliance ce will | be placed on the results ¢ of the — 
annealed test pieces to accept the steel. 
“Tension and bending tests are called for on the bars as rolled ~ 
without annealing. These are additional checks, to insure proper care 
being taken in the manufacture, and prevent brittle steel being used. ie 


‘Tf this is not done, and annealed test ‘pieces are relied on alone to 
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XOMPARISON OF SPECIMEN TESTS OF NICKEL-STEEL F 
Eyr-Bar TEsTs. 


Sans, UNANNE. LED, 


factured by Carnegie Steel Co. 
and t ted by. Amer ican Bridge Co. Analysi 

rican bridge VO Si. 0.011, Ni. 3.265. 

SPECIMEN TESTS. FULL-SIZE YE-BAR 


of 


-Unannealed. 


Elastic | Ultimate | of 


‘Elastic | Ultimate | Elastic | Ultimate elongarion | reduction. 
limit. limit. | strength. 
6) | 6) 
815 491200 | 230 
48.190 50 46.300 4100 
47-330 960 43 100 000 
50 655. 79300 | 44460 45 510 ‘0 420 
963 76 930 48 945 76 920. 47 300 72 200 
615 78 880. 48405 78260 46 260 74.290 
70 44 040 68 200 
50 335 74170 69.340 
78 790 44860 | 72400 
78 190 500 600 
73 480° 48510 74-720 
74.620 48.220 77 O80 
74 090° 41 450 
73740 || 43730 73 620 
79240 46.820 72920 
78110 46 480 
77 46 070 
710 || 42.960 
78070 || 44530 


Silky, Angular. 


3Cup. 
44,23 Angular. 
41.10 


78 
76 


Cd 


57.50 
51.46 
48.01 


47.44 

Angular. 
Ch. 
Angular. 

‘ Cup. 


Angular. 


8138 
410 
630 
460 
47 840 
48 650 
47-130 
50020 78930 || 47 210° 
4320 80320 |) 47970 


o> om  Blastic limit of specimen tests taken by drop beam ; of full-sized eye-bar tests by halt in gauge. 
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es drop 0 ‘The figures in Columns 5 and 6 are the 
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9, -COMPARI: ISON SPE 


by Carnegie Steel Co. 


_Eye-bars manuf 1ctured and tested at Penc wat 


Barks, UN ANNEALE D AND ANNEALED, WITH 


Ni 


CIMEN ESTS 
E 


Analysis: Cc. 0 


YE-BAR 


heat 
0. Phos, 0.02, Mn. 0.68, Ni. 3.24, 


*hiladelphia, April 4th,1903. 
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NICKEL STEEL. 


SPECIMED 


TESTS 


EyYE-BAR TESTS. 


‘Mark of 


| 6 by 2 
| 6by 2 ai 
6 by 2 in. 


6 by 2 


“| 
Unannealec 


astic ‘Ultimate 
imit. str > 


(3) 
52 800, 


51 
50 


Ela 
] 


101 000 
98 600 


45 190 


49 960 
51 280 
49 950 
50 520 


101 920 
102 460 
99 400 
95 150 
103 420 


49 450 
49 190 
390 


49080 


= Elastic limits taken with dividers; 8-in. gauge length specimens; 


Annes aled. 


Elastic 


91 450 
86 600 
88 8 
760 
520 
240 
4 4 800 


86 780 
000 
98 800 

810 
| 83 600 


83.140. 


Ultimate 


strength. 


Elastic 
limit. 


Percentage 
(Percentage 
Elongation: 


Reduction. 
ft. 


FRaAcTUR 


85490 


49360 86.160 


2.47 


|silky, 3 Cup, 5% 
| talline. 


| 40% Crystalline, 
regular. oe 
Cop, 25% Cr 
380% Crystal- 
Cup, 15% Crystalline. 
3} Cup,Crystalline,Specks 


Cup, 10% Crystalline 
on one edge. 


; 10-ft. eye- -bars. 


_ The figures in Columns 5 and 6 are the results of specimen tests of apnealed bars. 
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-NICKEL-STEEL EYE-BARS 
\BLE 3.— _ SUMMARY OF SPE CIFIC A- 


t UNANNEALED SPECIMENS, ANNEALE 
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Specifications. 


ec limit 


$ 
Elasti 


tic limit 


ation in 8 in 
Bends. 
Ultimate 
eth. 


as 
stren 


Percentage of 


El 
elon 


William. R. W ebster *s)| 90000) 85.000 


original specifica--| to 55 000 3 85 

 printec specifica- { 100 000 
| | 105 000 100 000 


Blackwell’s Island 


Blackwell's Island dag 85 000 
Bridge contract 100 000 | 55 000 to be 


acts . >, 
Lot or item tests § | 110 000 7 is 
heat with | 113 000 
high tensile strength {| min. 


F or bars which pass 95 000 
in head.... min. 


Conclusions: 

Requirements that 


95 000 
110 000 | 


proven by tests of 
bars for structure. 


ante * Tensile in full-sized tests reduced from 85 000 lb. down to 80000 Ib., all other re- 
Where only one amount is given it means_ minimum. 


check the ‘quality of ‘the material, there ‘is nothing to insure 
“finished eye- bars being “annealed in the same manner and simil: arly Te 
restored. — Whereas, starting with a known good materi ial, the annealing 
will further it improve i 


nickel-steel eye- bars were subt the 
rs, ¢ ting of Messrs. Theodore | Cooper, Henry 


onsi der an eye-bar 
cable for the 


be » satisfactory to them, except ‘that 


 eonsidered the « elastic limit of 50000 Ib. per sq. in. a little too high, 
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520000 
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000 
48.000 
do. do. do. do. do. | do. 
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These speci 
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SPECIMENS. ULL-SIZED BARS. 


27. 


on in | 


duction. 


reentage of 


elongation i 
ft. 


reduction. 


fracture. 


asic. 


e 


Elastic limit. 
Location of 


edu 


s | ™ 


> 


0.06 


a 
= 


at 45.000 


and 

80.000: 
85 000 


‘Ultimate. | 


1-800 000 
4 


limits of full sized tests ‘be taken extensometer on base length of 10 ft..a 


_ permanent set of 0,025 in. to be considered the elasticlimit. 


suggested modifying it 1 to 48 000 Ib.; also, that any visible set it in 


the eye-bar should be taken as the elastic limit, using the best np 
to determine what constituted a visible set—a magnifying if 


Tecessary. 


These specifications were when the asked for bids 
Isla and Bridge, but the contract. was: not awarded 


time 


One of the manufacturers questioned the 1 narrow leeway of 15 000 
Th, om ace 


on account of the influence of segregation | on the ultimate strength 
in as large an ingot : as would be required to roll the heavy b ars. In 


wrder to determine what differences would be found, he rolled 


from two heats of nickel ‘steel, 18 by in. and 18 by in 
each more than 65 ft. long. Tests pare taken from each end of these al 


EYE-BARS. 

= 

AL do. do. do. | do, | do. 

o. | do. | do. do. 

do. | do. | do. do. 

| 

arly 

jing 4 

the J | 

| 

-bar = 

hey 


bars to rese nt the top and bottom of the ingots, , with: the followir ing 


‘ ‘results: 


18 . . test ¢ cut rom top, 96 940 Ib. tensile. 


bottom, 80750 


These een were so satisfactory that he agreed that the leeway ay of 


15 000 Tb. was sufficient.* 
the city for ‘the second time, the specifications 


changed ‘materially, and an minimum limit of 100 000 Tb. tensil 

with no maximum Timit, was “specified. 


After the « contract for the bridge had been awarded, it was s\ 


gested to built-1y up riveted eye -bars in n place of the e forged 


y 


—ealled for in the contract. ‘The v writer, having been appointed Inspect- 


a ing E ngineer, w as instructed to make a large series of tests, on bars: 


of this ‘kind, of both high-carbon steel and nickel steel, in order to 


determ mine their relative: merits. 


There were tested. twenty- two high-ce arbon steel built-up up riv iveted eye- 


oo rs, of the following dimensions: 
7 


oe 


* Eye-bars, 24 24 by with in. pins. 


> t 


7 


ond twenty-five nic cke steel built up ye- -bars of the: following 


dimension ns 


8 E; ye-bars, 24 by 1 in., 


were countersunk. AIL holes “arilled ron and 
edges res planed: ‘most of the bars had tw wo lines +3 dr 
4 holes along the body. The eenter- to- -eenter distances 


"were 23 ft. 6 in, and 25 ft 


_ Fron rom six to eight tension and bending tests were haere ” _— 


‘from each plate, of both high-e 


a. A copy of all tests is filed in the Library of the Society. a _ 


tFully detailed drawings of these bars have been filed in the Library of the Society i 
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i bars 
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and all. 


drilled 
holes” 


cimens 


1 these 4 


Special care was 


order to determine the elastic limits as. accurately as possible, 


‘the writer had a speci ial extensometer made. It multiplied ten times, 


be relied on to about 0. 005 in. and) attached to the 


bar. _ Fig. 1 shows this instrument and the method of using it. 

_ None of the riveted eye-bars gave satisfact wal results, as shown 

by. the reports ‘the tests. The loss of strength in the 


Bo: -steel bars, from the average e of the | specimen tests, was from 


jt - 41% on the net area, and from 20 to ) 46% on the gross area; 
and, in the nickel- ssteel bars, from 7 to 130 13% on the net area, and 


om 


13 to 22.0%, on the gross area. 


‘This loss of strength was greater than would | be expec expected from. 
the results of tension tests on sm: all riv eted joints - on small narrow 

bars with drilled holes in them, and is no doubt due to the wide thin 

“plate tearing when tested ‘tension. Particular is called 


to this, as” it has often been suggested to. make 1 very ry large eye- bars 
from wide plates by machining them narrower in n the center in order 
to prevent the loss of st rength which 0 occurs in forged eye-bars due to 
annealing. Before large bars of this kind are used, a | complete series 
of tests ; should be made, in order to show what t the actual 1 loss i in 


strength would be. in a wide, thin plate, as compared with a a forged 
eye bar r of half its width and doub le its thickness made from steel 


“showing the same tensile strength i in the spe cimen tests. oo 

Fig. 2 illustrates, an end of one of ‘the 2 4-in. riveted bars, and 


Z shows the transmission of the str ‘ains by the 1 rivets, as indicated by the 


‘acking of the mill scale on the y pin- plates, s, ina remarkably uniform 
All the 1 reted earbon- steel -eye-bars broke off square e, with granu- 


' lar fracture, little or no reduction of area, and clongations from 0.06 


to 3.21% the body of the e bar. The nickel- steel riveted eye- -bars, 


‘ ade of the softer heat of § steel, c 1, containing 0.30% of carbon and + 12% 


of nickel, broke with from to 8 85% granular small redue- 


‘tons ns of are wrea, and gations from 2.17 t to. 3. ‘in the body of the 


 *A report of these tests, aaaaias with a diagram showing the location of the test pieces 
filed in’ the Library of the Society, 


in the p 
OR iled in the Library of the Society. 


— {Full details of all tests, with with extensometer readi ngs, have been filed in the Library of 
the Society. | 
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NICKEL-STEEL EYE-BARS 
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0 of} 


all the steels, containing 0.477% of carbon and | 


of carbor 


with granular fractures, Tittle or no reductions of area, 


a onil elongations from 0.78 to 2. 39% in the body of the bar* 

Before these full- si zed tests were completed, instructions: were 
issued to the writer make tests on nickel-steel forged -eye-bars and 
to report on bars he consi red ‘best ‘suited for ‘the 


of wie. and 8. 40% of nickel. The same care was exer- 
in rolling these bars: as in rolling the former bars. The eye 
bars were all forged by The American Bridge Company, at 


and were ‘tested at the works of The Phenix Tron Company, ny, 


Phamisville ‘Pa, but ‘some of the larger bars, ‘could not be broken = 


they were | beyond the capacity of the machine, 


‘Tension bending tests were made from each end of each 


‘The writer reported on the of all the tests 

use of forg ed steel eye-bars. 


Table 1 giv nmary of the results of all t on 

steel bars; the comp ns there ‘given are between 
the riveted | the forged bars. Table g 


ection and 1 the fore 


2 


average res ults of the 


Before 


“eye: -bars for the structure, the folowing full- sized t tests w were fot, j 


full-sized ‘be tested from the first a 


Sr ades ae - _ ¥*A blue-print and a report, giving the location and character of the fractures, is filed in in 


+Full details of all specimen tests and full sized tests, ‘extensometer readings, i 
are filed in the Library of the Society. 


Report filed in Library of the Society. 
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a machine, however, about 2 000 tons of nickel- steel flats for “on a 


bars were rolled before these preliminary tests were made. As the 


contract ¢ specifications | did not give any w upper limit in tensile , strength, . 
> 2000 tons of ‘flats: ‘teally consisted of two grades of steel, as the oa 
ultimate strengths in the sample tests ranged from 100 000 to as as 
he results of the ten full-sized tests of eye- -bars from: the ft 
four its were so irregular that they considered experimental 


had been forged 1 up to ‘that wwe under 
ad been forged up to th 


vary ing using | a pyrometer 


were submitted for test and inspection for In 


made from of steel of than 115 000 Ib. 
per ‘sq. in. tensile in the sample, 80 irregular - that it was 
; decided to make a sized test” on an eye- bar each (of such 


a sized test.‘ on each he more 000 per 


. in, tensile i in | the sample ‘tent, st, if sample te test ‘showed 


win 
in ‘specimen tests reduced to 95000 
Ib. per sq. in.; all other provisions to stand as specified. — re ae 
in full-sized tests reduced from 85 000 to to 800 000 
Db. per sq. in.; all other provisions to stand as specified. 
Eye- of from 95.000 to 110000 Ib. per sq. in. 
unannealed specimen to be tested by lots or items, and 3% of such 


—— Test by heats all eye-bars made of steel of 113 000 Ib. per sq. in. 


tensile, ; and over, if the annealed specimen en test is over 100 000 Ib. Tae 
Test by heats all eye- -bars made of steel of 11 000 to 113 000 ie 
sq. in, tensile in the specimen test when carbon” and manganese 
very high and the annealed specimen test is over 100000 Ib. 


* *A report on these preliminary tests of 16-i in. hai and modifications desired, is filed Ss 
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dastic limit of 50 000 Ib. “per 


 _Desired: Carbon not over 0. 40, if manganese is 0.80 o or over. 
. Desired: Carbon not over 0. 45, if “manganese is 0. 0.70 or over. 


all “the: preliminary “experimental eye-bs -bars and those 


_ structure, peng elastic limits were taken by the extensometer. “Tests of 
eye-bars for ‘the structure were made. The extensometer 
are grouped as fellows: 
Bars that met the requirements of 
that broke in the head, but accepted under 


Bars that failed in elastic limit; 


2 


Tau 
Bars from special high heats: in the low 


For “some tests of 


~All the’ nickel-s ‘eye- bare 1 were tested « on 1 The American Bridge 
Company’ s large testing “machine at their Ambridge ‘The : 


_ ‘vena on this seniihdes are a little lower than those on the Govern- | 


ment ‘machine at the Watertown ‘Arsenal. 

The clause in the printed “specification ec covering annealing of 

-eye-bars was not ‘satisfactory for nickel steel, and the manufacturer 


determined the proper annealing "temperature in the series of 
sized e eye-bar tests referred ete tests from the e first four 
and the other full-sized tests n made a at that time. The py pyrometer was 
used to determine temperatures in annealing a all bars for the structure. 
‘The ber nding tests on the bars showed that the wide full- thickness _ 

specimens (180° are good check on | the 
methods « of rolling, and the full- sized bends of the pieces annealed 


‘The results of all the 1 tests | prove conclusively that a nickel steel 1 of 

from 95 000, to 110 000 Tb. per sq. —in., , tensile, unannealed 
a specimen, and ‘of 90000 Ib. per sq. in., minimum tensile, in the annealed 

specimen, would give -bars a minimum elastic of 
000 er sq. in, in full- sized test and guard against brittle sted. 
cae The’ desired ultimate for full- sized tests was 90 000 Ib. per sq. in., , but 
85000 Ib. would be accepted provided ‘the eye-bars” would show a 


the -eye-bars,. a good check on the annealing. 


Re 
_ +The Commissioner of Bridges modified the specifications, so that bars which broke in 
_ the head but developed an elastic limit of 51 000 Ib. and an ultimate _— “ 85 000 Ib., 
with stretch of 6% in 18 ft., would be accepted. 


. $The - of the standardization of the Ambridge machine is is filed in the nell ef 
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Lavis, M. Am. Soc. C. E.—It might be interesting if Bolton Mr, . Lavis. 
would state why it is necessary to operate elevators on a schedule. 
— The service does not seem to be comparable to railroad service, because, ie 
carry ing 0 out the simile, ea each elevator has” its own track and its 
‘ture. and apparently each could” be run entirely independently of 
ckness the others. Mr. ‘Bolton gave an illustration of a case where there 

on the was a was a battery of six elevators, one having a much smaller door than 

ai abel = others and, consequently, taking longer to load and unload. He 

nealed 


nea stated the round- trip time « of this slow elevator 
= trip time of the other five. would almost seem that this 


teel of one might have been operated independently ‘and the other five run on - 


nealed their. own schedule, if a schedule was required. 
mnealed times the speaker has occasion to visit the Park Row Building, 
nit of there is a large battery of elevators, and he has. often noticed 


as many as three elevators on the ground floor at once, the v waiting pe 

le sted. ® passengers being only allowed to enter one; ; when that was filled, those i 
in., but ‘second, was filled, 


*This discussi 


h uD. in in Proceedings for December, 1908), is aisiol in Proceedings in order that the views: ae 
f 85 - may be brought before alt ‘members for further discussion. 5 as 


Library 
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avis. make their round trip — as pole and 


in ‘Siellibe and 2 as nearly + as coulis on schedule time, and of course | 
regularity, as a general principle, is generally conceded to be a a good 


thing; but it is not always safe for engineers to figure on generalities, 
and the apeaker believes definite reasons for the necessity 


Stanton. Rosert Brewster STANTON, M. Am. Soc. C. E.—To most « enginecrs 
_ who have not made the question | a study, it is, perhaps, somewhat sur- . 
prising that the general problems of railway transportation enter so 
extensively into “The Operation of Passenger Elevators. The author 
has stated that different, classes of passengers—the fat man, n, the lean 
‘man, man who rushes in or out before the gates are fairly 
y nd the man who never “steps lively . as well as the woman with | the 
hat 3 ft. in diameter—all affect the successful operation of ‘passenger a 
ail may not be out of place to ask the author tie, | in his caleu- 
lations, the question of classification of passengers has been taken into 
- account in 1 order to determine its effect upon the successful, and as. 
ot far as the tenants and patrons: of such buildings are concerned, tl the 
economical, operation of such elevators. Railways classify, not “only 
their freight, but their “passengers, though 1 not, perhaps, on ‘the: ines 
above mentioned. ‘The point to which it is desired to draw attention 
this: Ina large, centrally located building—one of the most 


expensive in he city—in which the ker has had an office for the 


P t six years, the employees of the building—scrubwomen with dirty, 

‘greasy buckets, bootblacks with large, besmeared boxes, and coal- 
ee Ce from the engine-room, with their clothes as black as soot—are 
allowed in every one of the ten ‘passenger elevators: of the building. 
Bp practice occasionally, in fact many times a day on some days, is 

a great inconvenience to the tenants and 1 patrons of the building, as 
a they are obliged to wait for one or more trips before finding 
bees car suitable for them to ride in to their offices. : No objection i is made 
x ie to the ‘employees—the men or the -women— -but, in rush hours, it is not 
‘pleasant to be squeezed i in among the greasy buckets. and bl: icking 


xes, Or against sooty jumpers, so that such practice, as with other 


Some months ago, the owners o of the building referred to 0 requested 
4 their tenants to make as to better ‘management. In 


order pees effect was issued, and for 
| it was soon ni neglected, and all ‘elevator 


This is not o on account of the want of 
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a few weeks carried out, but 
were and are used as before.” 
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"Superintendent of the building, who, for some reason, refuses to carry Mr. Stanton. ie 

out the orders of the owners. would seem m, therefore, that, in 
addition to those mentioned by the author, the disposition of the = 


Superintendent is an item which should | be taken into account as 
affecting, in the broad the successful and economical | operation 


Boucuer, Assoc. M Am. Soc. C. —One of the largest Mr. 
and highest buildings in. New York City is equipped with electric 
¥ elevators, all. on local : service. There are ten cars, five of which run to 4 
the 26th floor and five to the 25th floor. They ar are of a type e which was . 
installed quite frequently ten years ago, but which has since been 


largely superseded. — ie The elevators are not giving satisfaction, a nd the “a 


entire equipment needs rebuilding. The management, however, is con- 
ee. fronted by the fact that they have several important tenants whom aa 


cannot afford to lose, as they would if there were a complete shut- 


down. Further, t the machines are located so that it is impossible for = 


‘men to work among them while the others are in operation. There is 
caleu- seldom a a day when at least one car is not out commission—perhaps 
n into for a part and another for the remainder of the day. Due to the 
ind as overloading, which is inevitable during» the hours, the “safety” 
d, the a springs on the “down” ; this causes inconvenience | to the 
t only ~ passengers, , who have to leave the cars by means of a step- ladder, and a F 
e lines: | delay amounts. to half an hour | or ‘more while inspection of the 
tention bearings and other parts is made. In the morning Tush upward, the 
e most - overloading is such that frequently several would- be p passengers must ‘ 
for the leave the car before it can be started, and meanwhile the / throngs are 
h dirty, and filling the hall, impatient to reach their offices. 
d coal: ‘The operation of cars on “schedule,” or consecutively, is no: 


pot—are the best ; system, its greatest “feature being that the hall man knows 

yuilding. 4 which ¢ car to > expect next, and can direct the waiting people where > to re 

days, 18 stand. Something has been said of t the ‘hall man and his. efficiency. 


lding, 28 A great deal depends on these men; they can give good or poor service; 

C finding and be ‘it said to their credit, _they generally do all in their ‘power a 

4 ‘is made om thake matters go smoothly. % They are often hampered by the operators as 

it is not on the cars, who, whether reason of insufficient: pay or pure  negli- 

“placking | gence, are frequently careless, : ‘and run the cars to suit themselves by 

sith other to stop for waiting passengers, this la latter r happening particu- 

wt ‘The size or capacity of the cars has < considerable to do with their 


"efficiency, and | one larger than its neighbors” is a distinct drag on a 
system of elevators. The speaker learned to shun a car larger than 
its fellows, because it always started with so many passengers that their ay 
- disembarkation delayed it 50 that it arrived at the upper floors later ce ee 
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Mr. 


Boucher. test students of Stevens Institute of Technology, and the following 


‘fi t from that test: 
gures are ta en from tha 


eee 


Offices per floor (various sizes)..... 


se Average number of passengers over entire trip. ak 5 
This last figure, however, subject to great ‘finctuation, as cars 
frequently start with as many as fifteen “passengers” going ‘up, and 
serine at the top floor with one or two passengers. + ‘The tests showed: 
Starting up, from ground, per hour hour. 126 to 178 passengers. = 


Arriving at 26th floor. . 
Due to the peculiar ‘system of roping these cars and counter- ; 


weights, there is a great length of and unless the is 


‘al ‘most satisfactory service. Of course, there is some question as to the 
permanency of the installation tubes placed in the ground, and wet 
inside and and it would be very interesting if Mr. Boles 
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PAPERS. AND DISCUSSIONS 


This Society is as a body, for the facts and opinions advanced in 


- THE BONDING OF NEW TO OLD CONCRETE. 


Mrs 


Burrovans, Jun. C. E. (by letter) —The writer was Mr. 


interested in Mr. Goodrich’s paper, as it recalled a test which 
come to his notice and: may be worthy of mention. 


concrete tuilding, | the having been prompted by the fact, tha 
upon stripping the forms, the conerete was found to be porous, with 
many visible pockets. . After considerable investigation, ‘was: 
cluded that it would be necessary to remove the porous parts and i 
‘tefill the places thus made vacant. The expedient of bonding new 


— to old was resorted to, as the defective sg had already 


— He selected a body and poured i into it the regular concrete ‘mixture, — 
as used on the work, until it was one-third filled ; this was is permitted 

set for ‘seven days, when the second third of capacity of the 
barrel was poured; this also was permitted to set for seven 


the last third was poured, filling the barrel. The barrel was then set 
(of the paper by E. P. Goodrich, M. Am. Soe. C. E., printed in Proceed- 


ings for January. 1909), is printed in Proceedings in order that the views expressed may acti 
before all members for further discussion. 
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DISCUSSION : THE BONDING OF NEW TO ow CONCRETE 


Mr. aside. two weeks, when the s staves were stripped from the concrete, 


y 


exposing the ‘concrete mass. It was noted that the lines of cleavage 
oe were scarcely visible, the whole exhibiting a1 an ‘appearance of continuity 


Nera. was then attempt ted to break this concrete core by well- “saan 
blows from a sledge. It required several severe and direct blows, 
however, to start a break, the ultimate rupture might 
ne be expected, on a line of junction between two zones of different ¢ ee 


much as no attempt had been made to effect a union of the parts, the 


BELzNer, Jun. Am. | Soc. C . E. (by letter).—The writer 


has read with much interest the description of these laboratory experi-_ 


ments on the bonding of new to old concrete, and also the published 
Ps deductions from tests made by ‘Messrs. Perry and Mesnager. aa 4 


There are x many 1 methods for “in conerete, but will 
confine his discussion to ; 


“treatment. and intelligent supervision, ‘such 
cannot be compared with those of the laboratory, as, in the latter case, 


the experiments are made under conditions | which are > practically 


Laboratory experiments have determined that roughening the old 
“4 .s concrete surfaces and applying a layer of cement. paste have given the 
best results. The writer used this method on construction work 
in. ‘the New York Subway and on other engineering work. “He has 
occasion to “examine concrete jack- arches, walls, ete., in which 
great care was exercised in the bonding, and while these arches 
appeared te to be monolithic for r a year or more after their construction, 
‘upon close examination, they revealed fine hair-line cracks ‘the 
cae surface. . These cracks could be readily traced at the junction of ‘the ; 


work one with that of indicating a break the 


‘which could easily between the lagers of This 
was proved conclusively by examining concrete which had been de 
molished and in which the joints had been separated. -. The writer ‘also. 
recalls several instances’ when engaged locating leaks in steel 
concrete construction in -jack- and roof- -arches,* where surface 
water had percola ted through the horizontal joints. These investi- 
gations: him perfect joints i in ‘conerete are 


fallacy, e taught him that the different days’ = 
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can always be traced, any may have Mr. Belzner 
taken. is his opinion that investigators should continue their 4 
laboratory experiments along this line, but before acid and other treat- 


me ments are permanently adopted in the field (even though good results aie 


oi have been obtained on a small scale), the present methods should be ps 


lows, continued (roughening the old concrete surfaces and applying a cement 4 a 
night paste) “until acid treatments, ete., have proved positively. their practical - 4 
The only possible way of a perfect monolithic structure 
inas- is by carrying on the work continuously, day and night, until finished. BP 
3, the This can be done, at times, on ‘small structures, but is practically 
writer, JA AMES L. Davis, , Assoc. M. Am. Soo. 0. E.—The speaker has made Mr. Davis. — 
xperi- a series of bonding tests for the Board of WwW ater Supply o 


lished a i. the City of New York, under the direction of Ernst F. J onson, my Assoc, 


r will - The purpose of the tests was to determine the efficiency of a pro- a a 
the prietary bonding compound. The test specimens were beams 6 by 6 in. 
cross- -section, and 30 in. long. . The concrete was a 1:3:5 mixture, 
with ordinary sand and. vel aggregate. tests were conducted 
r case, Three beams were by on a 26-in. span 
tically the age of 28° days Pug broke very nearly in the middle, and gave 
ordinary strength values. Each | half of the three beams was ‘put 
he old 
ren the 
work 
He has. 
which wetted and a grout of as heavy ¢ consistency 

arches” as could applied with a brush. making the grout for three of 


ruction, 3 the beams, the bonding compound was dissolved in the mixing water 


on the as directed by th the makers. For the other three, the blanks , the ‘grout rere 

of: the contained none of the bonding compound. Care e was taken to wor rk 

een the the fresh concrete thoroughly i in the vicinity of the joint, using a brick- 
ne bond layer’s trowel. This” expelled the air and insured contact with the 

‘This After 28 days, the beams ‘were again broken in the same manner We 
yeen de- before. breaks occurred in the new concrete about in. from 
iter also joints, in one beam touching the joint at one point. | There ‘was no 

n steel- difference in the ‘Tesulte where the bonding compound was used and 
| it was not. ‘The result i in every case was a ‘bond 
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MENTS ON THESE M MATERIALS. 


le 


esis writer is much interested i in this valuable | paper, having had experience 
with the effect of frost on ‘concrete, and the effect of ‘using salt water” 
oe ae Coast Railway, the concrete was at first mixed with fresh water only; 
but, owing to the e expense of supplying fresh water for purpen, 
a! 80 many miles from any natural source of supply, salt water was 
—_— used, it being believed that it would | not have an appreciably 


injurious effect. On pier work it was customary to allow the coffe: 
ce dams to fill with salt water before the removal of the forms, and in - 
= Tess than a day after the placing of the ‘concrete; and it is interesting - 

ae note that the tests set forth in Experiment F and Experiment G eg 

indicate that no appreciable difference in the strength concrete 4 

mixed with fresh water and that “mixed with sea water need be 

expected. The writer’s reason, however, for preferring fresh water was 

_ doubt as to the action of the salt water on steel reinforcing rods. _ 7 ; 

The conclusion that mixing ‘cement mortar. with warm water hasa 

*'This discussion (of the paper by Ernest R. Matthews, Esq.. and James Watson. Esq. 
lm in Proceedings for January, 1909), is printed in Proceedings in order that the Bus: ‘ 


expressed ma may be br ought before all members for further ‘discussion. 
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+f 


oe materials for concreting in freezing weather may be rl 
ciently to cause the concrete to, set. On all the sections of the sewer 
—_— now under construction in Louisville, Ky., concreting is per- 
_ mitted when the temperature is above 24° Fahr., but the sand, | gravel 
1 _ and water must be separately heated before mixing. — The concrete is 
- hardly likely to be frozen after being deposited, » owing t to its protected : 
location. © If any person has investigated the subject of the effect of 7 
temperature, above freezing, upon the strength of concrete, and the 
rapidity with which the full strength is acquired, the data 
to be communicated. -s ‘It may be that the > heating of the in-— 

gredients- separately i is as injurious as the ‘separate: heating of the 
Water 5 or that heating the water is injurious only when it ores the — 
temperature of the resultant mixture above certain” point. The 
practice of heating concrete materials, generally the water, to remove 
frost in gravel and sand, and thereby obtain concrete at about 60° 4 


in the forms, thus securing sufficiently rapid initial set, is quite general, 
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all when the outside temperature is below freezing. 
Can any person furnish the results of a series of tests upon mortar 
Roy with warm water, showing to what temperature the water, or 
the mortar, may be ‘raised without injury to the ultimate strength 1 to 
be acquired ? The w writer has frequently heated water in mixing cor con- 
A crete to more than § 80° Fahr., , producing concrete at 54° or higher a 
it left the mixer, and has n never ‘discovered : any y weakness in such - 
perience if the heating of the water alone is not injurious, below 


lt water a a certain temperature, | it is much better than heating the sand and 


gravel separately, because it is simpler and more economical than 
Bote 

er only rt W. Harton E. (by letter).—In review- Mr. Hatton, 
purpose, ing this very excellent the constructing or field « engineer 
ater once seeks to make comparisons between the respective tests recorded 
oreciably. and actual construction under similar conditions; for after all it is” 
the results obtained in in n the field under conditions of frost and 

pecs © vastly different from those encountered in the field, for « example, sup- 
aan be Pose 100 cu. yd. of concrete to be mixed between temperatures varying — 

nd this is frequently the -ease—the main 
water differences: conerete mixed in laboratory. and conerete 


4 First. —The cement used in one case practically 
L cold storage, and its actions in setting are retarded, whereas that used 
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Hatton. hence crystallization begins at once upon the of the test 


4 


; ‘old, or it is heated until it is be hot, and, in either case, setting i is 
Phird. —The ingredients forming the concrete are either cold or 
aS _ they may be heated; in the one case they may be full of frost, and, in 7 
the other they may be so hot as to absorb readily large quantities of — 
water from the cement and needed by it in crystallization. 
Fourth. —Concrete_ mixed when the temperature is 29° Fahr., 01 
eee will get neither its initial set nor hard set as iadaiiley as 
= that mixed when the temperature is 60° ‘Fahr., nor is it possible i in a 
eases to maintain the surrounding ‘atmosphere at a temperature of 
60° Fahr. for 24 hours, except at considerable expense. 
. = seems to ‘the writer that the result of the action of frost and 
>: thaw on ¢ concrete can best be obtained from actual cases in the field. 


a is true that practical tests, at a great od Fe 


Teadily be made under actual working conditions, and possibly such 
tests could be made by the committee which has received the Gove ern- 
ment appropriation, set aside for the past year or more, for testing 

 eonerete beams, etc. This paper, er, however, is “quite a valuable asset 

a An actual case of recent date, Sdaeo eoncrete was placed when the 

- temperature varied many degrees, may be of interest. During the early 
7 Part of the winter of 1908, the writer was engaged upon the construc- 


| 


tion of a large dam at Berwick, Pa., and incidental thereto, the spill- 
of an 1 dam had to be torn out and replaced. Cold weather 
‘ came at a ‘time when the entire paving, concrete ania ete., of the 
had » and it it was necessary to repave and 


spillway was 60 ft. wide | e and al about 55 ft. a 
13 to 1. ‘The thickness of the concrete was. 7 in. n. The number | of 
square feet of concrete placed each day was too great to heat readily. 
a During the mixing of the concrete, the temperature ranged from 28 to 
sea 40° ‘Fahr., much of it being mixed at the lower temperature. The 
was full of frost, was the sand, the water came directly 
dam, ice being broken in order to get it. The cement was 
he temperature within which the the 

In all cases 

within a 16-in. cast- iron pipe, the sand cite spread over and around: 
the pipe. ‘The water was also heated until it steamed. In using the 


s to y empty two buckets of ice water into the large 
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ttle each time two buckets of water were taken for Mr. Hatton, 
mixing ¢ concrete, and ‘in this way the temperature of the w ater used 
in mixing was reduced so that ‘it had no harmful effect on the con- o-- 73 
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crete, Several barrels of cold water vere kept close at hand for this 


The heated sand were first mixed ‘thoroughly, 
and the stones were placed thereon, then th the | warm _ water was poured 


over the 1e stones, and in this “way the temperature of the water was 


ture of the “mixture ran arely exceeded 50° Fahr. 
In no case was the mixing carried on. temperature was 
below 27° Fahr., and whenever the thermometer stood below freezing Sa 
“the conerete was covered as fast as it was placed. 
In order to ascertain how much covering of manure was necessary b 


to insure the non-freezing of the concrete under 


_ of temperature, the following experiment was made. 

_, Small quantities of concrete were mixed as ‘and, when 

placed, were immediately covered with cement bags, or with tarpau- 

7 lins, upon which hot manure ‘was spread. The temperature on two 


| ecersions dropped veers Fahr., but, with a covering of manure 8 in. 


thick, the concrete was in no’ case affected. Coverings 4 and 5 in. 


thick were found insufficient, this small body did not contain heat 
‘enough in itself to continue to generate heat | from the phosphorus, 
ammonia, ete., therein contained, and in two days’ time the frost _ 


Almost every night ‘the temperature dropped to 24° Fahr., fre- 
quently went down to 15. or 16°, and on two occasions down to 10 

7 ‘Fahr,, but the covering, which was 8 in. thick, on top of cement ba ss " 
or tarpaulins, proved adequate, except when a rain occurred, and th an 

covering got wet, and then even a thickness of 8 in. was insufficient, as _ 
the water dripped down through th the manure, and when the temperature _ 
dropped, as as it usually did after each rain, ‘the frost went through the 


covering, forming a heavy white frost st directly on top o of the tarpaulin 


also” reaching the concrete. Therefore, whenever a rain occurred, 
in ease the concrete had not already obtained its hard set, it was ors 
Mecessary to take the ‘old manure and replace it with a fresh 
a: The manure was obtained from the contractor’s mules, which were 
kept. within a few hundred yards of the operation, thus the only cost — a 
eomected with the covering of the concrete was” the hauling and the 
spreading. The farmers in the vicinity were eager to collect the manure 
and haul it away w ithout ; cost, a: after it had been used for ' this purpose. — beep 


Nazareth ¢ cement was used on the work, and was. very slow setting. 
n some cases, when mixed in 


set in from. 30 to 40 
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instanee, the frost had ad_ worked beneath the covering : Before placing 
tarpaulin several “quarts: of v water were poured over the concrete 
xo: a, there was a slight hollow place or indentation, and this water ia 


added to, until the concrete had taken up all it would hold. 
Tt was not necessary to add more water after the concrete had 
obtained its hard set, and in no case was there the slightest indication : 
of freezing during a daily examination for five consecutive days. — ‘= 
. In a couple of instances the writer had the manure covering re- 
moved within four days, but there was still considerable moisture 
in the concrete, and on the surface, due to the manure. This" 


moisture was frozen, and after a subsequent thaw, the surface 
‘jaa The practice thereafter was to ‘leave the covering on for at least J 


pan _ using pick and sledge on this concrete, the writer found that, as as far 
ag he could judge, it had set just as pimp Yo as if it had been mixed under 


4 the most favorable conditions, 


This is directly in line with the statements | ‘Matthews 
and 
ie ae al an atson, to the effect that if a cement or concrete obtains its har 
or final set before being exposed to frost, it will, upon exposure, 


tinue to crystallize and 
—e hot water with the ‘frosty y stone had a tendency to create a 
normal condition under which the cement suffered no injury, 
i Considerable care should be taken, however, to protect the manure 
from becoming wet during rain storms. If poasible, it should be 
ommend: with tarpaulins, or with planks arranged i in such a manner 8s 
to exclude the water. This is a practical and yet a very inexpensive 
way to protect concrete in the open low flat si surface is 

From this experience, the writer has no in saying that, 
in his 0] opinion, if concrete is properly “mixed and ‘protected ‘until it 
has obtained its final or hard set, a frosty atmosphere, with the tem- 


a a perature in the neighborhood of 28 or 29° Fahr., has no ‘permanent 


Mr. Wait. ‘Warr, M. Am. Soc. C. E—Some twenty-four years ago the 


ee =. question of the use of cement in freezing weather was discussed before 

this Society, and the speaker supposed it had been settled. __ a 
hat eo South Chicago, twenty- -four years ago, the temperature | being 
ae, from 10 to 24° above zero, the speaker put i in foundations for large and 
heavy car shops, and then built the walls, all being laid with Portland 
cement mortar. In the following summer, having occasion to dig them 
fe to put in n sewer ‘pipes, they were found t to be perfectly s set and strong. 


speaker agrees with Mr. said that, ‘if 
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at its leisure, the concrete will po in time. 


The ; great ‘power station pulp mills at Rumford Falls were 
; put in during extremely cold weather, but the speaker has never heard — 


there was any trouble with them. The ‘foundations carry very 
heavy machinery, and are considered a good piece of work, 
it would seem that the subject. of heating is one that is much 
" feared, and without reason. In the month of N ovember the speaker — Pray a 
visited Youngstown, Ohio, where he saw concrete mixed with Atlas 
a ‘cement and with slag cement and poured into moulds that were steam- 3 
jacketed and heated, so that the mixture boiled and steamed. In from 
- .. to 7 min. the concrete was taken out of the moulds and handled _ 
the form o: of ‘blocks, the walls and partitions being f from in. thick. 
q These concrete blocks were put on cars and run into steam-rooms, 
q where they were allowed t to set. The speaker never saw any better 
ultimate result with than these blocks, and they are now 
= tensively in Youngstown for tl truction of I irl 
extensively in oungs own for the construction of houses. 
Heating the water, or heating the sand the stone does not hurt 
concrete materially unless it is superheated, and certainly if it is not 
nord It would be enlightening to hear an expression of opinion from those _ ‘% 
who may have seen this work : at Youngstown, or who have had 
= ence with heated conerete. 
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MEMOIR “MARSHALL G GRAHAM 


_ which will amplify the records as here printed, or correct any —— should be forwarded | 


to the Secretary prior to the final publication. 


JOSEPH MARSHALL M. Am, Soc. C. E.* 
Fepruary 8p, 1909. 


=! 


Mllinois Central. From 1874 to 1875 he was Assistant, Engineer on the 
Bedford, Springville, Owensburg and Bloomfield Railroad; and, from 
“1875 to 1876, he served as Chief Engineer of the same road. After 


From 1876 to 1881, Chief Engineer of the and 
Pe. Ohio River Railroad; from October, 1881, to April, 1882, Chief Engi- | — 
= sneer of the Chicago, Texas and Mexican Central Railway; from April, +. 


1882, to April, 1883, General ‘Superintendent of the Danville, Olney a 
a el and Ohio River Railroad; from April, 1883, to October, 1888, ‘Superin- a 
4 


r< 


tendent of the ‘Dakota ‘Division, Northern “Pacific Railroad; from 
October, 1888, October, 1890, General Manager “of the Northern 
Pacific and Manitoba Railway of the | Northern Pacific System; from 
October 1st, 1890, to July, 1891, ‘Assistant General Superintendent 
of ‘the Northern Pacific Lines East of Livingston, “Montana; 
September, 1891, toJ > January 1st, 1898, Superintendent of the Ohio and 


¥ 


Ja anuary ist, 1898, to July, 1899, General of 
-Trans-Ohio Division of the same road; from July ist, 1899, | 

February, 1904, Chief Engineer of the Baltimore and Ohio Railroad 
Baltimore, from 1904, to President 
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Mr. Graham was one of the pioneers in carrying 
out important grade- reduction _work, to lessen train-mile cost; and 
ae while Superintendent of the Baltimore and Ohio Railroad, in 1893, he 
Boke re commenced th the modification of the > grades on the Lines West of the 
Ohio River. During the time he \ was Chief Engineer of that road, 
surveys were ‘made, and a low- w-grade line was located from Baltimore 
to » Chicago, considerable px portion this line being ‘constructed 
under his direction, viz., from Baltimore Brunswick, Maryland; 


various -reduction mend were made between 
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‘Ferry a freight line was constructed 
Phe oot as well as a line from Youngstown to Akron; grade reductions 


with var various s grade in connection with the 


When it was determined by the Directors of the Erie Railroad to re- 
locate certain portions of its lines, in order to make it a low- “grade 
line between Chicago and New York, Mr. Graham was called from iy 
the Baltimore and Ohio Railroad to take charge of the work as ‘Vice- 
— of the Erie Railroad; and it ‘was under his direction | that se 
plans and surveys were made for a line from New York to Cleveland mati g : 
a with a ruling gradient of 0.2% east and 0. 3% west, and the Erie and i 
Jersey Railroad and the Genesee River Railroad, which are parts of one: 
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pte of his ‘office to engage as  Cennaliiong Engineer in several large 
in different parts of the United States. 
Bee Mr. Graham was a man | of large i ideas, holding broad views of the | 
railroad questions of his time, and his habits of mind, mature judgment, A ; 
sound conclusions on all of railway economics, 
made him an. invaluable addition to organization. 


1880 Mr. Graham m married Evelyn of th 

from. Reverend Albert Norton, of Cleveland, Ohio, who survives him. a 
hio and Graham was" elected Member of the American 

Railroad GLENCAIRN WELLS, Asso. M. C. E.* 
18th, 1874 He attended school i in Galveston, and in 
Law renceville, New Jersey. He was graduated from Princeton 
the in Civil: Engineering, in 1898. first employment in his 
est chosen profession was with the Jersey City Water Supply Company 
Balti of Boonton, New Jersey, in 1899, in the capacity of Assistant to the 


cted in charge of a party making preliminary surveys and loca- 
onstrue | tion of the works to carry out a $7 695 000 contract with J ersey City. Ry 
M: arylan 4 - On May 1st, 1900, Mr. Wells accepted a position with the vou 
n Harpe Commission of Baltimore City, in the of Engineer in 
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Railway Company, ‘as Assistant Engineer in Charge of Reconstruction 
in Western Maryland, hove the line laying out 


Galv veston, Texas, in which capacity he served faithfully until May, 
a ae when, by reason of ill health, he was forced to resign. a 4 the 
i time Mr. Wells was elected the « city aie just beginning to recover from. 
the calamity of 1900, and his ye ears of service 


both publie and private, were due to his were 

In December, 1904, Mr. W ells was married to Miss Josephine 


Wells, Jr., and one sister, Miss Hetty L. W élls, residing in Beltimore, 
oot Maryland, survives him. 


“N 0 words ean be written en that will fully enn the purity of 


said, that the light which filled his manly breast ne permit him > 
in the center of night and enjoy “bright and why Fate 
a, deal so unkindly with him, and why he should die so i, 
in the very “pring- -time of manhood, is to mé a mystery. 
Wells w: was elected a Junior of the American of Civil 


_ Engineers on March okies 1901, and an Associate Member on March Ist, 


OLIN} McCLINTOCK ‘Jr, Jun, Am, ©. 


McClintock Bo le, Jr. near ‘San José, , Califor, 
peta 
on J uly 5th, 1886. He was graduated from. the grammar grades of the 


i 


Francisco, where he entered the Lowell High School. During 
summer vacation of 1901 he induced by the. city editor of the 
Bo bow Francisco Examiner to become aw riter on that paper. His ‘short 
wspaper career was promising rose to some 


es to accept a position with the Maryland and Pennsylvania 


Kenison « of Galveston, Texas, , Who with their only” child, Clinton 


of Mr. Ww ells’ friends AL Nicholson, in 
a recent letter, feelingly expresses sentiments held by all: who ‘really 


> 

a ead cs of wires of all classes. In October, 1901, he left the Electrical Com- 4 
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ow MEMOIR ‘OF OLIN M’ CLINTOCK ‘BOYLE 


a thing more than a mere reporter. Later, he accepted the sporting © a= 
of the San Francisco Evening Post, and held it until October, 
a 1902, _ when he re-entered the Lowell High School, from which he was 


a graduated in December of that year. He was admitted to the Uni- se 

versity of California in J January, 1903, and was graduated from its 
College of Civil Engineering in December, 1906, having completed 
satisfactorily the usual four-year course. 

Immediately after his graduation Mr. Boyle went - to the Greenwater q 
Copper ‘District of Inyo County, California, as Assistant to Mr. Alfred 
= Cleary, remaining until the camp was closed. Returning to San 
Francisco, in May, 1907, he received an | appointment as Instructor 


in the Santa Chen | Summer School of Surveying of the University of 


ere California. At the close of this session, he was employed for a short 

a ; time by the Modesto Irrigation District Company, but left co 

ine to accept a position as s Engineer with the Associated Pipe Line Com- 

rs pany. Early in 1 1908 he became connected with the Union Construction — ; 

ore, Company, with headquarters in Calaveras County, California, and 

in the employ of this company when he met his death 

sally In his short life Mr. Boyle gave promise of an unusually active | and 

| - ~ successful career. He was a man of great physical strength, and was ae 

y most industrious worker. He had a charming personality. He was 240 
truly” constantly on the alert. to ‘be of service to others and to make others. 


Fate two years elapsed between his graduation his Uni- 
young | > * and his death » but in that short time he gave numerous aos 
evidences « of his love for his Alma Mater, and showed by his acts a 


he fully realized his indebtedness to the institution which trained him. — 
His early experiences in newspaper had given him a taste for 
reading, and he was unusually well informed. _ In the year preceding — 
his s death, he contributed a number of short articles to the California 
Journal of Technology, wherein he showed Promise as an 
It i is fitting that ‘the Transactions of the Society, 1 represents 
most broadly the profession | he r revered, should contain a statement of — 
his life and work so that those who were associated with him am be | 
reminded of his substantial character and loving ig aoa 
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in any of its publications. — 


ILE. 
ad 


Soc. 


paper is not a discussion railroad 
<2 alii It is intended to give a general description of some extensive 
d brief methods and results, the 


but not heretofore 


Introductory —Early in 1008 the Little Kanawha ‘Syndicate began 
for the. extension of its lines, eastward from Palestine, W. Va, 
pee to Belington, and we westward from Parkers burg, W. ‘Va a., to Zanesville, 
Ohio. About one e and one- ne-half ye later it also took u ip the location 


md construction of a li ne rv unni orthward from Belington to + 
nnsylvania-' est Virg inia “Ti 


ack NOTE, _—These papers are issued _ before the date’ set for presentation and dis- 
cussion. Correspondence is invited from those who cannot be present at the 
meeting, and may be sent by mail to the Secretary. Discussion, either oral of 
written, will be published in a subsequent number of Proceedings, and, whe 
— closed, the papers, with discussion in full, will ad aan in Transactions. 
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18, Columbus, 
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at the Sandusky & Hocking Ry, . etta, Columbus & Cleveland R. R 
ral of & Muskingum Valley Ry. fl. Wheeling & Lake Erie Ry. 


Lire 


Marietta ar and | “Parkersburg Bridge 


Terminal Railroad, from the Ohio-West | Vv irginia State line to 


Parkersburg: (this division included a bridge over the Ohio River a 
7 few miles below. Parkersburg) ; Little Kanawha Railroad, from Parkers- 
to Burnsville; Burnsville and Eastern Railroad, ‘from: Burnsville 
Belington; 1 Buckhannon and Northern Railroad from Belington to 
Pennsylvania- West Virginia ‘State line; in all, ‘some 328 miles of 
main- line location, e exclusive of 


branch lines. — 
‘Fig. *- Ohio) ‘and Plate X (West. Vi irginia) the country 


Pr ‘traversed and the 1 main survey lines, many of the short lines. not being 


= 
shown. The lines shown give, the general layout, The termini, as 


fixed; "physical ‘conditions| also fixed the Little Kanawha 


a River as os only outlet t to the Ohio. These points decided i in a general 
: ay the proposed rot route. 2. Owing to local co conditions, it was also believed — 


ee that the heavier traffic ia be we west-bound, and therefore that every 


effort should be “made to. get as low a ruling grade as possible for > 


The desired results may as 


—Oceupy to as ‘great an extent. as possible eritical and strategical 


points, 80 to block the route to other ines: 


5.— 5.—Reach « certain definite places previously ‘determined on 

taking into consideration n the naturally heavy and 
pensive work on line, t the total should compare 

ies favorably with the ‘cost of any other line, many miles longer, 

with heavier grades and but some of ‘the most 


All roads ‘previously built adjoining n regions ave 
stretches of 1. 5% ‘grades, and curves: up to 12 and 14 degrees. The 
first surveys, ‘therefore, _ were of a preliminary nature, i in order to 
determine what grades and curves could be secured. 


After hel number of surveys, locations, and explorations had been 


its was found that the following g grades and curves wi possible; 


4° “maximum curve; Little Kenawha Division, Be 


“curve; Burnsville: and: Eastern Division, 
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8° maximum curves; all gra 
the rate of. 0.04’ per degree 


These’ results were kept in view in con 


“obtained in in each case. It was desired t 
and id only ix in one. case was it necessa: 


7 

E occurred. at “Mile 20 on t ter 

such a grade was intseweel i in order to avoid a g - combined 
some exceptionally heavy work. At some future time this grade 


4 be taken out if desired. In the meantime, for or any ordinary reason 


=. 


operation, a train need never stop there, pore thus get stalled; 
there i is no station stop, and a water-station or siding is s not feasible, . 
on account of local conditions, s 80 » that trains can always “run for the 


hill? ” ‘Fig. 2 2 is a profile at 


3 
3 
R 
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Sea- Level 


P.19 


apeed of 10 miles per hour. 
BURNSVILLE & EASTERN R.R. 


wer 


lon 


ed er long lines, the longes 
i a 0 0.6% grade 14 miles long, 


rade-line profile of this 


compensated for curvature at 
4 tinuing the surveys, and were 
void all momentum grades, 
ry to use them, This case _ 
| 
.—l 
— 


LROAD SURVEYS 


of the and a examination of several routes. 
_ The topographical sheets 0 of the United States Geological Survey 


were. found of great value in making ‘a broad, general study « of the 


—— country. At that time the published sheets covered only a small por- 


of the lines, but, fortunately, ‘this was the central part of. Vest 


Virginia, where they were of particular value. Tt ma may be pertinent 


o state that these sheets were usually found quite accurate in regard 


to main summits, large rivers, and towns, but intermediate were 


always more or less inaccurate. 


<—West =< East 

— 


BURNSVILLE & EASTERN R.R. 


Were compiled and traced from various State, county, and 


road maps, on which the several sorvey lines could be indicated. ‘Such 

; maps are of particular value, and should | be the first ones _— 


if possible before any surveys are made. 


General Layout of Surveys—The general direction the Survey, 
; except along the Little Kanawha Division, was almost directly 
ie Ohio a direct line between termini was first dtienined, but was 


ae to be impracticable. - This line marked the north and east limits. 


the country to examined ; certain conditions | prevented ‘the 


of a of it. A systematic e xamination ard the 


ithwest was then made, and finally a a ‘satisfactory line 16 was deve veloped ‘ 
r which 


n Cc 
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Ba final lo 
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RAILROAD SURVEYS 


narrow valleys, and are exceptionally crooked. d. The o 


ail stay 0 out. ae Such a a method : necessitated cr ‘crossing about 100 wre 


several § streams, and ‘running short the sheds; 


4 it also gave es shortest line, the easiest grades, and the lightest curva- 
ture. . Any al attempt to avoid the high crossings | or tensell involved 1 ong 
| fa détours, excessive curvature, and heavier gueine. On this division more 
miles of preliminary, lines were run, in proportion to the 
a The main problem on the Parkersburg Bridge : and Terminal 


- road was the determination of the location for a bridge over r the a. 
> River. ‘The Government regulations required 90 ft. clear head- room 


above low w water and no piers the main channel, which n necessitated 
700- ft. span . Several feasible locations were surveyed, and complete 
data were obtained each | place. The location finally adopted is. 
about 5 miles below Parkersburg, and is believed to be the shortest 


apest. railroad | bridge crossing the Ohio between Pittsburg 


the he span practically clearing entire 


— 


region w which are not subject to overflow, ail the western end being 
ainst steep bank rising» rapidl¥ from the river. The 
viadu uct approaches : are but Sats meee than half as long as the present a2 


‘The: ne Little K Kanawha followed the Little 
Kanawha River. The hills rise abruptly fra from the er banks, ie 


pes often as steep as s 1} ‘te 1 1, Th The river r is ve ing -erooked, 


could uld be saved by cutting ‘through: country at at various points, but ut 
wo work was viey heavy. The bottom lands are narrow and subject, 
1 to overflow several times a year, the river sometimes rising 20 ft. in as antes c 


day. An river line would have to be built. along the steep ‘side-hills 
Fw “most of the way “(this being expensive) or else be subject to 


‘inundation | n during high- ‘water seasons. s. The hills are cut through in 
al directions by n numerous s tributary stream Ss. The grade 0 of tl the »streams 


3 from 50 to 80 ft. per mile, » their length seat from 1 or or 2 to 20 = i oe E 
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the line materially by cutting across —- The first Little Kaneva 


survey also followed the river, : and a complete location was made. ‘This: 
was run prineipally for information, and, afterward, 
abandoned. The main n problem o on this division was to locate such 
a line that its aida cost would not greatly: exceed the cost of a river line 
- equally well built (though no definite amount was ever fixed for this), 
that its grades and curves would be as as by river, and 


would be as | possible, ome 


ines, ‘and the comparison of estimates. 
examination of country one was to say offhand that 


= impracticable | to leave the ‘Ti iver for any mater ‘ia al dist stance leat 


_ the cost would be prohibitive; but when a thorou gh stu 


tudy 


the: length of of line that could be saved by a mile or ‘om pi enormous 


‘wah, the question had a different aspect. The only way to get sufficiently 
accurate data, on which to base final conclusions, was was to make the 
1 surv f the different 
actual surveys of the different routes 
One item which was always more or less an unknown | quantity, , but 


which was the deciding point et two lines, i in more than ¢ one case, 


was the treacherous character of some of the side- hills. ae. a number 


work, To: avoid these places as much as possible, and to estimate their 


~ probable | cost when comparing lines, were difficult: problems. On Toca 


tion, a plan sometimes used was as follows: Where the grade was ‘neat 


the foot of ahi “hill the location was thrown away from the hill, in 


order to. avoid veutting the slopes; this gave a ‘fill where it w was not 


apparently n¢ necessary, but it was as cheaper in th the end. | When the g grade 


= down hill feet disturbed construction 


a. y was high up on the hillside, the opposite w was done, for r the pur purpose 0 di 
a getting the roadbed on solid ground. In m many cases, however, such places 


in any way, and it was eek: found that ground, o 

a appearances perfectly firm, would slide after construction started. 
a nave the various lines, this tendency to slide had to be taken 
into ) account, bu pu estimate of cost was of necessity more or | Tess an an | 

slides , throughout this country, are frequently 


of cost in building, as are usually underestimated. 
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apers. 4, 3 SURVEYS 7 315° 
‘The line, as as finally located, is a combination of river and cross- 


country ryline. It i is ‘miles s shorter ‘than the river, in a total distance of 


: 1001 miles. 7 There are re eight tunnels, usually : short, the lon 


ft . There are Sev on viver crossings, with n main spans from 100 to 300 ft. 


Burnsville Eastern Division is in the central mountain 

part of the State. The h highest altitude > reached is is 1 725 ft. above sea rhs 

level Att the junetion with the Little Kanawha line, the altitude 
750 ft. . The lines generally run east; the ‘mountains or hills, north and 
south; the drainage, generally ‘north. There were ‘several intermediate 


summits to be crossed. It about as as to o find the grade 
west as to find the 1. 0% gr 

head-waters of the up | ‘Fall the 
_ head-waters of French Cre ek. ‘The country wa was very ry rough and broken, __ 
and supporting for grades could not be found. This line 
_ developed the fact that, owing to the rapid rise of the land at the _ 
eastern end, it would be to use once 


out | 
The gener al problems of peation were very similar to 
‘Little Kanawha and and Eastern Di Divisions. 


Methods Used Field | parties were madi made up ai as follows: 

Assistant Engineer in charge. . - to 


d 


Rear flagman ... 


(two)... 


a 
a 
is — 
— 
), — 
ng § 
rst 
— 
wee 
use 
— 
os — 
nly | 
the — 
— 
— the head-waters of the streams to th ia 
ers of the streams to the north, in order to 
that 
7h 


wer not The parties boarded at houses 


a disadvantage, on account of difficulty. 


_ The following abstracts pay the “General Instructions” ‘give an 
ides sof the work required to be done by each party: 


Assistant Engineer will receive instructions as to when a 


ns satisfactorily, and 1 that lines were being run over the proper routes; ‘the 


where’ preliminary lines will be run, grades proposed to used, 
i the line is intended to develop, and the general information necessary 
in regard to the same. He will then be responsible for the amount and 
of the work done by his party, and for the proper develop- 
ment of the country over which he works. 
“Topography will be taken on lines as instructed. 


- ae. was taken on practically all lines except in Ohio. ya 
“After preliminaries are run, the Assistant Engineer will be in- 
structed over which line to locate. 


location will be first on topography sheets , ete. 
an location will be assumed as final until examined and revised, 


3 


“if me necessary, by y the Assistant Chief Engineer, and also approved by 


‘The Assistant was not to spend all with 


party, but to be with it enough see that: work was” going 0 om 


"remainder of his time was ‘spent in a thorough study of the country, 


picking ¢ out routes to 10 be examined, and looking after his necessary ‘office 
d in “particularly, difficult 


country he was to be with ‘the party almost et constantly 

After the first route to be examined had been chosen, ‘a preliminay 

“ine was run n through; then the alternate routes were run, al all survey 

; and finally the Tines “required for a thorough 


of all possible routes were run. Although the first | pre 


Timinary line might give the ‘grades and curves desired, and possibly 


the: line over 1 which ‘the final location w: was made, it was not finally 
determined o on until the subject was fully investigated. 


Sometimes all the preliminary data required over certain 


ad be obtained quickly by stadia methods, but s some ‘sort of a definite 


| 
quarters, 
party’ could frequently make its headquarters at some town and , 
this method served just 
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Tine i is required from which reliable conclusions can be e drawn. , Especi- a 


ally is is this t true i in in heavily timbered, | hilly country, where ‘the ra of 


ay 


the 
ountry, 
ry office 
d ifficult 


shorougt 


first pre 
possi 


final 


q Many on 


In ocating long ‘it was peefershle start at summit 


n down hill. With a little experience, ‘the Assistant Engineer 


a ‘sufficiently close estimate of ten ‘amount: te allow for 


~ compensation for curvature, and could 1 run 


the mountainous part of the country | here described this compensation f 


amounts to about 6 ft. per mile, equal t¢ to 0. 12% grade and preliminaries, 

for a 10% compensated grade, - run on an 0. 0.887% straight grade, a 


In ease of the choice two equal routes, a location was 
‘made over each, and “estimates tes were prepared for comparison before 
choosing a line. In. following the larger’ watercourses, it was usual 


to locate a line o on either side for purpors of comparison, cand i in order aes 


his line “according In 


to determine the advisability of _ crossing from one side to the 


either to get a a better line. or t to block the ¢ country against rivals. 


Son ne br ranch lines were located, and quite an extent of line —— 


on different divisions) ‘than woul 


entire layout. This extra lo location was partly for ¢ mparison, | but 


largely for reasons mentioned In addition to this, many miles 
“of paper location, not located on ‘ground, were, made for the same 
> t may appear to some that there was much 1 unnecessary location an 
and running of preliminary lines, but i in rough country like this, and © * 
of this. magnitude Gn 220 miles. of this line. there were ‘twenty- 


re on the 


tunnels, the longest being 4 000 ft, five viaduets from 400 to 1 


long, and more than | 
bridges), 


exact dat data gotten, no ) question as to 
Toutes and the grades obtainable. 
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rs. Papers.) 
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these surveys the Assistant Engineer was 
line to hunt out something better, quite 
what 
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a definite 
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“that a line is feasible, but it is ha to furnish both to 

‘self and to others who are interested, but who will n never be over the 

ground, that such is the « case, —_ by map and profile. Again, | an 7 

line show up much better than expected, 
i ist not be misun to mean 


“such i is far from the case; li 


ing the desired results, “unless the p ‘prope 
combined with them, ‘the location being usually the “most difficult 
‘problem of ‘railroad work. What is ‘meant is that it is necessary to run 


sufficient number of lines, preliminary and location, to arrive at correct, 


conclusions and to get the re requisite exact data to pro prove the conclusions. ; 
Topography, contours, houses, “roads, watercourses, ete, 


was taken on all lines. This was taken on 12 by 
sheets e tra e was plotted day on the requi 


she uisite 
eil line, at right angles to the center line » was 


at station, for ease in plotting the topography ; eleva- 


tions were re marked a at each station ; the stations where contours: crossed 


center line were | ‘determined from the profile and marked; 


—- to other sheets were shown , an d then ‘the : sheets were cam for 


use. The | ines were to a ‘scale of 200 ft. to o 1 


1 inside. A strap around ‘the 


= the topographer served to carry” the board, and formed a support 


=. This method was preferred to any other; it is icsainibes ; saves wd 
copying: and plotting; t the: work can be ° plotted better i in a the field, where 
everything can be seen at the time of plotting; ‘and 2 at night ‘the: 
Assistant Engineer has a finished map to look over and study. The 
topography was taken accurately by using a metallic loth tape 


distances a and a hand-level elevations. _ Only in this. way “one 


get a projected location to correspond closely | with the actual one. The 
topography was ordinarily 1 taken n for on each side of the ccentet 


n each nig weet 


— he best location if he only runs lines eno 
-_that anyone can get the be itely without secur- 
mes can be run indefinite a 
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RAILROAD SURVEYS 


alae plotted on on tracing cloth, ‘the small sheets were fitted so as to 


make the center line o e on ea ach sheet fit the center line on the tracing, 
and then the topography wa as traced. By this method any error in 
a 


* plotting or joining the small she ets was eliminated from the large map. 


This tracing, from. which blue” prints were made as” ‘required, was, 
retained in the office, the | sheets used “rough work and and 


ents by the 


‘measuring intersection angles, although might, as a 
check. . After the line e was located on the ground, the location was 

ace accurately ‘tied to the preliminary line and replotted on sheets; the 


pencil projection was then erased, if so desired. 
In staking « out the location, the Laas was to get a profile to correspond 
the Projection, and not to get the Ii lines in exactly the same 
“relative ‘Positions shown by the projections. The lines always “varied 


more or less their relative positions. ‘Also, it wa often found 


desirable to change the location at places, giving a corresponding 
change in the profile ; for eens it might be decided in the field that, 


owing to surface -conditi ons, cer rtain hills could be hit harder or 


perhaps avoided. |The > most fre equent change was to put the line harder 


41110 


into ‘Steep side- hills. When projecting lines along such places, there i is 


nearly, always a ‘a tendency to to fit the line too closely to the surface ‘and 


not to iow enough cutting t to put t the roadbed on firm ground. 4 Owing 
to these facts, ‘it is usually. better ee have the first location projected 
and run in by. the field engineer, who | is most familiar with actual 
conditions; after ‘that the revisions and necessary changes can be taken 
up by ‘the higher « officers. : Projections made by anyone not thoroughly 
with the ground should be used with caution. The best loca- 
39 tion cannot be obtained without the topography and a projected | sel 


also, it cannot be obtained on sheets alone, without a thorough 


and complete | knowledge of the » character of the country; the two must 
ae is. be studied | together, the field « engineer r at all times ‘corresponding freely 


: fully with the ideas and in 

the first location had been made, it. was studied 
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the length of the spiral were obtained from t: 
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se; if any changes were desired they ‘were 


up with the Assistant usually by the Assistant | Chief 


lement, ‘the location was 
fin route, and the m 


“oy 
A Preliminary ae 
reyected Location, 
Location — 
Revised Location, 
“a 


Noone or Engineer. 


MRE. 


wa ~ Tiles | to in left hand corner of profiles 


Standards.—All curves of 3° or spiral approaches. ‘These 
re allowed for An cross- sectioning by offsetting the slope stakes the 
= ired ¢ istance, The spiral was in standard form, so that, when - ia 
gree of curvature was known, the offset from the simple curve and | 


rom tables. For and 
se, all record 


pl curves ame in tunnels, 


— 
| 
and — 
— 
rh a 
— 
found 
roughly 
ine; 
— 
horough 
o freely — 


showing the the tangent and ‘simple curve a at every 
10 ft. on the spiral, the alignment being kept on the tangent and the 
simple: curve, and allowing the required offset in giving the widths for — 
_ the tunnels. A = All grades Ss were compe nsated 0.04’ per degree of curvature. : 
a al curves were inse id ye places ‘ion, the change of grade 
in 0. ) ft. andard form being used in which the 
vertice urve rectly with the change of grade. 
wal ert repor ts, maps, aa profiles were sent in n by the 


Assistant Engineers. Standard were for all notes, maps, 

profiles, plans, and ‘reports. ‘The standard rules were first as 

“type written copies, and standard forms were adopted from | time to 
later, they were compiled and issued in book form, 

being blue- printed from tracings, making pages of general rules 

and information, together with 24 standard forms for notes and plans. 

It was found to save much work and time in the Chief Engineer's 

- office to have all data in uniform shape; much correspondence was 

likewise avoided, as employees could readily ‘find sizés, -seales, ete., for 4 

nd : also other information. | Therefore they were not com- 


< ai pelled to write 1 to headquarters, and thus avoided the delay of two or 
A few 


on and construction ‘After the line was 
hi determined, sheets were prepared showing that lin e only, and the title 
> 


was made to suit the construction work shown. 
2 _ The standard titles for profiles are shown 1 by Fig. 5, and the standard 


titles for field books, by Fig. he standard or and 


level notes are ‘shown by Figs 


shown in pe 
een made by the. > Consulting Bridge Engineers, A. F. 
W. Hodge, Members, Am. Soe. C. The standard 
ypenings ‘required is shown by F 
Cost. —The greatest number of miles of preliminary line run in one 
one party was 7, and of location, The location averaged 
mile per day per party, except on the Burnsville 
Eastern and on the Buckhannon and Northern lines, where it 
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"averaged 3 mile. Stakes were set every 100 ft. on tangents, every 
- 50 ft. on curves. Special } pains were taken with the instrument work 


‘measurements, in order to avoid the chance of errors in 


center line after construction commenced. The speed of location 


Parties: was, usually limited by the amount of that could be 


, but the number of curves and the rou rough character of the ground 


were also large factors in limiting the speed. 
Each party cost from $35 te to $40 per day, all expenses 


"Table 1 gives the cost mile of the completed survey s. It is is to 


noted on ‘this s is the total cost, ‘and ‘includes office rent, ‘purchase 


“of instruments and supplies, general expenses all salaries, field ex: 


‘penses, an and the 2 preparation of final al maps, plans, profiles, and | estimates, 
h everything i in to m make contracts for ‘the Time. 


cost per Bt pe 


Company. 


«| $25 076.83 
vee) 19812.77 | 
20 466.68 
"6 651.98 
249.94 


q 


on, 


Column gives the cost per mile of actual locati including 
“4 preliminary lines. ee Columns 3 and 4 show that there were from 2 2 2 to 5 


‘miles of preliminary lines run n for each pile of location, except on 


Buckhannon an and Northern line. Table also ineludes 302 miles of 


check levels, the cost. being “distributed among the various 4 accounts. 
~The data for the Parkersburg Bridge and Terminal line include su surveys. 
and. soundings for the Ohio River Bridge. The cost per ‘mile includes 
topography on practically all lines, except on the Zanesville, 
| Mar ietta and Parkersburg line, w here it was taken only on the | located 
‘cost in Table 1, the total charge against 
om the i inceptio n of ‘the to of construction, 
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M OF REPORT OF OPENINGS REQUIRED. 
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Oper. | rea SoFr 

stimated; 


Ovenin 


than 
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; 


uding 


a == contains a a few i 
than location. Tnstruments p purchased could bea a credit; some elaborate 

property st surveys and bridge su surveys could be charged to construction, 
they probably a are re not large enough | to much effect on 
The 


owing to much work being done during * 


creased considerably 


7 


winter, when the wea ther was very unfav orable. Thee cost on the 


Parkersburg Bridge a and ' Terminal lin crea ased ed by. a jue amount — 


property surveying in the city, and b 


Il the West Virginia was  inereased wy the: 
immense amount of chopping and cessary. When. mountain 


nial was encountered, all the axemen that ae bai worked could not 

ae The influence of the weather is a large item in the cost of these 
surveys; a line run in the middle. a winter may easily cost one-quarter 
more than if run during more favorable weather. | 

th e average cost of one mile of preliminary or Tocation survey, 


determined from a detailed study of the daily reports of field parties, 


‘ of office work done, and | similar data, i is shown: by Table 2 (to the 


and i is believed to be very closet to actual figures. 


TA 


AVERAGE Cost oF O 


» 


on, ocation, in- 
Of “ot location. cluding prejimi- 


‘The in Table all ex expenses, as in Table 
Table 1 shows a large variation in the cost of s surveys on n different « 
"divisions, the cost v varying - from $128 to $188 per per ‘mile, with an average a 
$151. On the assumpti on that lines located for ‘comparison 
similar ‘purposes should be i neluded in the average, hind 
be added to amounts, 
“be as follows: 
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Throwing ot an of the account the m of abandoned lines, 


lines, ete. ™ ., and charging the entire cost to the ma main m line, terminus ae 


} 
would give | 


be considered, because many miles of not needed to 
“the main line were located for other reasons and purposes. Therefore, 

the plan of throwing out only ‘duplications, for comparisons, as shown 

in the preceding p paragraph, gives ‘the correct average cost 


= 


‘Saeeaie where needed. It should also be borne in mind that a a large mn 


proportion of this duplication as necessary, , owing to the laws of West 
= which require an ste line, located on the ground, and a 


complete map and profile of ‘that line» to be filed with the Secretary of © 
State, and at the county seat, before a railroad company has any 


tights, of priority or hen ise, to that ro te or line. ‘This required 


- complete locations for all proposed branch lines, a large number f 


Ww re located, and also a _ complete location « over any Toute for > 
was desired to obtain ‘ights. <, For these reaso ns, the 
located account for ‘the a of the mileage o over the actual length = 

the basis of ‘Table 2, it may be assumed that, where route 

been previously determined within such narrow limits that 
pre liminary and location lines are of equal length, the surveys will 
from: $100 to $140 per mile. This is borne out by the results 

on the ‘Buckhannon and Northern line where the location and 

= lines were practically, equal and the cost was $127 per wile. = 

These two combined | in the following 


lines, cost from n $100 to $1405 average. . 
To locate one mile, final location, including from two 
five times as great a length of preliminary li 


from $128 t to $188; average. . 
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locate one final 1 including from two to 


times as great a length of lines, and 


one-third of a mile 
to 92515, average. .. 


ca tabulation of the mileage of the Buckhannon and Northern line, ' 


with 3 reference to the actual length ‘of line t to be built, and showing 


how the: results agree with the averages deduced from Table 1, is as” 


follows, the Buckhannon and Northern: line being used because the 


” 


car - eal conditions there make it the best average of “all conditio ns” encounte red 
Total miles located. . 


“Miles of main line contracted 80 


Miles of main line not contracted 


= of ‘connecting line located, but which: 
ay or may, not be built, about. . 


Leaving duplications, comparisons, 41 aad miles, iles, 


riles out. $19 249.94 — $175 per 


pen —The results obtained by studying and surveying the 


"neighboring country, will amply, justify, the initial cost, and, without 
doubt, the final results will p prove that it is cheaper in the end. A few @ 


= dollars | judiciously spent on surveys ¥ will be ae than made 


up for - in construction, 1 not only i in the actual cost, but i in a better line. 


That the desired results seem to have been « obtained, “may be. shown 


1 —Easiest grades: 0.5% west, 1. ‘(all | in n the 25 

<a miles near the eastern n end), other ‘roads using 5 per cent. 

2.—Curvature : 8° Maximum, as against 42° on other roads. 

; 3.—Short line: : This i is seen best on the map. ‘The Little Kanawha 
“Tine is miles shorter than the river, ‘the only water route. 


o line 16 ‘miles shorter than the “existing 


—Oceupation o of critical points: , since | built, through 


the 3 Bur le and Eastern rm Division (the B Burnsville 
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= The writer was Assistant Engineer on the Little Kanawha erence 


of all the companies, both on location and construction. 
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Eastern line never boon constructed) and a few miles" 


on Little Kanawha Division, had to 1 cate on and occupy sa eet 
lines for about 15 mil es, ith a 
curves. It could not have been built for its present 
making arrangements with the 3urnsville and Eastern 
and Little Kanawha Railroads. 
—The definite places previously determined on 


6. 6.—It being decided, after ‘many surveys—by which the advantage 
this line proved so apparent—to build the line as as described, 

no complete estimate of the cheapest possible in first 


prepared, but a sufficient number estimates were 


All the work w was carried under 8S. D. Brady, M. Soe. C.] 
then, as now, 1, Chief E ngineer of all these companies, who gave sells. 


personal attention to the work, and. to whom the writer i is indebted for 
ass stance and information in preparing ‘this | paper, and for permission | 


in charge of location; on its completion he became Assistant Chief re 
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3 ESTS OF BUILT- STEEL AND WwW ROUGHT- IRON | 


COMPRESSION PIE 30E S. 


By Arrnur N.“T aupor, M. Ant Soc. C. E., anp Herpert F. Moore, Esq, 


* aa The a tests described in this paper were made on the follow- 


ime compression pieces: (a) 2 a - steel column (called Column No. 1) 
built 4 up up of angles, plates, and lattice bars, all the parts being light; 

(db) ‘four -_wrought-i iron | bridge posts which had seen long service in a 
bridge truss; (c) three posts and a top chord In a railroad bridge 


under service. The tests of (@) and were “made in a testing 


medina: for (c) a locomotive: and cars formed ‘the los load. 


tests were made on lattice bars and other parts. 


ml 
my These tests were taken up with a’ view of determining ¢ experi 7 


mentally: med) something of the variation of stress, | both 


lateral, "throughout the channel members of the compression 
‘Piece; @) something of the amount and distribution of stress in the 

~ lattice bars of columns, : and the action of similar bars under separate — 

test; and (3) the general relation between the oe parts and 


the column asa whole. The ratio of the columns, —,ranged 


from $8 to 66. Tt be seen that instead of following “more> 
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“common effort to determine the effect of. length « of 


was placed on measuring the distribution | and range of stress over 


= It is unnecessary 4 state that built-up compression pieces (whether — 
jong or short) are not perfect, the natural imperfections of the com- "_ 
ponent parts being ir increased in the process of fabrication. 


structure wall 


nel are added such further imperfections a s as kinks and 


ste component parts and for flex in the 


rng An attempt | has been, nell in these tests to measure 
the deformations in the presence » of such conditions, and to find the 
general distribution of stress. In view the many ‘limitations sur- 
“rounding such tests, the r ults are to be taken as _ sugges tive and = 
and not as exact determinations. 


folowing _ observations on the results are ¢ given here with a 
view of showing the trend of the tests: De 

Variation of ‘Stress ‘Throughout the Length ond the Cros 


Section of the Channels and of the Column asa "Whole—Channel 
members show evidence of considerable Tocal flexural ‘action, such a 


may | be | produced by lack of straightness « or by « any method of applying — 


‘the eccentrically. This is especially true in the flimsier r column, 


The condition of flexure varies m n arkedly throughout: the of 


member, in some cases the compression in one 


x . 4 
section at fiber one side of the channel, and in 
showing: the ex cess of 


‘changes relative amount 


The measuremen 
the extreme fiber from 50% of the average stress, and ix in 
some cases even higher. 
~The amount of eccentricity 
of stress found in individieal channels, based on on lack of strai htness 
and the | ordinary of flexure, is relatively small. 
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by a a transverse in a 
of the compression load, or to that produced 
transverse at the middle of the to 2 


Jo 


—Tests of lattice bars for load- -earrying 


“when loaded eccentrealy through a con- 


Under common conditions of the maximum fiber stress may 
as much as three times the av erage stress, 


the compression tests of f single lattice bars, the ultimate 


was in no case as ‘much one- ne-half the elastic limit of the 


Relation between Component. Pa arts sand the 


~ ae Whole.— it is a q question whether the > component m members of a a built- up 


column act. together to form an integral compression 1 piece, especially. 


The: distribution (of stress un working and even up to. 


nt failure, may | be | quite differe nt from that which exists wher shen 


me 1s 
rained parts after the yield point is hed at any ‘fiber, and 


it 
sequent redistribution of stress. 


relation has bee en found between ‘the cere 


imn becomes | This” is. due <a yielding of 


and the stresses ‘com uted db formulas. 
The sudden failure a test column at : a relatively by 


verse shear in test colamns the strength of 
found in lattice- bar tests are taken into consideration. | 
LaBoraToRy Tests or CoLuMNs. 
Description of Columns.—One steel column and four wrought- iron 


columns: ‘were tested. ‘The steel column wa was Duilt especially: for 
purpose of this test the American Bridge Company at the Lassig 
lant ‘The wrought-iron columns were halves of bridge pos posts t taken 

nan old bridge of the Chicago, Burlington, and Quincy Railroad. a 
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II. Stress in Lattice Bars.—The amount of deformation observed 
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the instruments is shown by Fig. Plate | xr Two sets of instru-— 
ments were used, and sometimes more. ‘Generally, ‘they were placed 
| dal on on the front and back flanges of one channel and then on the other, | 
shown but sometimes on the front. or r back flanges of two channels at the = a ae 
time, ‘This procedure necessitated the removal of the instruments to 
parts i new positions : after several applications | of the load, and, i in the complete 
| “test of column, involved several hundr ed applications of the load. 
Tn all the tests to determine the distribution of deformations, care 
nities taken not to exceed the elastic limit at any point. ‘Under these 
on of _ condition 8, it is considered, for the purposes of the discussion 


3, 


| bolts 
ed by 
tened, 
bolts: 
olumn 
sented 


Jumns 


stress was to measure atv various parts of the column, by means of 


extensometers, the deformation over short ‘distances, and its ‘variation is > 


a way that shortening at: any point t of the cross- -section of the 


OF COMPRESSION PIECES | 


AIL th the were pin-ended, the pin being to. 


Se 
of the lacing. details of the ends | are shown in Figs. 1 a ind 
he -wrought-i -iron posts were ‘cut in two. Om was le le oft s_used 


ia the bridge, and bearing plates and batten plates | were bo olte ed t aie: 


Procedure of Tests. —The method used i in studying the 


the 


ov er a section perpendicular t ‘to the axis of the column. ‘The extensom-— 


were ‘placed outside the flanges of “one of he channels 


- member could be determined on the hypothesis that i in this pert of the 
|} channel a plane section before loading remained a plane section after er. 
the load was — Iti is seen that this hypothesis i is not dependent — 


A similar arrangement 


was s made i in 1 observing deformations in lattice bars. The position of x 


Ss 
stress develo ped see any point is proportional to the defo orm: 


7 Tatio of the intens ee the stress to the deformation per un 
therefore, will be te to be 


Material: 
ctensometers.—In the observations of deformation i in the channel 


members of the columns, the extensometers. used in ost of the tests 
"were gauges mounted. on ‘suitable ‘frames. ‘These gauges 
i: 


wor 


became available throug ge with a heavier 
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TESTS OF COMPRESSION PIECES 


Fig. 4 shows the | method of attachment of these extensometers to a 
column. The gauged length was usually 8 or 9 in. As will be ‘seen, 
the extensometers “measured the change length ‘Points 
slightly | outside of the members tested. From the actual tustvement 
3 readings were computed the deformations and stresses at the extreme 
“a fibers of the flanges of the channels by the ordinary method, which 
assumed a “rectilinear distribution of deformation and ‘stress. 
* ‘The type of instrument used i is light, simple, and convenient, and, 
under very severe usage ‘in other t tests, it had shown itself to be 
The limits, of accuracy of 
_ ATTACHMENT OF EXTENSOMETERS 
TO CHANNELS 


a 


would be too bulky. or. too likely 


to have its pants deranged under 


the conditions of column tests, 
“especially in field tests, | 
Fig. 4. 


‘The accuracy of all these instruments was tested comparison 


with a . Brown and Sharpe micrometer acting through a a 10 to 1 lever. 


‘Basing judgment on the max maximum ‘deviation observed i the cealibra- 


tion, and on the smallest deformations ‘measured i in any test of 


it is felt that the error in stress” determination for the 


channel members is am less than + + 10% , and that it is well 
within this limit for most the determinations the Jaborati 


su 


tests. “This g general limit of accuracy is corroborated 
4 


of the average on on the gravity 0 of the 


wm 


a9 


renr 


t of “most tests, this limit. may seem 


“Having in view that the purpose of the tests was qualitative rather 


n quantitative, and the great variatio on in the distribu 


ee ‘tion of stress found i in the columns, and the general consistency of the 


‘results, it ita may be that instruments were satisfactory. 
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3 TESTS: OF COMPRESSION PIBOES 
In several the tests, both the laboratory and in the field, 
Johnson used, but it was found 
the were trustw orthy, and ac t of 


1 . aie bars of all colum s but No. a On account tof the very bw 


stresses is felt the stresses. "determined in 
in i 


20%, or even ‘more. 


in, was: used, and the 


‘in the lattice bars of this are “judged to have been 
_ ne ed with an error in any case of ‘not mowe than + + 10 percent. 
‘Testing Machine. —The testing machine used was the Richle, 
“600 000- lb., vertical, serew-pc -pow er 


testing machine i the Laboratory 


« Applied Mechanics of the Uni 


“versity of Illinois. machine 
has a clear space of 36 in. between 
screws, and will take in compres- 


sion specimens 25 ft. long. The 


; speed of head used in these tests 
was in nearly all cases 0.4 in. per Fi 


minute, Ths machine is equipped 


yy 
with | massive | guide frames wae: 


take the v very heavy ‘side thrust — 
which oc urs on the eross- -head Loading Column No.2a and 
+ for No.1 for 
when a a specimen is tested under | Tests land 14 


‘oblique load. These guide 


en entirely independent of weighing 
Method of Loading. —Two methods of loading w ‘were used, 


and oblique. In all eases the load w applied at 
co umn ‘through: the ‘pins, and in 


and pa passing ‘through: the nomi 


in 


loading, the adjusted to an 


ven. earing on the the 


abject being to apply the Toad | “equa aly to the two of the -eolumn. 
‘Tn oblique loading, ‘the pin was as on a narrow 
to 


shown i in Fig. 5, in such a a way as 


ert 
center of the was: taken as 

This is is 


approximately t true, the error not being 
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TESTS OF COMPRESSION 


with Column No. the Point of of 
the oad is uncertain, as an oversight the two bearing pieces 


the It seems probable that. the loading was nearly central. 
Routine of Tests for Stress Distribution. In La test for stress die 
- tribution, the column was placed in the machine and a light initial 
Toad was The were then attached in position 
‘some point of f the column, and an 
aken. A known load wai was ‘applied by the testing 
"machine and the instruments were read again . The oad was then 
_ released to its initial value and another application of | the load was 
made. ‘the did not exactly | check the first, further 
In cases where ‘the observed 
deformations were or abnormal, the test 
at another time, and in some cases as many as ten observations were 
on the same gauged length. In some these cases the 
ments were re resét, “their places being exchanged. The instruments 
_ were next attached in a new location, and the presen was repeated. 


Thus the stress distribution i in various parts of the column was anni 


“determined. The load generally used the laboratory tests 
10 000 Ib. per in. of section of the column in excess of the initial 
Results Tests for Stress Distribution in “Channels —Tables 


and 3 give results of the tests” o determine stress distribution and 


variation in the flange ‘members found in twelve | of the > column tests. 


stresses given are calculated the ‘observed deformation, 
using for the | mo odulus of elasticity 28 000 000 Ib. per ‘sq. in. for steel 
and 26 000 000 Ib. per sq. in. for wrought iron, these values checking 
with the total shortening of the e columns and with the av ge 
observed throughout their length. As heretofore de- 
ted is the ce of 4 or in, 
: point indicated. _ Any lack of a agr greement between 


center. of gravity the flan 
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tion. The full line gives the stress at the side (front) ‘and the 
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TABLE 2. —STREssEs 1 IN” N No. 


side. ast st side, West side. ‘East, side. 


10 000 6800 500 

9 600 900 
10 000 
11 000 


0D 


_ 


— 


Test No. 2. 


12 100 | 12 100 10 000 
12 600 | 12 700 18 500 
12 500 | 12 800 12 500 
18 300 | 12 700 | 10 500 
10 200 10 500 | 
10 200 11 600 
11 900 | 12: 11 600 
11 800 10 500 


§ 000 | 9 60 
ae 8 | 9600| 91 00 | 10 000 200 eae 
ed | 11 000 | 111 ) | 10 9 
ed . 6 9 900 | 1 6 900 | 11 006 3 9 600 | 1 ‘ee Sea 
10 800 | 11 1 
ore 8 | 8100| 8900 1100 | 400 | 1 7) 600 
ru- | 14.000 79.500 | 9 600 
ally 
tial 8.000 | 8300) 
11 400 | 9.000  6300| 
9100 | 6800] 6800 | 8 400 — 
e de- | | 18 800 10 600 
| | vee 10 900 | 8 800 000 | 9200 
| 10 11 000 | 1 700 | 10 700 
tween | 10,000 | S00 | 11 20 10 500 | 10 700 
tw | 10500 | 40 10 900 0 800 
12 300 | 12 500 11 000 | 1 
10 200 | 12 1 900 | 10 
12 | 12100 | 14200 | 11 | 10 Ban 
10 | 10500 9700} 7500) | 500 | 7 800 
14 200 | 10500 | 6 500| 7 
— 
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TABLE IN CoLUMN No. 1— —(Continued). 


| | | | Sq | 6a | 82 | | | 


| 


10 800 | 10700 | 10 500 | 11 100 | 
11 600 | 11 600 | 10 100 | 11 100 
12 300 2B 500 9 900 | 10 900 


16 100 | 5 400 “i bo0 12 800 | 10 700 
8 000 | 10 600 | 11 000 | 10200 | 9700 
800 | 12 000 | 12.400 | 9700 | 10 000 
500 | 10600 | 10400; ..... | ..... | 
600 | 8800} 8100; 6800 700 


6909 | 16 400 | 16 00 | 16 700 | 900| “9 600] ..... 
--13- | 41 000 | 10 700 | 10 700 | 11 100 10 600 | 10 500 | 7 300 ‘ 


Test No. 5. = 


co 20 


COT 
_ 


| 


3 
| 12100} 10400} 9300 11000} 9500! 8700! 9700 | 10500 | 10 900 | 10 400 | 10 800 | 1090 
a 7 9 800 | 11 100 | 11 800 | 10 000 | 10 200 | 10.500 | 12 200 | 10 400 | 9300 | 18 500 | 11 300 | 1040 & 
1% | 7900} 8500| 8600) 5800} 8200) 8900| 7300| 8400} 8900| 7400| 7900) 
| 11.800 | 11 400 | 11 100 | 10 90v | 10 600 | 10600 | 8500) 8600] 8700| 9800|10200| 2, 
2% | 10 700 | 11 000 | 11 100 | 10 800 | 10 200 | 10 200 | 11 800 | 11 900 | 11 800| 9 700| 9700) 960— 3 
3 | 5800| 7500| 8500) 7800) 8000| 8500| $300) 8500) 8600| 7700| 9100) 4 
3% | 8000| 8100] 8500] 7400) 8100| 8500| 7800} 8600| 9000| 7500| 7 
| 15 400 | 18 000 | 12 400 | 13 500 | 18 000 | 12 800 | 11 600 | 11 800 | 11800 | 9900] 9900) 6 | 1; 
4% | 12 200 | 10 700 | 10 300 | 12 200 | 10 200 | 9200} 9900} 9900] 9800] 9800) 9800| 7 
5 | 9400} 9500| 9600] 11000| 10100| 9600) 9700| 9500| 9500! 8900) 9800| § | 
| 9900 | 10 700 | 11 100 | 10 500 | 10 900 | 11 000 | 10900| 9100] 8300| 8700) 8800) | 
| 7400| 7300) 7200} 8100| 9200) 9700 | 13.800 | 11 900 | 11 100 | 11 100 | 10 600 | 1020 
6% | 10 900 | 10200} 9 700| 10 200 | 10 300 | 10500| 8600} 8900} 8900} 8500| 8600) 
| 42 100 | 11 700 | 11 400 | 11 400 | 10 900 | 10 400} 8300} 88v0| 8900] 5900] 7906| 
7% | 9900) 9200} 8900| 9600| 9400| 9500| 6500| 7600| 8300| 4600| 6400| 6% 
| 9800! 8600) 8300| 8100| 9700 | 10400 | 11400| 9500| 8500|12700|10800| 1010" 
8% | 9200} 9700| 10000| 9700) 9500| 9300 | 20 200 | 15 400 | 13 100 | 15 400 | 14 000 | 1390 4 | 14 
| 6500) 7600| 8300) 9700| 9700| 9900 | 12900 | 13200|13100| 9400} 9900 | 109M! | 1; 
10 000 | 10 400 | 10 600 | 12 900 | 9 500 | 8 100 | 4600 | 7800 | 8900 | 4600 | 7 800 Lg | 1y 
16 400 | 12 900 | 11-200 | 17 000 | 14 400 | 12900 | 8000; 8600| 8 700 6 800 8000 | 8f 2 13 
11 300 | 10 700 | 10 400| 9900| 10000 | 9700 | 10500 | 11100|11200| 7400| 8900| 24 | 19 
7000} 8400! 8900} 8100) 9100| 9600 | 12600 | 11 100 | 10 800| 9800| 10800 1100S 17, 
9700} 8900] 8600] 11900! 10500| 9700} 8200| 11100] 11700) 8900| 9700) 3% 13, 
14.000 | 12 400 | 11 600 | 11 900 | 11 000 | 10400| 6900! 7500] 7800} 8100} 8800| | 14 
97 8900} 8 600 | 10500 | 12 100 | 12700 | 10 800 


Pa 
— 
— 
| 
= 
— 
— 11 200| 6 100 | 3000 | 2500} 900 | 10 200 | 10 
11 100| 8400| 8500| 8 500 | 12.000 | 11 300 | 11 100 
200 7.600| 9400] 9700| 7900| 9300| 950 
| | | 10700 | 10 200 | 10 100 
6500| 8900| 9500] .....|..... | ..... 
| § 000 | “9 400 | ‘9 400 | 10 300 | 11 300 | 11 400 
8 500 | 10 700 | 10900 | 7 900 | 11 100 | 1150 
10 800 | 7500} 7000 | 9 | 10 700 | 110% 
— 8 
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Sout CHANNEL. 


ast side. 
net side, 


= q 


fiber. 


| 


‘oLUMN No. 
| 500 
8 400 


6 400 
8 300 
7 100 
6 100 
8 800 


5 900 | 

6 100 

6 500 
6900 | 8 400 | 
7900 | 8000] 7100] 

90| 7400} 7800) 6 20 

Cotumn No. 


$000} 8 400) 
9 900 | 10 200 
8 600 | 9800 
8600} 8500) 
10 500 | 8 800 
9 800 | 10 300 
9700 | 9600 
9 500 | 10 200 


2 
3 
5 
6 
7 
8 


10.000 | 10 000 11 000 
9 500 | 10 100 11 100 
9 900 | 10 800 11 400 
9 800 | 11 100 10 000 
10 600 | 11 900 12 600 
12 100 | 12 400 13 900 
12 400 | 13 400 14 600 
12 700 | 13 000 10 700 


10 200 
11 600 
12 800 
| som 


14.000 | 11 700 | 10 800 | 12 600 11 400 
11 300 | 12 000 | 12 300 | 11 100 9 600 
| 11 300 | 11 100 | 11 100 | 11 100 10 700 
13 100 | 12 600 | 12 400 | 12 900 
12 700 | 12 000 | 11 700 | 18 100 
11 800 | 12 000 | 12 200 | 11 400 
13 500 | 10500 | 9 300 
14 300 | 18 100 | 12 700 
11 600 | 11 600 
| 12 600 | 12 400 
13 700 | 12 100 
12 600 | 12 700 
13 100 | 11 900 
11 109 | 11 300 
10 600 | 10 100 
10 300 | 12 800 
= 


p= 


Test N 


side. 


East 


side. 


enter 


of gravity. 


4300| 8 300 
9800} 9000 
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Ses 


Test No. 7. 


10 100 
10 000 
9 600 
10 200 
9 700 
10 400 
9 700 
10 300 


cST 4 


- 8200 | 10 000 | 10 800 
10 100 | 11 6C0 | 12 100 
10 000 | 10 200 | 10 200 
9 700 | 11 100 | 11 600 
8 400 | 9400} 9800 
10 800 | 11 100 

8 300 | 8 700 

8500 9 200 


| 


= 


S55 


< 


SEES 


| 


7 «TABLE 3.—Srress Wrovcut-Iron Bripce Posrs. 
| $8) 28 | MB | | $8 
3 55 8000} 7700] 8800} 9200) 6 700 
7100 | 8 400 800 | 9000} 8 200 
5 8500| 7500| 8800! 9300] 8700 
10600 6 8 400| 7100) 7600| 7800) 6900 
{11100 | 7500 | 7500) 8200] 8500] 7500 
| 9500 | 64 7 600 | 7700| 7900| 8000 6.600 
| 12 600 9 300 | 9 000 9 500 | 10.000 | 10000 | 9 000 200| 8000), 
| 10 200 | 10.000 11 500 | 11900 8400/ 9100 9100} 8 700 — 
yo | ii 8 800 | 8 700 10 000 | 10.000 | 10000 | 9 700 9400 | 9 600 — 
9 100 9500} 9900) 8600] 9800 9 800} 7 500 
00 | 10 400 9 600 | 9900) 10100| 9800 10 400 | 10 200 
f 500 | 10 000 10 000 | 10.000 | 10 400 | 10 400 10.000 | 9 900 7 ~ — 
00 | 9 900 9 900 | 10600 | 8 700| 9 500 10 900 | 10 000 
9 600 10 900 | 11000 | 7.600} 9 600 7 800 | 9 900 _ 
900 | 830 9 06 000 | 
200 | 1040S 2 870 8600} 9400) 97000 
700 | | 93 7.400) 8400| 87000 
100 | 4 9 100 8 200 8500 
600 | 7 700 7 700 8 800 
900 | 6400 | 6700/6200. 
9 800 oof 6 200 7 800 8 
| Corumn No. 5, Test No. 9. 

6 400 | we — 
10 800 | 10 7400} 8100| 8400; 7 
14 6 700 |_ 8500 | 9200 
9 900 57 
8 800 | 9 — 
11,000 | 1080 8 
8 — 
8 8 8 609 | 8600 10800 


TESTS OF COMPRESSION P PIECES 


Norra (CHANNEL. Sour C 


of gravity. 
Inner 
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0. 2a, Test No. 11. 


8800 16 200 
10 000 12 000 
9 000 11 200 
10 000 10 300 
10 200 10 600 
8 600 9600) § 
10 600 | 10500 
10 000 | 10 000 
10 200 | 10200 
11 900 | 11700 
10 700 | 1070 
11 000 | 10000 
10 800 | 10000 
10 700 | 10 800 
10 700 | 10800 


Corumn No. 2a, Test No. 12, 
10 400 10 600 | 10 000 12 600 
9 700 = 10 700 | 10 900 11 300 
10 000 
11 400 
11 600 


monwoovovor 


Column 
Number. 


al 


is 


|e 
ose 
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‘ 
ab, 


| 
— a 
Of | BS] OF] BE | COB] Ow! 
. 4a, Test No. 10. 
a 8 000 | 11 700 | 10800 | 10500 | 9900} 11200 11800 
— ft 7 500 | 12 100 | 10 900 | 10 400 | 11 100 | 12 500 | 13100 
— a 1% 8 400 | 12 100 | 11 400 | 11 100 | 11 000 11 400 | 11 6 
=. 7 500 | 10 800 | 10500 | 9 700 | 9 800 | 11 700 | 12 600 
— 2% 6 800 | 11 800 | 11 500 | 12 100 | 10 900 | 10 400 | 10 300 
a a — 6 400 | 13 300 | 11 100 | 10 400 | 10 400 | 11 100 | 11 400 
cue’ | or" 7 400 | 13 600 | 11 600 | 11 100 | 13 000 | 12 400 | 12 400 
ie 6 800 | 14 800 | 18 500 | 12 700 | 18 1° | 11 100 | 10500 
7 500 | 12 300 | 11 100 | 10 800 10 300 | 15200 9 400 
ae >) Sd 8.500 | 13 000 | 13 300 | 13 500 | 9 000 | 11 400 | 12300 
—— i: | 6 200 12 700 | 12 300 | 12 100 | 12 300 | 10 700 | 10 100 
——— 7200 | 14 200 | 14 200 | 14 200 | 11 000 | 11 200 | 11 300 
i 7 100 | 15 400 | 13 700 | 12 900 | 13 500 | 11 500 | 11 100 a 
6 700 | 11 900 | 13 600 | 14 600 | 11 100 | 12 100 | 12 400 = 
12 300 | 12 400 | 12 400 | 300 | 16 200 | 11 100 
— eo | 6 200 | 10 700 | 12 200 | 12 800 | 10 000 | 16 300 11 100 4 
— 
= 
a a = te 11 600 | 10 900 | 10 400 | 11 400 | 10 500 dal 
— 7300 | 9300 | 10000 | 7300 | 9 700 | = 
aa aga 11 600 |. 9900 | 9 600 | 11 600 | 10 900 | 10 000 TAE 
8900 | 8700| 8 600 | 10 500 | 10 300 | 10 000 
ee 9 700 | 9 200 | 10 900 | 10 300 | 10 000 & 
— a 
| 9100] 10 11 200 | 11 
—— 8K 10 700 | 10 10 800 | 12 
| 10 100 | 10 10 400 | 11 
900 | 14 11 300 | 11 
| 11500 | | 10500| 9 
6% | 11700] 9 9 200 | 12 
11 600 | 9900 | 11 100 | 10 600 | 16 500 | 9800] 9300] 9600 | 10000/100 & 
| 8000] 10 300 | 15 490 | 15 400 | 15 400 | 7 800 | 10000 | 10600} 6800, 8500; 900 Chanr 
9 900 | 11 700 | 10 100 | 9900| 8800 | 10400| 11100| 9400) 9400) 940 


= 


7 


RTH Cu 


ad Bast side, 
Be] SE| be] Se] SE] bE 
ad | $ Sai 22 ag 
os BS | OF OF 
No. 2a, Test No. 13. 
| 
) 300 1 | 4500; 7000| 8600; 7000; 8600| 9100] 9800) 10800} 11 100 | 10300 
4 7600 | 9000} 9500 | 10300 | 10 400 | 10.600 | 10900 | 10100| 9700/12 
2 400 8 7000; 8600| 9100| 9400 | 10100} 10800 | 11 300 | 11 300 | 11 300 | 11 
4 8100, 9100| 9500 10 400 | 10800 | 10900} 93800) 10400) 10700; 9 
9 400 8 200 | 9500 | 10000 10 000 | 10 200 10 200 |} 10900} 8900} 8100/10 
2300 s 10 000 | 10 400 | 10 600 | 10 500 | 10 000 | 10 000 | 8500 | 9.609 | 10 000| 9 
0 100 9800) 9800 | 9900 | 10200 | 10300] 10800] 9500 8 800} 8 700 9 
10 300 


average stress. The excess of the maximum fiber stress is given as a 
_ percentage of the average stress. 


TABLE 


Table 4 gives a number of the most ‘marked deviations from a 


ig y eccentric. 5, 64, OU, 49, 
1 by bolted...) Central. 29; 28, 27; 
1 by tin 67, 55, 49, 29, 
2 81, 28, 28, 21, 
. 20, 17, 12, 11, 
41, 28, 24, 22, 
5 | 48, 48, 88, 85, 
4a BB, 49, 42, 40, 
16, 18, 12, 
2a «42, 42, 24, 28 
& 85, 84, 22, 2 


q 
In most cases the maximum stress in the outer fiber of the 

‘channel; sometimes very high | stresses were found in the inner fiber. 
“Generally, the stress in the opposite channel we was icc less. 
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12300/13000 
12 600 | 12 600° i= 
12 600 | 18000 
10 700 | 1 ees 
10 400 | 10 — 
10000}101000 
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iii: 
< = ae 
12 90 
9.900 
10 
11700 
10000 
10 800 
i= 
) | 12300 
| 
| 9700 
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40 000 
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Lattice Bars. ‘s.—Table +5 gives t ‘the “results of of “tests to to 


Tests 14 and 15 were tests on the leltien bars only. . The distribution 
of s stress over the cross- -section of the bar is in another place. 
ae The ) average e stresses i in the e lattice b bars are computed fi from the observed 
‘deformations, using a modulus of elasticity of 28 000 ¢ 000 Ib. per sq. in. 
for the. steel column, and 26 000 000 ‘Ib. per sq. in. for the wrought-i -iron 
columns. . As might be expected, from the irregular variation of stress” 
Besta! the flange members of the ote! ” stress in ‘the lattice bars 


‘Table 6 gives the stresses and the corresponding 
transverse se shear. The transverse shear given in this table is » thi tb 


which would cause a stress in . the lattice bars equal to t the ‘maximum — 


"determine the e average stress in the various lattice | bars ‘of the ‘the 


stress observed i in ‘any lattice bar, and was computed by doubling the 
transverse component of the maximum load ‘observed on a lattice bar. 


In the case of obliquely loaded columns, the transverse component of — 


the load was computed on the assumption that the load was 


TABLE 5.—Tora. IN Pounps, ON Bars Unver Loap 0 


‘Conumns oF 10000 xB. PER SQ. 
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Cotumn No. 2a, Test No. 12. 


No. 2a, , Test No. 

3150t 


000¢ 


through the center of the e bearing blocks. This: transverse 


“Tated fre from “the deformation of ‘the lattice bars as b before. noted, and 


the re remainder has been tabulated under the heading ‘ “Transverse shear 


4 in ‘column due to nominal central “load.” 


Tests to. Failure.—After the wrought-i iron “bridge posts had 
tested for stress distribution working loads, they were loaded to 
Deformations we were measured in the ‘flange members of 
of the column on w rich the previous test had given the 
gives the result of the tests to failure. For all the 


‘Final, fail r rre ear 
‘failw ‘oc recurred d 


aanel had b been shown by th the , deformation measurements at working eet 


middle ¢ or ‘the end. In the former case, high stresses in 


wey 
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'TESTS OF COMPRESSION PIECES [Papers. 
NORTH CHANNEL (Top SOUTH CHANNEL ae UPPER CHORD, U, Uy» OF WHITE | 
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Column number.......... 
Test number 

> Method of loading 


eevee 


- Total load, in pounds 
j 


Maximum observed average 
stress in lattice bar, in 
pounds per square inch,,... 
_ Corresponding total stress on 
_ bar, in pounds 
Corresponding transverse 
_ shear in column, in pounds. 
Shear due to known eccen- 
tricity of load, in pounds... 
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ues of ratio of shear to+ 
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(Fig. 5). 
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‘[Papers. 
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Case, | 
was noted by the instruments at the end of the 


_ column. In two of the three columns in which failure took place in “al 
ie the. end of the ‘column, as the instruments did not show over-stress 
in the laced portion of the — ‘the injured ends were removed, new 


end connections were and = retested as Nos. 


‘a 


=. 


Method of loading Central. Central. Central. arm, Central. 
di 480.000 
Average stress at] 
4 per squareinch..| 26 200 


strength of short 
pieces over| 
column strength.| 
Load at first sign 
of yielding, in 
pounds 
verage stress at 
first sign of yield- 
ing, in pounds) 
per square inch. 
remarks, | Bowed at Buckled near| Bowed at 
i middle in| bottomin | middle in 
C4 plane per lane paral-| plane per- 
| pendicular| lel to lacing.| pendicular 
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‘Pailure by Buckling “of Lattice Bars.—In o one of the tests of 


= No. 1, the lattice bers. failed by buckling suddenly and with: 


— 


ee 


~ 
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Ree out warning. — As tested, the column was fitted with ‘the light lattice 
a - bars (1 by } in.) ‘riveted i in 2 place. The test had i in view the trial for 
stress distribution under a slight which was not carefully 
No measuring instruments were in place. ‘preliminary 
Toad was being applied. When the load reached 150 000 Ib. (8 060 Ib. 
. of cross- s-section), the alternate lattice bars i in the upper 
 * failure of this kind was quite un- 
ad. Although an observer 3 was watching the 


ae column, the failure was so sudden that he was unable to follow the 
act of me au In this respect it was quite in contrast to ad 


tl 
4 
b 
d 
tl 
— 
= 
36800 | 36800 | 46800 
— | 
ag 

— | 
y 
= 
= se 
— 


TESTS OF COMPRESSION PIECES — 


failure of the other columns. ‘The machine was at “once stopped. 


Little damage was done to the column, except to the lacing bars. b 
‘The webs were easily straightened, lacing ng bars. put on, and the 


‘on lattice bars like those used in this column, ‘the results, in 


- the absence of other data, may be useful in 1 estimating: the load ‘carried pe: a 
the lattice bars at. it failure. Under conditions of loading similar 


to the conditions found in column lattice bars, these sample bars 
failed under a an average load of 2 Tb. Assuming that the bar in 


“this column which first failed wa was carrying | 2100 Ib. when failure 


the transverse shear in the column may be computed. 


following i is a tabulated statement of the results of this test: — Be 


Compressive Manner 


loading. 


maximum | “ing transverse 

_ loadon | in column. |_ Shear io 
in pounds. po 


| slight 210 | 38760 


The now riveted the heavier lacing bars ( (14 by 
wed at in. Was loaded obliquely, as shown in Fig. with 3000 000 Ib. 


ne per- S& 900 Ib. per sq. in. of cross~ section), and the stresses in the ] ee 
bars were measured. No sign of failure was apparent, and, from n the 


data given in a succeeding paragraph, it appears that under this cote 
7 ‘the lattice bars must have been stressed to about three-quarters of aia: ee 


-Bending Tests - Columns.—Cross- bendi ing tests ‘were 


n one of the wrought-iron columns | and on Column No. 1. “The tests ey 

were made in an Olsen 200 000-Ib. . testing machine fitted for. tenting 

beams: ft. long. -eolumns were supported the ends” and 

loaded a at. ‘the, center with a a light load. column was 


first with: the plane of the lacing perpendicular to the load, and 


wks | 


then with the plane of the latticing parallel to the load. | The lattice we 
bars. cused in the tests of Column No. 1 1 were 1} by we in. in cross- tom 


om in ‘one test ne bolted i in 1 place a and i in another ‘they were bane Ba 
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‘TESTS OF COMPRE SSION P 
COLUMN NO. 2 TEST NO, 
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in the channels and the lattice bars was, studied. The method of 


. The theoretical ¢ elastic: 


curve was s computed Siens he common ini of flexure, not counting 
the lattice ix 


mputed 


stiffness. 
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Deserotion Bridge— —The bridge 


_ The bridge is on 


Bei 
of the bridge 


train 


1g. 


Members Investigated. _The ‘members studied for stress distrib 


tion were Posts U, L, South, Us L South, L North, : and upper chord 


. oe 11, shows the location of th 


members. The posts were made up of two steel channels, double laced, 
while dl the top chord was made up of two built- -up channels with a cover- 


ate on top and lacing across the bottom. The cross- -section of the 


_members tested is shown in ‘Fig. 1. Fig. 12 iim ‘the post and 


Measurement of Deformation. —Ames test gauges were used 
and the method of ‘attachment was: the same as in the | 
laboratory tests of columns. The method of ‘reduction. of instrument 
_ readings to stresses at the extreme fibers of menses ‘was also the same. 
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oe a visto was taken. . The test train was then run upon the bridge 


n po osition (one approximating the maximum 


r test), and the instruments were read again. | ~The train 


eae the bridge, and the instruments were again read. 
ure was repeated several times, at least three applications 
mate and frequently several more. 


to o another of the column, 


‘The instruments 
that part was 


los ad on the 


on b both flange” members 


rs. The tests covered a of eight days. 
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esults of Tests for Stress Distribution in ‘Channe els.— -Table 8 
gives the results: of the tests to determine the s stress. 
variation in the channels of the bridge posts, s, and Table 9 gives ves those 
Ae for the top chord. % The stresses given a are calculated from the observed _ 
ing ‘modulus of elasticity of 30.000 000 0 Ib. per sq. in i 


The conditions of ‘Measurement of deformation — e much the san a 


as in the laboratory tes “- ‘The stress noted is the average stress over _ 

a space of 44 in. on side of the po point indicated. 


PABLE! 9. IN CHOorRD oF Heatu Brivce. 


from end, 
in inches. 


3 Outer | Inner 
| fiber. fiber. 


4300 5000 | 5500 
4900 4500 | 4800 
8 | 2800 8400 | 4500 
4} 2800 4200 | 5300 
5 | 5700 3900 | 4800 
6 | 5500 8100 | 4200 
7| 590C 3400 | 3600 
8 | 6200 3300 | 4400 
9| 6000 4700 | 3800 
10 | 5900 4400 | 4900 


TABLE 10.—Maximum OBSERVED FIBER STREss IN 


at | riveted at potion 5° on 
an extreme fiber, in pounds per 

Percentage of excess maximum observed vial “4 


* No values from Panel 1 have been in as no is known 


the high stresses indicated in that panel. 

‘ae Figs. 8 and 13 show graphically the distribution and varie 


tion. In these figures the full give the stresses at the west side 


(front), and the dotted lines the stresses. at the east side (back). 

In Table 10 are given a _number of the highest ‘observed fiber 

he excess maximum fiber 
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STR UTION IN SMALL. PIECES 
Stress, in Thousands pf Pounds per Square Inch 
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TESTS or COMPRESSION PIECES 


centage of the average stress. ess. At most sections te 
was in the outer fiber of the ‘channel, but i ‘in some cases it was en 7 


In the tests of the bridge posts an attempt was made to determine 


s. These stresses were very 
and the precision of the ian. was not sufficient to measure 


them: with a any ‘great degree | of accuracy. should be noted that the 


double, and bars \ were riveted 


“lattice bar load bent in shape of a very curve, the 


I aa of attachment to another lacing bar, at the x middle, Shit a point 


Special Tests on Bridge Coleumas:— —Tests were on the batten 
p 


plates al at the > top of one of the and under load a bending 


nt 
one Dost, the change of was as locomot tiv 
the 


AND 
Compression Tests of Lattice Bove. —Many of ‘the lattice bars in a r 
column, as _ they transmit stress from one flange member of the 
Be umn to the other, are under compression. To study the action of | 
: = bars under compression, a series of tests on \ single lattice | bars —_ 
was made. e. Fig. (15 shows arrangement of the apparatus. 
attice bar was: ‘tightly. ‘bolted to the blocks, By and B, The upper 


that be expected i in a column for lattice bars ars which 
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= = were noted as the train moved across the bridge. In the inner channel i a 
the post, tension was set up as the locomotive came 
— 

block, B,, was pressed against the weighing table of ie testing 
pachine. A spherical-seated bearing block was used, to = 
Fearing. Ames test gauges, “, mounted 
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. FIBER STRESSES IN COMPRESSION TESTS OF LATTICE 

Maximum Stress, in Thousands of Pounds per Square Inch. 
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are next to the flange member (here designated ‘ under” bars). ‘The 


tside of these bars are designated ‘over” 


over” | 


distribution found i in | these tests. However, these tests give some idea 


of the relative behavior of lattice bars of various proportions, and of 
large ‘eccentricity 0 of loading of all lattice bars. 
Lattice bars of the following cross: -sections were tested: 


13 by din, by in, by in. angles. by 13 by 3 in. ; channels 
1k by 2 in. Several channel and angle lattice bars were tested 
aad ‘ with ends flattened and ribs. turned i inward, to x minimize t the eceentricity 
of loading. ‘Bars of the following lengths between centers of rivet 
As holes were tested : 8h in., , 134 in., and 20 in. 7 The rivet holes were 
4 in. in diameter. bars we were tested in Philadelphia Machine 


Tool Company's 100 000-Ib. testing machine, and and ‘and extensom- 
ae eter readings were ta aken to failure, 
Observations were ere also m ade on the avior of a lattice 
under load, with a view to the distribution 
ov er the section. Column No. 1 was loaded obliquely. The instru 


“ments placed on an “over” bar which had been to carry 
a high compressive stress, and resdines were taken to determine the 


When Column | No. eross-bending test, “observations: 


a e made to determine the stresses ‘transmitted by lattice bars and 


theix distribution over the section of the -Extensometers were 


laced ‘successively or on “most com ression | on one-h -half of the 


lumn, on some bars which were under tension. of these 

tests the | bars were 14 by in., , and were riveted. ‘ead — 
Results of Tests of Lattice B Bars.- —The of the tests of 


single lattice bars are given in ‘Figs. 17 and 18, and i in Tables 11 ‘and 
12 Fig. * shows the ratio of maximum to average stress in the bars 
Pn is, 134 in. long between centers of rivet holes. It also gives the result 
erie” en of the test t of stress ‘distribution in a lattice bar of Column No. 1. 
a. pe Table 11 gives the stresses at failure of the various bars tested singly. 
The average stress: on the various bars, which corresponds to maxl- 
mum fiber stress 401 000 Ib. ea. as taken from these tests, 
has | been noted and is ; given in n Table 12. | The 3 results of the tests to 
failw re are shown graphically in in The a angle ‘and channel bars 
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no greater than the bars” fastened with ‘ribs 


11 Tests OF Bans. 


Average of “two specimens. 


Poti Stress at failure 


Distance from Average stress | _ for steel of 
i Section of i = center to center at failure, in | 40000 Ib. per sq oo 
in ‘inches. of rivet holes, pounds per | in. yield point, in 
in inches, inch. |pounds per 


ag 
184 12 900 


158 14500 


by 14 by angle 
154000 
900 
Bolt sheared. 
sheared 


by fl 
y 4, channel 


by by 4, angie. 


*The values in this column were observed stress 


the 

a Maximum FIBER ‘Srress or 40000 LB. PER 

ations 


Section bar, from centertocenter| 


s the results of the test for stress ST NOY in the 
n No.1 as it was in cross- 


all Col 
made in order to study the effect of f slight and Malia 3 in the 

column upon the distribution of stress. ‘The deviation ‘from a straight 
tests, a Tine, in these ominally str aight pieces, was ‘measured before 


to was applied deformations on ‘two ‘opposite tie a given load : 


as similar to that used on the 
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TESTS TS OF COMPRESSION PIECES 
on single lattice bar tests. Th he | instrument was shifted from one position 
another along the column. . The columns were “finally” loaded 


failure. One of the columns was a flat piece of steel, 3 by 0. 72 i in, in 


¢ross- “section, and 40° in, 


a spherical- -seated — second compression piece was a 4- ~~? 
channel 40 in. long. The ends were planed square ; ‘the Upper end bore 


* a flat compression plate i in the i iron head of the ‘machine, oad a 


13. —Srress IN Larrice Bars or CoLuMN No. 1 UNDER Cross 


bars. by ¥ in; ; 17.89 in. 1. center to 


«| Maximum fiber stress, Average | stress, from Ratio, 
from Ames dials. Ewing extensometer, 
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TABLE 14. —Tension Tests OF M MATERIAL FROM CoLUM 


rata umber of at yield poin at ultimate, onga- — 
¥ Material. test pieces.) in pounds per | in pounds per tion. 


Column No. 1 
Angles... 


F lacing DAr..... Steel. 
Channels of wrought-| { Wroughe g 
iron columns. ....... iron. 


Tests of Column Material. —Table 14 gives the results of the vente a 
tests of samples of material various parts of the flange members 
of the columns, and also of tension tests of lattice bars. Rs Table 15 


gives. tension tests" of lattice bars li ke those wed in n the compression 

TABLE. 15- Tests: OF ‘Larner Bars. 


Dimensions of Average stress Average stress 
| ion cross-section ‘specimens at yield point, in at ultimate, 
of wholebar, | ‘tected. “| pounds per | in pounds 
ininches. | square inch. square inch. 


Channel.| 1} by by}. | | 48.000 600 

Angle... | 2 | 45000 | 89800 | 


2 
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“cussions of column action, the stress is usually assumed to vary uni- 
ommly from a minimum on one side of the cross-section to a maximum 
on the opposite ‘side, and the whole eross- -section of the. column is 


considered. to act as ‘a unit. The longitudinal a axis of ‘the | column 


also co considered to take a definite 


‘elastic curve under load. Sq In the 


i 


4 results of tests of the small columns. The 
dotted line repres — 
column. The | — 
ulations, The solid line the ctreme 
aa: presents the stresses on the two sides” — 
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indie 


derivation most column formulas, it is assumed that of 
deflection of | the elastic curve from the > original position of the axis 


is an important element in fixing the maximum stress in n the column, 


ie assumptions | are generally used as the basis” of column 


formulas, itn may y be well to consider whether conditions ; may ‘not exist, 
— ‘columns of ordinary form and dimensions, which will render doubt- 


ful the general applicability of some of the 


as 


onsi 


that ‘the built column i is s subject to imperfections 


n, and that some crookedness | and eccentricity must exist, 
ae OF COMPRESSION TESTS TO FAILURE 
LATTICE BARS 


‘The ‘component parts of the column may be be 1 relatively sl slender and 
Whether there is integrity of cross-s ection under load, is 8 
question. In the tests herein described, the amount deflection from 


nates the original axis, for loads u up to a a point somewhat below incipient 


failure, “was: was found to be slight (generally y between 0. 04 and 0 in), 


ae much erent than necessary to account for the stresses observed in the 


ation short columns at failure may expected to be 

different from that of longer columns, although ‘the stresses up to 


neipient failure “may be the same. that the conditions of 


qa 


“sec 
— 4 fi 
im: 
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= poir 
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pers. 


non- ‘that distribution of stress over cross- 
“section is: the s same for the 1 two. lengths of ‘column, and that ‘th 
deflection of the column is slight as not to affect materially the 
stresses developed, the longer column will be in more danger of im- 
exist, mediate and sudden cc collapse after the yield point of the material 
doubt in an any fiber has been reached, and the total load carried before ¢ complete e ; 
" = failure will, in n general, be less. . This i is , because, i in a ductile n material, * 
‘after the stress at one side of the column has passed the yield point, 
t must the total resistance of the section to compression will increase, while 2 . 


‘the resistance to cross-bending may not. Under the conditions named, 
- the bending moment due to eccentricity will be the same until the 


point in some fiber is reached. After yielding” begins, the 


deflection in the longer column rapidly increases its relative 


eccentricity, and more “rapid failure may be e expected than with | 


Indications of Data.—lit will aid in ~~ interpretation of the data be 


to point out a and simple indications. em Reference m may be made to 
diagrams in Figs. 6, 4,8 8 and 18, and ‘Teta 2, 8, and 
1.—Any lack of agreement between the average load stress and the 


average of the stresses given for the four centers of gravity of channel 
flanges may be ascribed to errors of observation. 


—If the stress at the center of gravity. of one channel is above 
ws av werage stress throughout the: length of ‘the: column, end ‘the 


age ‘stress, s, there must be an eceentricity i in the a] 2 of the load 


at the two. ends. If the stresses at the center of gravity 0 of ‘one « channel . 


q “member the diagram as straight line which crosses the e line of 

Mer @ a average stress, and that for the other channel crosses in 1 the opposite 

oad, is 2 “may, the eccentricity of the load application m ‘must be ‘oblique. 

jon frm —If the stress at the center of gravity of a a channel in near- 

incipient points i is greater first in one channel and then in the other, the change — 

0.1 in), may be d e to . erookedness of the column throughout that part of the 4 


i 4—If, in one channel or in one channel flange, the s stress at the | af 


enter of gravity remains ¢ onstant and that of the extreme fiber 


Varies, the change ‘may be due to local of this channel 
‘there will be a lateral bending of this member. Region gireere: 
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TESTS OF ‘COMPRESSION ‘PIECES (Papers. 
the ‘front of a channel has stress than the 
side, must be be bending action n through its and 
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hanging in the diagonally corners a ch chan- 


Does the Built- -up Column Act | asa a ‘Unit? Engineers have often 

expressed doubt « as to whether the parts of a built- “up ¢ column act as a 

, although column formulas assume this unity of action. ‘The 

- ts throw some e light on the question n of the integrity of cross- -section 

nder | load. . The individual channel, of course, acts as a unit to resist 

bending action, though there are indications of twisting. in- 

 tegrity of the whole section with reference to a | plane parallel to ‘the: 

lacing seems probable, except as twisting action « exists. With 

= ence to a plane ‘through the axis perpendicular to » the plane of the 

lacing, this unity of action is not so certain, The tests on the dis 


tribution of compressive ‘stress and likewise ‘the cross- bending tests 


but ‘rather fully restrained by the lacing. ‘The 
stresses in a two channels at t points in in the -eross- section ¢ do not 


eurve, though that the he wrought-iron ron column gives little difference. 
mu ich closer : seemingly closer approach to. vanity 
I fect of Nom: Built- -up Upon Distribution 
. ft Compres sive Stress—The effect of crookedness or o 


f a constituent member of a built-up column may be realized if 


ther irregulati- 


: sis of the case be made. Consider part of of 


— 
— wad 
ad 
* i indicate a twisting or oblique distortion of the columnas [| ’ 
— 
— 
— 
— 
— 
— 
— | 
— 
— £ 
— 
— 
— 
— — 
— 
— 
€ regularity OL variauion Which Would exISt 11 tne Column bent as = 
— = 
— 
the 
| of two adjacent lattice bars. This member is 
Owing to non-straightness or to the non-homogeneity 
a See the load on this short piece ‘is not evenly distributed over th a 


; 
) unity 


sate 


“ibution 


lized if 


e of the 
nections 


ressi0n. 


naterial, 


section; 


s that, is, it is “not centrally loaded, but may | be ‘considered to he 


eccentricity with respect to the gravity” axis. Call this ‘eccentricity. e 


Fig. 19). Neglect any deflection of the piece under consideration 


due to the 1 load. Call the compression Toad coming on 


A area a of cross- s-section; ‘its moment of inertia about ¥ and 


x The excess of the stress in the extreme fiber of the piece over the . “hs 
= Say 
average stress, by the eccentricity is then — hence 
= =... the proportionate exci 


ber. This value applicable, to the ‘or to one 
e channel, or it may be applied. to the column as whole. by 


the properties of the section. In the single channel under con- 
sideration ,¢ is ‘Telatively: large | and r is ‘telatively ‘small, and 


stress for a given eccentricity, may be 
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id 
— 
he 
— 
— 
elastic. — 
| 
ol, 
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‘the ‘extreme pee of a channel of ‘Column No. 1, by this. 


would be 0. 045 ‘and, the wrought-i -iron columns, 0.057 A 
slight variation from ‘straightness in a channel will account for con- 


siderable increase of stress. 


eee also that there i is | great variation in a this: distribution at the vari- 
ous sections along the length of the column. It will be ‘noted that in 
a number of sections the excess of stress was from 40 to 50 0 per cent. 


In one test of Column No. 1, an excess of 67% was found, and in the 
White Heath Bridge an excess of 73 per cent. Possibly these values 
were unusual, or the 0 e observations were erratic, but the i indications 
‘ ar of a fiber stress of from 40 to 50% in excess 0 of the a average e stress were 


- ae ‘may be : seen that ¢ among the causes to which the high fiber stress 


may be aftributed are ‘non-straightness of the column as whole, 


(b) ‘non-straightness of the ‘component channels, or eceentricity in the 


_ delivery of stress to them by the lacing, and (c) unknown eccentricity — 
sedans. of the load. It would be of interest to know how 
of the increase stress may be due to any 
tions. study of tests of No. 1 shows that g 


a small amount may be said to be to non-strai tne 


as In but few cases” ‘is it t found to be 1 


t sev points 


nn ) i 

sufficient, for a inere Tot all of ‘this 
be. between rivet ‘points, as the the “stress. not ‘reach 


“not nee on either side. The ne effect of the third 


‘eccentricity of application o of ‘the load, will, vary with the 


=k Column No. 1 the effect of t of undetermined ‘eceen tricity 


effect t of 
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— 
— 
ex 
— 
at 
— acl 
— 
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— ibutable to 
may be estimated to be between 20 and 25 per cent. The effect 
— individual channels seems to be greater. 
3 of stress attributable to this cause appears 
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In the wrought-i iron columns, which the 
of straightness in ‘individual channels has less “effect, seemingly less 


~e 15%, and much the larger part | of ‘the high fil fiber stresses appears 
of 


t col t ading. 
to be e due 1 to general ‘column eccen tricity or to eccentricity 0 loading. 
The results for the posts of ‘the White Heath Bridge are of interest 


int this respect. It is eons: that the effect of non- strai ghtness of 
4 channels was not very large, and also that effect o of non- -straightnes tness in” 
the column as a whole was 1 relativ ely small I. There is, however, ,an 
evident bending in the direction of the web of the ‘channels, Fo or 
example, in U ,L, South, t the back ‘aie of the channels has the maxi- — 
alll - mum stress at the top and the front side at the bottom. . The bending 
the moment producing this may be due to > obliquity of end end pressures or to 
ues a bending by the connecting floor- beam and top 
i action is also apparent. Post North gz gave quite similar results. 
ere Compressive Strength of Lattice Bars. —In the discussion of 
: a "developed i in column lacing, the stress considered was the average or 
Tess bar. As usually attached, there is ‘considerable flexure in ‘the bar, 
and the ability, of the bar r to carry this eccentric load should be 
| the sidered. The bars are 1 most likely t to fail in compression, since they _ 


act as long columns eccentrically loaded. 
how The tests of in individual lattice bars. (Fig. 17 and Table 12) show 


i ‘that the maximum fiber stress may be several times the average stress. 


only . is also seen that even in a short lacing bar the maximum load 


is only about one- half the yield ‘Point of the materi The 
than, 
ble o mportant. It will be noted that at low stresses: there is similarity of 


~-. Steen of stress in the slender bars and ir in the thicker bars, oo 


the slender bars fail at “smaller computed | fiber stress. + 


results of tests to destruction of individual lattice are 


fly well represented by the formula: 


reach where P = load at failure, in pounds, A = area of cross-section, in 
hi 1 
. _ uate inches, 1 is t ‘the distance, in inches, from | center to center of 
ith the “vet holes, , and is th the radius of gyration, in inches, of the -eross- 
atrielty fection of the lattice bar. These. results may be "considered to. 
fect of ‘applicable to “under” attice bars. For “o ver” it seems ‘probable 


7 « average | stress at f failure en be e considerably less. 
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Bffect Cover-Plates and End Connections.— ‘the tests of the 

7 White Heath Bridge, the effect of the cover- -plate seems s striking, 
upper waning U; of two built- “up channels with | one 


oe of 20% at the worst ‘section, 


two channels laced on both sides, gave a 
m of 73 per cen pie high value in the posts may be due to 


ie it seems reasonable to expect that utr cover- = will 


“Tee connections of the ends of the posts ev Senkioiidhds. — 
ticeable effect on the stress distribution. In one of the posts tested, 


ae 


stress was greatest at one corner of the post at the top and at the 
gonally opposite corner at the botto om. It will be remembered fed 


om. 
4 posts were riveted to the top cho ord, and were connected with the 


wo s by pins. The floor-beam me: were riveted to the sides of 


this connection affects the stress di stribution. Readings 

s taken the floor- and p osts show that the 

loaded b fas partly restrained at the ends by the post and that 

there was: an bending in the 


Stresses in Column | Lacing. —It ‘the: oad one channel 


4 


a a ‘column ¥ were tl the same ‘throughout its ‘length, no sti stress ‘would be 
carried by the lattice Such stress is is developed wl whenever there 


7 ‘is a change i in the rel relative amount of f loads ec carried by the tw two channels. 
if at at the section, AB (Fig. 2), th there is: an equal division of Toad 


% ‘between 4 the ‘two channels, and also at he ‘section, cD, and if at some 
section, EF, the division of load is unequal, is evident that the 
lattice bars must be called into action to transmit this stress, and that 
transverse shear ‘exists in the interval. In general, the conditions 
producing this must be complex, rendering analysis, unsatisfactory, 
except: in so far as the shear may be due to a known eccentricity of 
| 


It is evident from the tests that the in “the two 

members varies considerably from end to end and that ‘the 

_ stress in lattice bars also v varies. Its seems s probable that the t tronsver 


least that these may be to « cover other cause 

of stress in t 


such irregularities all 
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TESTS OF COMPRESSION PIECES 


observed lattice- bar stress (given in in Table 6) of 


of course it cannot be taken to be con conclusive. The measurements were 
generally ma made at working loads. ‘So far Fas observations were made on 


te failure, the distribution of stress remained | much ¢ the 


2 to 6% 


a verse shear one- e-half a: as great, 


there 


annels. 
annels. 4 
of load. 
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prever 


‘0 Be Pi 


ntion of caisson disease as not received 8 as ‘much - 


it cannot wn te: prev ented. 
In forming an idea to the possibility of its prevention, some- 
, - thing may be learned from Nature’s method of carrying out work by 
‘the a aid of living organisms under air pressure. bath ae 
“First let us inquire whether Nature has a sufficient range of ait 
“pressure to make it necessary for Capacity to sustain variations with- 


oma injury. . The highest altitude on n this ea earth is Mount Everest, 99 e 


: . © above he level of the sea, and the deepest mine is Tamarack No. 


Shaft, of the Calumet and Hecla Mines, 4407 ft. below sea aly. 


_ The curve on ‘Fig. 1 shows the absolute air pressures at various 


between these extremes. total difference of 124 lb. per 
sa. in., or from 9% lb. below atmospheric pressure at sea level (viz) 


Mount: ‘Everest has n never been _ascende elevation 0 


; ai 20 000 ft hes ‘been ‘reached, oa men can liv f 
, as in Mexico City, which has an air pressure of 34 » 


_ NotTse.—These papers are issued before the ‘date set for presentation and ais- q 
cussion. — Correspondence is invited from those who cannot be present at the 
meeting, and may be sent by mail to the Secretary. Discussion, either oral of 

written, will be published in a subsequent number of Proceedings, and, when 
= closed, the papers, with dis ion in full, will be ‘published in Transaction. 
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DIAGRAM OF AND PRESSURE 


Plotted to the approximate formula 

tic — _ Higher Barometer reading 


Everest 


McKinley 


____ Tamarack No. 3 Shaft Calumet & Hecla | _ 
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per than a at coast. Such a of pre essu e is quite 
e 


range of pressure is ins to produce caisson disease, ‘travelers 
have complained of di scomfort, not unlike very mild attack, after a 
j from ‘Vera Cruz to Mexico City. 

rapid journey by rail from era ruz to exico 


‘Eagles are known t to go. to ‘great heights beyond the e range of of 


human fish are capable al going to great depths in water, 


5 ar beasts of prey roam. from the mountain side to the valleys far below. _ 

With each descent these creatures have undergone and 


It will be noted that Nature has no time limit for immersion under 


increased pressure, and the application of x pressure is a much speedier 


and easier than that of decompression ; and, while, the com: 


pression is down- hill and attained with little ‘effort, the 
can, only attained by the continuous | effort of climbing, and, 
long ascents, with frequent rests or by stages. This is is a 


- From Nature then, | our best. teacher, 1 we learn that the time taken 


the air- chamber may be short, time in air- 


early compressed-a -air were with cais-— 


son disease, and have Jong been striving for a remedy. Men of a- 
2 tion noted first that lock tenders who made frequent entry: to the air- 
lock for short visits were much more immune from the stadeedey than 


ing tl the time in a he air-chamber would be a safeguard, and, « as s higher 
pressures were used, d, the hours continued to be shortened ‘an it was 


- thought that half an hour at a maximum of ‘ob gauge pressure 
As the nu number of -air increased, so the: workmen 
in experience, and it was noted that workmen of ‘experience 


sh ho suffered from the painful forms of caisson disease relieved the 


ez 


About thirty years ago Paul Bert. the theory that 


disease was caused by the nitrogen of the wee being dissolved in 
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‘CAISSON DISEASE AND ITS ‘PREVENTION Papers, 
(60 to 45 Tb, gauge pressure). Since his time many 
writers and experimenters have followed in his footsteps, but it was 
until Dr. Smith, of New York, suggested that recompression 
: ber would act as a remedy, and E. W. Moir, M. Am. Soe. 0. E,, 3 

London, without knowledge of Dr. Smith’s prior suggestion, actually 


built a medical air-lock, or recompression chamber, in 1890, on the 


‘old Hudson Tunnel, New York, that any reliable | cure for the trouble 
was ‘discovered. ‘Fig shows the medical -air- -lock ‘designed by r 
Moir, of which were used on the ‘East River tunnels of the 

Pe ennsylvania ‘Tunnel and Terminal Railroad. 
; «dit was then found that if a man suffering from caisson disease in a 

any of its many forms, varyi ing | from unconsciousness and paralysis to ; 5 

acute pain‘in 1 the limba, was quickly recompressed and allowed to. 

decompress slowly, i in many cases a cure resulted, but n not always. — i 

‘This went to prove that the disease was a mechanical one, and was 


caused by the dissolved air in the blood and tissues ‘becoming liberated 

the ‘body in the form of expanding bubbles which tore tissues, 

caused pressure on ‘the brain, injured the ‘spinal cord, or frothed up 


blood and stopped the circulation and heart action. 
es: Much has been done since the introduction of the ‘aaibeias air- “lock. 


The percentage of carbon dioxide in ‘the air of the workin gc hat 
been _kept within safe limits, moisture and oil have been ex 
e 
. The erratic manner of the disease puzzles” doctors and engineer 
alike, Men Men who have worked for months in high pressures for 
“regulation shift without suffering have been suddenly attacked and 
= > died; | others, working only half a - shift, have been paralyzed; while 
eo ar. a exceptions have worked for 12 hours at a time and have suffered only 


ine al ht pains which have mick! passed awa 


the East contract for the ‘Pennsylvania Tunnel and 


Terminal Railroad Company, ‘New York, with as m many as ten tunnel 


compres air at disposal of the contr 
; 


actor quite extensive, 


2 
— 
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— 

— 
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the long experience of Alfred N oble, President 


Am. Soe. C.. E., 01 on caisson work i in the U nited States, ar and Mr. E. W. 5 
| Moir’s s experience on the F orth Bridge « caissons, the old Hudson Tunnel, 


and the Blackwall caissons and tunnel, 


& In the light of past experience, the general conduct of the work Fo i 
as framed | ‘on a few established rules which when condensed amount 

the following: : No workman was allowed to enter the air- -chamber 
"without a physical examination by the « qualified medical officer of the 
contractors. Sound physique was was the chief r requirement. The men 
E: were cautioned x not to enter the air ron empty wear warm 


clothing on coming out, and to drink hot coffee. 


a 


‘The time w vorked in the a air- chamber was limited to 8 hours ‘tity 


half an hour off for lunch, up ‘to 3 > 82 Ib. gauge pressure, and two spells 


of 3 hours cach with 3 hours rest between for pressures from 32 nal 


4 hours. between, with no limitation as t to 
Two medical air- -locks were “were installed ‘on each side of the 
warmed dressing r rooms were provided for the w w workmen, and there were 

eovered gangways for access to the shafts. 
4 ‘The air was: cooled before delivery t tunnels, and samples 
were taken in’ the tunnels by y Mr, Noble s engineers and analyzed 


daily. . The air was regulated so that the carbon dioxide did not exceed — — 


10) parts in 10 10 000, and nd the tunnels: were kept in| in a Sanitary condition. 


Owi ing ‘to to the grade: of the tunnels being so ‘so deep on the Manhattan 


side of the river, the air pressure ve very y quickly rose to 3 36 


Practically no cases of bends occurred ml the: pressure reached — 
7 4 9 lb., and then, within a few days of each other, , two men d died. bia 
and men had entered the air- chamber without being passed by ‘the doctor. 
while 4 Then it became necessary to. post outside each air- -chamber a guard 
i only whose duty it was to keep out of the tunnel men who h had no doctor’s” fi : 
s. At this time, reliance could not be placed on the tr tunnel foremen, 
ay 


, Ine, were Likely be absent from work, and new m men had to be 


aft ter the work: started, while the men were 
being seasoned, the tunnel gangs and foremen were in a state o 
change, owing to ihe difficulty of getting men and the 


to caisson | it was ong time before 
tensive, iieient orga niza 
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the tunnels were driven deeper beneath ‘the East 
quickly x ‘rose, reached 36 Tb,, gauge 


4 


32 lb. ‘from one shift 8 hours shifts ell: 3 hours each 
“no relief, and cases of bends, sometimes fatal, continued all the time. 
b. was reached that the more sensitive 
members of the ‘staff found that i it did ut pay to come « out- quickly, 
and at 30 lb. pressure it became a custom to take about 2 min, for 
each pound. After one or two additional fatal cases occurred, it was: 


= 


of the that taking” so to 
gave e them caisson disease, and it was ‘difficult to. compel them to take 


a, long. enough. ‘The guards at the entrance to the tunnels had now to 
record the tine taken to decompress, and, as the workmen frequently 
used the lower muck locks well” as the upper man lock, it was 


impossible to tell when ‘decompression commenced owing to the noise 


exhausting air. Therefore it necessary to Tun a small 3 


eotton was suspended by a light string over pipe. The clerk, 
noting when the ball w was puffed off for each lock, booked ‘the workmen 
as they left the lock. The material locks were fitted with inner 
material valves and, in addition, ‘man. valves of smaller size, and a 
pressure gauge and a clock were fixed in each 2 air- “lock. 7 


. ee As the guar 1e guard had ad already booked the men as they entered, he could 
tell if any “were exceeding the 1 regular working s shift, his record 


i. 


ompression was quite good enough for } 


the purpose. An improve it made when a 


Crosby recording gauge was: installed air- “lock, it 


— 


one inside, an 


small, and ‘considerable trouble in locating. the ‘peoord of 
decompression for individual gangs. No doub ta suitable recording 
instrument could be. devised for this special purpose. 


effect of lengthening the period to 
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fatal o ones, but they still occurred. the tunnels had many y months 


run at high air pressures, the was: What else can be done 


~The writer, coming out of the tunnel with the workmen, 
the rate of decompressing was most One Jock tender 


would allow the air to escape slowly until th the 15 min. 


- exhausted, and ‘then, by opening t the valve, would ‘let off the remaining 


pressure very quickly. ‘Others would reverse the process, s, and e exhaust 
quickly, and then 1 keep the men under § 2 or 3 Ib. until the time expired. 
To avoid ‘this, a simple _decompressing valve was designed (Fig. 

which gave a uniform m decompression from 35 Ib. . to atmosphere in 


min. A somewhat | ‘similar one (Fig. was designed for t the 


medical air-lock, for 1 hour decompression for 35 Ib., with an aut auto- 


These valves “certainly: improved conditions, but wall fatal cases 


‘occurred. After the first valve was under operation, the writer's 


entering the Jock air was admitted at t the ‘rate 

Ib. 1 per mit min 


for 3 35 5 Ib. 


states. “that: “these weld he: “deemed 
ateadae caisson practice.” . No date is given for the Kiel Dry a 


2 


work, but t presumably it was under way, in 1 1904. 
was not thought advisable to increase the time of 
mat time, but preliminary tests cunder air pressure in the | tunnels 


tried for green ‘men, followed by second 


on after decompressing in 15 min. few 1 men were” 
s test, and one case” of permanent resulted 


stay i in n the tunnel for one- -quarter 0 of a shift for the first half, and if 


7 Caisson disease followed ‘they were allowed to work for the second 


iné 34 Ib. gauge pressure. _ Fresh starters were » made ia 


ia 
e 
ve. 
or 
— 
yas 
— 
; 
-in. ‘Stauffer, M. Am. Soc. C. E., wherein a description is given of a 
the § ‘needle decompression valve used on the air-locks at the Kiel Dry 74 ‘= — 
| of 
men 
| 
id This needle-valve was often frozen up, but otherwise 
ou 
of 
for 
h too medical examing 
rd of ehminated by thi 
— 
rding from the test 
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On 8th 1906, a was put in operation 

in one of the tunnels, and the pressure between the two bulkheads was = 
‘reduced to 15 gauge. The number of cases of disease was very 


were placed i in all four tunnels + The result, wa was to have been e expected 
from the experience i in other tunnels where two. bulkheads ‘were used; 
to assist in driving off the bubbles of air from the blood 
workmen were allowed to decompress from (385 t o 1 


quickly as they pleased. T They then walked 500° t. along the 


under 15. Ib., taking a at least and then decompressed 
from 15 Ib. to atmosphere i in 10 min., so that in all beet 16 min. 
in decompressing. Wi hen the inner pressure was I 
- than 3 32 Ib. an & hour shift was worked, with 3- hour interval for lune lunch, 
between bulkheads in low air pressure. 
- ust when it looked ‘as if the bulkheads with stage decom 
pression had eliminated fatal and severe cases of caisson disease, 


deaths oceurred i in physically 1 perfect subjects. 4 Sa 


In “order to discover, if possible, ‘the ‘connection between 


disease and other things, charts were plotted by the medical staff 
ome ‘mont, rise an 1d al air 


condition | of woather, of wind, and of cases of bends 
results were not encouraging, but. it was noted that ‘the 
number of green men, the height of ‘in the tunnel ‘the: 
number of cases of bends varied together. 


The percentage of cases in air pressure of 313 Ib. for 8- ‘hour shifts 


4 


ana in 1 fact, it was, if anything, ess for the longer shift, The decrease in 
vee length of shift added one extra gang of men, and p probably : many ny of 


November, 1906, ‘Moir became % part with 
Dr. “Haldane’s work of inv est tigation for British Admiralty 
“Deep Diving,’ and ordered the’ decompressing valves changed 


ras no more than, the percentage i in 823 Tb. for two 3 ‘hour shifts— 


“eee the decompression w was accelerated at the commencement a the 


operation, slowed off toward | the end. In October, 1906, 
Kes 


writer, endeavoring to find out th effect of sudden decompr: ssion, 


small for that tunnel, and as soon as possible additional bulkhe: ads 


. the exercise of the long walk between bulkheads, at low pressure, seemed a 
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- fitted a an ordi med glass siphon bottle with a . valve and | pressure gauge. 


bottle partly filled with water, a and put under 36 lb. air 
“pressure bon. 12 hours. Ons suddenly ‘releasing the pressure, ‘no effer- 


So oo whatever took place, a and only a very few minute bubbles were cy 

Pe isible. The same thing was tried with the bottle partly filled with Be na 

bullock’ ’s blood, with like results. Arguing ‘that, the placid ‘surface 
a of blood i ina a stationary vessel offered no such opportunity for dissolving 


as. as | occurs in the Tung s surface with the blood circulating, the siphon 


again charged. with 36 Ib. pressure, but was rotated for 24 hours 

this pressure. ‘The same result as before was observed on 
do 4 suddenly ‘releasing the pressure; but, on closing the valve, the pressure = | 
a 4 recorded on the gauge was about ‘1 Wb. per sq. in..in less than 1 1 hour, 
s and i in 6 days a pressure of 13 db. was recorded, showing that the air 
4 “dissolved in in ‘the blood off very slowly. 

If the cork of a bottle of aerated water is drawn quickly, ‘it effer- 
> 4 ‘vesces ‘80 violently that the water froths | out of the neck of the bottle; on 
7m q but, if the g gas is allowed to. escape slowly, or only a mild bubbling results. fr 
‘This in general is the theory on on _ which slow decompression has jon 


ses advocated in the past. The violence of the escape of carbon ‘dioxide 


ff gas from aerated water, as ‘compared with the escape of air from water 


qelensed: “from pressure, is is due “the greater solubility of “carbon 
gs, ee was difficult to know what else could be done at this time ie 
ids. the way of ‘Giminsting cs caisson disease on the East River tunnels, a a 
the ‘the cases of disease were. certainly less frequent and less s severe, 16: 
the “although at long intervals fatal cases still oceurred. The workmen, 


by this 1 time >» had become seasoned, and more seasoned men now 


ey Dr. Léonard Hill read a paper on m deep : sea diving ig and caisson work, 
on September 26th, 1907, and exhibited the web of a living frog z under 


y of pressure of 20 atmospheres. suddenly | decompressing, bubbles 


were ‘visible in the blood v quickly as. they 


yo and ‘circulation was stated that he 
od “sand Mr, Greenwood ha¢ had been t under an air of 92 and 
, the J. Haldane, on November 29th, 1907 , read a enlighten 


Bg paper before the Society of . Arts, ‘in London, in 
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DISEASE AND ITS PREVENTION 

the results: of his investig British Admiralty on 


He set forth 1 very ry clearly the question of the : solution of ga gases ss 


blood, fat, tissues of the and attempted tc to determine the 


proved ively that quantity of carbon 


constant. percentage inversely proportional to the pressure in the 


it approaches carbon. dioxide i int the a air 


- For instance, if ‘the air- -chamber is under an air pressure of 30 Ab, | 
ae the percentage of carbon dioxide i in the air 

i, cells i is 5.6 divided by 3, pe 1.86%; and , if the percentage of carbon | 
4 dioxide int the | air- -chamber does not exceed 1%, no ill effects will ar arise. ‘ 

_ ie is ten times as much as is generally : specified, namely, 10 parts in 
. 000, , and greatly reduces the amount of compressed air necessary 


per man per hour, w which ean be calculated approximately from the 


80 cu. ft. permitted above normal air 
: Percentage of rise of CO, 
Thus, if 0.04% is the co, in the atmosphere, and the percentage 


a the tun nel i is allowed to go up: to 0. 10%, the air required per man per 


Haldane has “completely remove red alll diffealty of respiration 


pee discomfort of divers at great depths through the | application o: of this 


theory percentage of CO, supply ing the diver with 


"The question of ventilating compres ssed-air seldom arises, 


as the volume generally far exceeds the amount required 1 for 


f air 
purity, on account of the tremendou us le akage at the face, so t that this: 


1s not n estiga- 
ly as is indicated by Dr. Haldane’s inv tiga 


f air | 
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CAISSON DISEASE AND ITS PREVENTION 


fter demonstrating that the. CO, is dealt wi with automatically, he’ 
shows th that nearly all the oxygen dissolved by the blood is taken up 


1emically by the hemoglobin, but the nitrogen remaining: is incapable 
with the and is d dissolved by ‘the blood and 


ti 


If saturation takes place quickly it 
‘workman stays under air pressure; but, if slowly, then shortening 
= 
working shift will be a safeguard. 


The rate of sa ‘saturation is the same as the rate 2 of desaturation =: 


and decompression are instantaneous; so that, by altering 
the time for decompression, it is to determine by experiment 
the rate of saturation and desaturation. 
Dr. Haldane experimented with men end goats. at high air pressures, 


pl varying lengths of stay under air pressure, » and with with ‘different 
"speeds of decompression. these he concluded that certain parts 


the body, where the rapid and the number of | ood 


a ae Fig. © shows the rate of saturation, on the basis of half saturation 


‘a in various times from 5 to 75 1 min., and faccaadie of desaturation, if the 


is er varying times of i immersion from” 


e seen ‘that saturation es place in the parts 


Aas of the hasan in about 4 hours, and complete saturation for the quickest 


n about so min. immersion 


4 


for r rapid decompression at a working pi pressure 2 19 Ib. gauge 
or ‘atmospheres, absolute. Therefore, he concludes that 
is always safe to decompress 1 rapidly to half the al absolute pressure, 
a “even ‘to “the absolute pressure aivided by, 2.8, without bubbles ‘being 
- liberated. Further, if the decompression for the remaining pressure 

a is continued : at such a rate as will keep ‘pace with the ‘rate of desatura- 
tion, then, the absolute pressure of : stead in the ‘blood never exceed- 


,0unds 


lt: 
— 
— 
4 
— 
— 
— 
— = 
— mile other parts, with slight circulation tor 
Bw 
+ 
— 
= 
— 
4 
— 
— 


CAISSON DISE 


DECOMPRESSING FROM 40 LB.G 
ATMOSPHERE AFTER 3 HOURS IMMERSION, 
DR.HALDANE’S TABLE FOR DECOMPRESSION | 


_99 


OF 

DECOMPRESSING FROM 40 LB.GAUGE PRESSURE 
TO ATMOSPHERE AFTER 3 HOURS IMMERSION. 

HALDANE’S PURGATORIAL CHAMBER METHOD | 


Purgatorial Chamber 


= 


TO ATMOSPHERE AFTER 3 HOURS IMMERSION, 
METHOD USED IN EAST RIVER TUNNELS OF THE 
PENNSYLVANIA TUNNEL AND TERMINAL RAILROAD 


am all | 
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ing 2. 3 times the a absolute te pressure in the « sducbiaihs dures decompression 

or after returning tot the @ atmosphere, no symptoms will occur. | 


t Dr 


ATER THE First Stage. 

w Working pres pressure, in 

inch. After second or third 
After first 3 hours’ 8 hours’ exposure after 6 hours or 
showing an interval | More of continuous 


21-24 


is 40 lb. ., gauge, decompress vepidly 40 ‘Tb. to 
= 973 bb. absolute, or 123 lb., gauge, in 3 min., ena then 
1 min. for each remaining pound, viz., 124 or 87% min. 


fear 3 min. =_ 903 | min., or 13 hours in all for a 3-hour immersion ; or, 


for a 6-hour immersion, 115 min. in all. 
‘The upper diagram on Fig. 6 shows this graphically. . 
ae It will be ‘seen that, i if this rule is followed, the condition of the . 


absolute pressure, being half the pressure in the blood, is. obtained. 
Tf uniform decompression for ‘the s same time were adopted, the decom- 
pression would b be for the earlier part, would very ery much 


, and vy — give a greater tension in he blood 
‘than ‘Tb, on coming out of air 


tak 


“to 19 b. a curve desaturation and 

“the time of decompressing, as will be seen by the second diagram 


as 
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From this, it appears that the tension in the blood does not € 
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Sel tes 


"chamber after 3 hours’ immersion. 
will, be noticed that Dr. ‘Haldane his. decom- 
a ‘Pression on the fact that no ¢ no cases of ¢ caisson disease are chronicled ‘for 
aa ‘men working i in gauge pressures up to 19 Ib, or 34, Ib., absolute, and 


if ‘it is is safe decompress su suddenly from 34 Ib, absolute, to 15 lb., 


, absolute, 
pressure, 


19° Tb. until a ‘period of 123° min. has been in the ‘Purgatorial al 


or from 35 lb., gauge pressure, to 7 Ib., gauge pressure 
The ‘question arises at once: times by Dr. 


baat caissons of small dimensions ar are sunk under air pressures of 


= 


35 Ib. and to cramp men in a small air-lock for 73 min. is out of the 
question, the fitting of large | compartments small vertical air- 
= used in iwihding foundations i in New York City, would be 


difficult. = In tunnel work it would be but the present method 


of rapid "decompression is so radically different from Dr. 


suggestion ‘that it quite | appals ¢ one to think of taking long. 


~The horizontal lines on Fig. 5 show the equiv 


a 19 Ib. in the blood for 50, 45, 40, 35, 30, and 2 aid Ib. 9 gauge eos 


will be noticed that the slowly ‘satu 1rated parts the body ‘are 


partly saturated | in the first few hours of immersion, , and there- 


- From Fig. 5, Tables 2 and 3 have been compiled; they s how the 
risks taken i in rapid decompression after long immersion. 
oe Sis If the decompression is slow, these curves will be flattened out, and 
a. 3 «lange time will elapse before the saturation of the blood falls to the 


“cquvatent of 191 Ib. or 27 Ib 27 as the case may be. 
‘Fig. shows the curves res of decompression 


after immersion, for 32, 
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nin, . This reduces 


on reaching atmospheric pressure. 
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im mersion. 


Minutes. | Mi Minutes. 


times in Table being instant ‘must be suitably extended for 


‘TABLE, 3. Minutes) OR PRESSURE IN Buoop | 


to THE EQuvatent | OF (27 Pounps GAUGE ‘Pressure wir 


DECOMPRESSION Al AFTER ‘Vanous OF 3 


@ 


alo om times in Table 8, being for instant decompression, must be suitably extended for 

how 4 ‘Table, 4 is taken from Fig. _and in part is confirmed by 


compara 


gauge ' _ experience in the East River tunnels a as comparatively safe. | Caisson 


but no fatal or | severe ¢ se should be experienced 
‘with physically sound men if these times are adhered to. 


— 
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— pressure Total tne ts in air- | Total time in air- Total time in air- 
minutes lock hours’| lock after 3 hours’) lock hours” 


TO 
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Ds Some time after reading Dr. Haldane’s paper and studying his 
‘it became necessary to raise the ‘pressure in the tunnels to 


a 40 lb. gauge. Tt ‘was possible. te o make th the workmen pass through three 


sof air- locks on 1 leaving the tunnel inner ‘chamber was at 40 


The men were ordered to. take 5 min. in the first Tock, 


the second lock, and 15 m min. in the third. - ‘There was a a 
approximately 1000 ft. between each pair of locks. "Walking thie 


distance and gathering in the stragglers required 10 min. 


each chamber, so that, in all, 48 min. were taken to from 
40 Ib. to atmosphere. No severe or fatal cases r 


lost t by the men through caisson disease, cases” being only slight. 


Under ‘this: pressure 330 “men were | employe ed for 86 ‘days, ‘working 
* 3 hours o on, mn, 8 hours off and 3 hours on. It i is true ‘that 1 no green men 


_ Were used om this work, | as - were plenty of ‘experienced air men 


third diagram on Fig. 6 the curve and rate 


decompression, leaving the saturation of the blood equivalent to 

27 lb. on reaching atmospheric pressure. This result. bears out in part 


periods of decompression of Table 4, and, if a more rapid passage 


ad been ‘made through the first and. ‘second locks, probably a a better 4 
result, would have been attained, the: equivalent pressure of the 


would have reached Ib. on coming out, as shown by ‘Fig. 
sons or tunnels with but one lock, it is a difficult 


as long a time as ‘Table 4 indicates, as no one 


air-lock during decompression. ‘method of overcoming 
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“AND ITS PREVENTION 


da larger center chamber, four doors in all being necessary. At 


making “a short visit to the caisson could pass through without _ 
the pressure j in the middle decompressing chamber. I Fig. 


of ‘such a Jock with ¢ connections, 


AIR-LOCK WITH MIDDLE DECOMPRESSING. CHAMBER 


tunnels rebelled against 15 1 
"decompression, but, after putting the responsibility up t to the 
in time they y found that it was a a safeguard and voluntarily Jengthened 


ne time to min, and gladly submitted to 48 m min 1. for Ib. 


die: of the air w 


- eer ex ilies gained, it would in all probability have ben J 
higher if the decompression had not been lengthened. 


fact t that the only recognized cure for caisson is 
pression in air-lock followed by slow decompression, is - 
- Powerful argument in favor of slow decompression, and where ‘it is aa 


much 


at all possible, in f future works, regulated speak will in Ya 


mobsbility be 2 adopted. 
Ine caissons with smal] air- ‘the air r 


lock is ‘full of men is very slight, and very 


takes place. |The workmen have a good opportunity to become sea seasoned 


ie a caisson, as the p pressure begins at 1 or 2 Ib. and gradually i increases 
by” day as the caisson sinks, and the are 


but a few days. 


— 
} chamber hke a boiler which the men could enter, and thus take as long 
ht. — 
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gh On the > East River er ‘Sana two caissons were sunk to a final pressure 
- 883 lb. and very few cases of caisson disease occurred, none of which 
was fatal although the deenenartntions: was rapid. On n the o ther hand, 


on account of the tunnels on the Manhattan side, starting out ata 
pressure, the men had no chance to get seasoned, and many 

. cases ‘occurred, though tl the time of decompression was s regulated, but n not 


to such an extent as T able 4 4 indicates, = os 


Thus far, practically, no ‘grandfatherly legislation hampers engi- 
neers in the United States in 1 compressed: -air work, but such legislation 
is threatened, and engineers ‘ should be prepared to > guide it, The 
_ engineer ~ is confronted with conflicting testimony on all sides, and, 
though his e experience shows that some men are capable o of rapid decom- 
pression without injury, he also knows that many men are injured. 


. a few men can for a time rashly - take the risk, shall he elimi- 
nate men from -air by putting them to such a test 


is ‘etter than cure, but absolute safety is 


of 
time are matters ‘that ‘should receive the 


attention of “engineers. The effect of legislation formulated by men 


cali it is s contrary ‘to , the ‘custom of this Society to draw up 
ules and regulations, yet it it might render valuable aid if , committee 
sos of engineers, contractors, and doctors could be convened to study this 
subject and collect data, and ultimately. draw up a table which would 
bea guide to the Profession. Such | a table would be no doubt a com- 


Promise between the | time worked in the air “Pressure | and the - 


taken to would be a a statement of a a body of in 


indebted ‘ta: Noble, President, Am. Soe. 
E, Chief Engineer of of the East River Division of 


‘Tunnel and Terminal Railroad; to E. wW. 
Jice-President of S. Pearson and Son, Inc., for p permissi 
such as is taken from the of the East River ‘tunnels 
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his 80 ciety is no is not responsible, as a body, for the facts and opinions enemies 


THE STREET VIADUCT, KAN SAS C CITY. 
tes aie. By Mrssrs. Victor H. edits 
+4 Bontecou Soc. (by letter) —This paper “Mr. Bo Bontecov. 
presents many points of interest, and is well worth careful reading, 
2 the : _ Since the author gives some details of the preliminary investiga- 


. Ried 
men tion of probable profits, it would be of interest to know more of the 
work, assumptions made as as to the proportion \ of f the t total team traffic which —_ 

| Foamy be depended | on on to use the viaduct, and of the extent to which 


they were realized. “The estimates of cost and the operating expense 


a, given would mean that the ¢ gross earnings: of the completed structure 4 re 
y hyn would need to be about $900 per day. _ The revenue from street- -railway 
would _ traffic could be determined fairly well, but could hardly be estimated = 
| cont at more - than, say, $125 per day, leaving a very large proportion of : 
time | the earnings to be derived. from team traflic. view of the risk in 
aon - estimating the use which would be made of a utility of this kind, where = 
it is optional to pay a toll or to” take another and slightly less con-— 


venient route, it is a fair question whether so expensive 

would should have been built otherwise than by the communities served; 
whether a cheaper structure should not have been built to serve the 
‘street- "car traffic only, i in which 1 case no ‘operating expense except main- s 

Since all the cars, and probably most of the other vehicles, must ene 4 
meet grades steeper than 14%, it would seem that the viaduct 1 roadway ss 
might have been placed with advantage n hearer the 2 surface, and still 


: _ *This discussion (of the paper by E. E. How ard, Assoc. M. Am. Soc. C. E., printed in os ae 
oceedings for before a 1909). is printed in Mrnvacen aly in order thas the views expressed RS a 
‘may be brought before 1 members for furt her discuss! 
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“DISCUSSION: STREET V TADUCT, KANSAS [ sapere. 


a Mr. Bontecou,— es The shore line of the Missouri River at’ the site of the trestle on 
a the accretion was about 600° ft. south of the structure only some 
= twelve ; years before the latter v was built, and has been regulated by 

a protection work a few miles above, and also near the mouth of the Kaw. 
The design of the trestle foundations, | therefore, involved a careful 
: 7 consideration of the permanence of the river regulation. The. experi- 


ence of the 1903 flood seems to the writer to justify the choice | of 


building the foundations for some large engines in ‘similar, 
— near ‘the viaduct, tests on a surface of 2 sq. ft. at a depth of. 
about 15 ft. showed a . supporting power of 1340 lb. per sq. and a 
settlement of 0.3 ft. under a load of 2800 lb. per sq. ft. It was neces- 
‘sary to use oak piles only, 22 to 24 ft. long, and 300 were driven in an_ 
“area” of 2100 sq. ft.—the intention being to depend on the combined 
__ ‘Tesistance of the piles and the compressed sand, silt, and clay. After 
allowing for the frictional resistance of the supported concrete, the 
— load amounted to 36 000 Ib. per pile, or 4 480 lb. per sq. ft. ¢ of founda- 
tion, the value of the piles, by the W ellington formula, being 30 000 Ib. 
This foundation was: deeply in without the « 
eases where piles are dependent on in plastic 
- clay, there is probably an element of safety in driving them with a 
; heavy hammer and low fall,,rather than jetting them to place, and in 
arranging them a as far as practicable so as to confine and compact the 
soil. The concrete. piles used in the viaduct had a surface area of 130 
Sq. ft., and, as placed and tested, showed a resisting power of 38 000 lb., t 
or ilies less than might be e: expected from piles. driven in a cluster in 
- , such material, and probably less than would be desirable if the roadway 
actually loaded to 100 Ib. per s 
oe To determine the effect of clay and dirt on the strength of concrete 
cn a good many tests have been made, with varying results; and, although | 


_ the writer has often permitted an admixture of 5% of earthy material, 


mesh bottoms until the water ran clear. Iti is difficult to 


eet writer must confess to a great deal of misdirected energy in the pe 


Kaw River spans, as described, are an interesting example of 
_tiveted view of the ratio of dead to live load, it 


seem to apply to this case with special aptness. 
and cost of the adopted design 


tie 


% 
Wa 
tor 
— 
é 
— 
‘caps 
> 
stru 
— 
ing 
auth 
(We 
“desi; 
rr 
of tl 
theo 
crete, as shown by the author's tests, and if stronger concrete can cons 
of well-mixed and graded materials with clay, than without it stru 
— first 
— 
| 
enter 
— 


ome 
1 by 
Taw. 
reful 
peri- 
pile 
l for 
nilar 
th of 
ind a 
1eces- 
in an 
bined 
After 
>, the 
00 Ib. 
A 
olastie 
with a 
and in 
et the 
of 130 
)00 
ster in 
yadway 
oncrete 
though 
aterial, 
open: 
erstand 
of con- 
ean be 
hout it, 


he past. first shop drawings finished and checked were found to have so many 


mple of 
load, it 
missible 


- based o on vain pin-connected trusses 4 for each span with cross-beams Mr. mie 
carried entirely above the top » chord would be an ie eo 


Soutnee-mpnting the Kaw River, and the requirement by the 
War Department that bridge piers be carried to bed- rock has been 
cheerfully accepted, regardless of the fact that, while fifteen local 
- bridges were destroyed by that flood, there was no case in which a 
constructed pile foundation failed. It is not apparent, therefore, 
why it should have been thought necessary excavate the bed- rock 
to receive any part of the p pier construction. 


portion o of the viaduct, and was familiar with the locality where the 


A ingly, he was given authority to approve all shop drawings. . As the 
author remarks, much time was saved by this arrangement, the draw- 


: SIXTH STREET VIADUCT, KANSAS crry 


Ever since the flood of 1903 there has’ naturally been a a ‘feeling ng of -_ 


Vieror H. Cocurane, Assoc. Am. Soc. (by letter) .— —The mr. 
writer left the office of the Consulting Engineers to take charge aan —/ 

the shop inspection. In some respects the work was unique, and a brief = “so 
account of it, in addition to what the author has giv en in his unusually >: 
complete paper, may | be of interest. 


= ‘There were three on the work, by the 


capacity of Chief ‘Diaftsman, had assisted in main 


_ structure was to be built; consequently, he was w vel acquainted with the Ba 
‘theoretical and practical considerations | affecting the design. 


ings being put in the shops, when desired, almost immediately after — 
being tu turned over to the writer for approv al. The chief saving in time, 
however, resulted from the advice and assistance the writer was able — : 
to give to the force engaged i in preparing the shop drawings. _ was he. a 
necessary in several instances to make considerable modifications in the eed 

design, and these changes: were made without having to await the 
approv al of the Consulting Engineers. The writer’s experience in n this” 
case convinces him that the inspector in charge of a piece of work ; 
of this magnitude should be one: familiar with the design, in both its 
i ‘squad of draftsmen assigned for the ‘shop | detailing seemed to 


> 


and » although the engineers’ ‘plans were quite complete, the 


‘errors that they had to ‘be: practically re-checked before being approved. — 
After the men became more experienced i in a the work, it was not neces- e 


more than 600 sheets. From time to time, “afters a number of drawing: + 
had been approved, the weight of each member ee and = 
‘entered ina valet notebook. 
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ers 


am ‘The paint us used on the work was guaranteed by the iil 
a period of ten years, provided they Were allowed to employ in- 
spectors to watch the work in all stages. Their representative in the 
3 shops succeeded in getting excellent work, although there was much > 
friction at first. The paint used in assembling was so heavy and stiff 
that there was considerable difficulty in applying it. The painting 
a was ; done under contract by Greek laborers, and, at first, it was diffe 
: ae cult to get ‘them to clean the metal as thoroughly as desired, since the 
standard adopted was much in advance of anything to which they 
had been accustomed the of work required, however, wae 


; ‘sentative of the engineers. 

Each member after being finished—but before being 

inspected for 1 ri ets othe defec Ss, and call 

leading dimensions and open- -hole spacings were carefully verified. In 
some kinds of members many pieces were nearly alike. In such cases” 
a. were prepared and used instead of the unwieldy drawings. The 


of were > noted on or on the prints in “case 


_ consequently there was no way to insure t the e matching of r rivet holes 


3 In cases of | errors 3 the inspectors endeavored to remedy the defect in 


the of the piece. When the employees 
hae” that the inspectors could be depended on to assist them in correcting 
ee. mistakes, little or no attempt was made to conceal them, and they weak 
<4 usually brought t to the e attention of the inspector as soon as discovered. 5 
ae Each day the inspector entered in a scratch- book, without regard 
ae order, the marks and number of pieces of all material inspected 


ao during ‘the day. As soon as the invoices of shipments were received, 

the material listed the Invoices checked o off the scratch- “book; 

>. at the same time the scale weights were compared with the -ealculated 

_ weights. — By this means many mistakes w were discovered i in the invoices; 
some were due to misreading the marks p painted on the e pieces; 33 ix 

cases, the scales were incorrectly read; ; and, in ‘some instances, ‘the 

number of members shipped was in error. ‘The ‘scratch- book was not 

a intended as a permanent record, but each Saturday afternoon a list 

was made of unfinished work then in the shops, a column headed 


“In cted” being out from book. Unfinished pices 
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remaining in shops from. week to week were not re- -entered in this Mr. Cochrane, 

book unless a advanced i in construction, i in which case they - were checked ss Te 

; off in a column headed “Remarks.” Thus the book showed ved at f 

was made from the corrected invoices once = 


“errors in ‘the invoices, mentioned, the pre s ‘records of 
ments, after a time, became very y unreliable, and was n ‘necessary to. 
depend on the inspector’ s records altogether. 
preparing the -record- books mentioned, 


recting 
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Diser ission.* 


VILBUR 2 J. W aTson, M. 


Aw 


J. Watson, M. Am. Soc. C. E. letter) in 
i Minority Report of this Committee, the Majority Report, or much 
it, is based on arbitrary rules for designing and | executing works 
a Such a set of rules should be based on sound theory, which repre: 
oe “sents the b best current practice, and should be thorough and complete. 
oe It appears to the writer that these three 1 requirements have been. vio- 
; - lated in a few important particulars. In criticizing such a report a8 
this, it should be borne in mind, however, that we are . dealing with a 
“4 ‘material, or rather a combination of materials, the use of which in 


engineering construction is comparatively new, , and the experimental 


data on which, while complete enough in some ways, are very meager! | 


in others. Consequently, | confusion exists among designers with 


and practice, the the 


this ‘is generally” by the “majority of 
engineers i in the | United States as representing the last word on ay 
disputed 1 point in in engineering pr: practice; ‘and such reports should not 
which cannot be backed up with ‘conclusive 


909), is printed 
all for 


a = to i rules which they use e for. designing and executing in this J 
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experimental data or rigid mathematical analysis, and, in the writer's Mr. 
opinion, should contain no rules which must. be considered as as only 
‘Tn regard to the co corrosion of metal reinforcement embedded in 
‘i concrete, the writer is somewhat disappointed to find no reference to 
the danger of. corrosion of such steel when used as tensile reinforce- . 
ment in beams with such high working nea that serious tension 
The report states that concrete is sensitive to temperature changes, a 
does not state to just what | extent. This information is needed, 
and would certainly be highly appreciated. is the writer’s notion, 
_ based upon observation of numerous concrete ar arch structures, that con- 
— erete is not sensitive to temperature, as compared with metallic struc- 
— tures. In fact, this statement of the report is partially contradicted 
in the next where, under the caption ‘ “Fire- Proofing, ’ the state- 
"ment is made t that “the low rate of heat conductivity of concrete i is one [ aa 
reason of its value fire- proofing.” oth? db oy 
_ The article on shear and | diagonal tension appears to the writer to 
be open to serious criticism. . The : action of shear members in provid- “eh 
- ing against diagonal tension due to shear stresses is now pretty well 7 
unde rstood. Itisan n established principle that, when the tensile stresses 
ina reinforced concrete beam exceed the allowed tensile stresses in 
the concrete, the metal reinforcement must be depended on to 
care of all the tensile stresses without any reliance: on the 
Precisely y the same reasoning: applies” to diagonal tensile stresses, 
aid, to be consistent, whenever the diagonal tensile stresses exceed — ca 
the allowable tension in the concrete, metallic” web members should 
have sufficient section to take care of the entire diagonal tension. It . 
seems to the writer that it is unnecessary to give such | indefinite 
methods as the Committee recommends for providing against shearing . ay oe 
stresses. Such stresses are readily computed, and ‘the necessary web oe. 


“members to for their resistance can be 


2 


ne” | 


“straight. line 


“parabolie” methods, are in use. te 
The bonding stress of 80. per sq. in. allowed in Section 6 i 
certainly much greater than is now used by the majority of conservative — Be ee 
i 
n Appendix B, the 
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, but recognizes the theoretical 
advantage of the web members. 


ore ‘The recognition of the desirability of continuous beam construction 

‘is to be commended, but the formulas are not those in common Use, 

and the writer questions the wisdom of reducing the center moment 

below eight- tenths of that for a simple beam, as now commonly u used ed. 

Paes On the other hand, no provision whatever is made for the i increase 

a in the shearing stresses due to continuity, and this appears to be a 

"serious omission. The writer increases shears for con- 
struction by 25% over that for simple beam construction. 
whole matter of | continuity requires “very careful considera 
a and approximate methods of analysis should not be encouraged 


Piss any more than is necessary. Most beams in reinforced concrete con- 


~ struction are T- beams, and the distribution of moments between the 


sections and d the supports is far ¢ different from that in rectangular homo- 
geneous» beams, the moment ‘at supports being: ‘ordinarily de 


and those in center being increased, by reason” of the 


T-section and the non- on-homogeneity of ‘the ‘material. However, very 

5 few designers provide sufficient reinforcement over the supports. In 

—_ i - many ec cases, the writer has found that, with ordinary ‘T-sections and 

percentages center moment for uniform 
= 


slightly more than two-thirds as much reinforce- 


ment should be provided over the supports as is provided at the cen- 
ters, and care should be taken not to overstress the concrete in com: 
pression on the under side of the beam next to the supports. al 
aryl ae It might also be well to ‘eal attention t to the fact t that practically 
= all columns in reinforced concrete construction are subject to more 
or less severe bending stresses, owing to the fact that, while the dead 
— load is often symmetrical about the column, the live load seldom is, 
and the inequality in the distribution, in monolithic construction, of 
the live load always produces bending» ‘moments in the columns. It 
would seem to the writer, therefore, that it is never ‘safe inl omit the 
longitudinal in columns of this . class, 
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STEEL SHEE TING AND SHEET. 
Discussion. 


S00. ©. 
use, in connection with dams or embankments, as a core to 
seepage, and refers to two or three cases. - While it is ‘unquestionably _ ast 
that, in original construction, such ch a method | of making a tight 
- core is both feasible and cheap i in many eases, the writer has never been eee 
= to satisfy himself of the durability ¢ of st such a core. | Most embank- — ies 


ments which serve to retain water are more or less s saturated? andthe 
sheet- “piling, therefore, would be constantly in contact, through- 
out at least a part of its length, with moist earth, and rapid corrosion oe 
the steel would seem inevitable under these circumstances. 
rrosion would doubtless depend on the precise chemical 
: ~ composition of the steel and the | character of the soil with which bit was ue 
in contact. hardly seems likely that, in ordinary cases, such a core 


~ would last longer than six or tom yours, even th 


C. C. M. Am. S .C. E. (by letter).—The v writer wishes Mr. Conkling, 
to thank Mr. Gifford for eating out some of the practical points in rane) eae 
design” and use of steel sheet-p piling. Having taken considerable 
interest in the subject, during the past 1 two years, , and having dis- ge 
eussed it in general with many engineers and contractors throughout 


k ~ the country, he finds that, while they nearly all recognize the merits 


| *This discussion (of the paper by L. R. Gifford, Assoc. M. Am. Soc. C. E., printed i J 
. Proceedings for February, 1909), is printed in Proceedings i in order that the views 8 expressed ee 
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Conkling. of steel its ‘the old metho ds of 
using wood, still there i is a great deal of misunderstanding regarding 
the measles of a steel sheet- pile, , and of. the work which it has to 
perform during and after ‘its 


- Observations, covering - the 1 plans and installations of this form of © 


piling, under many "varying conditions, lead the writer to agree with ; 


nm 


‘Mr. Gifford that the primary quality ‘necessary in the steel sheet- -pile 
is its ability to resist (as a beam) earth or water pressure, either as 
a beam supported - at the ends, as a continuous beam > supported at 

aaa points, or as a cantilever beam where no bracing | is used. Tn 
the first two cases it should do this with the least ast possible amount of © 
bracing. In ‘the case where the pile acts as. a a cantilever 


~ 


al 


no, 
— — 
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resists these pressures without the assistance of cross- ‘bracing, 0 o age 
3 mainly by its resistance against be iding at or near its p point of pene-— 
the 


tration, and the aid which it by being interlocked with tlte 


hi li I he ili used witl br pre 
% T us app les where the piling is used without bracing, in the con- : * 
‘struction of low single walls or circular or pockets of 
shallow depth. After excavation, such pockets are wholly or p partly > 
filled dlé d f ‘stif 

ed with concrete, clay puddle, stone, gravel, ete., in ord er to form % 

units in foundations, large coffer-dams, dock walls, and other temporary * : 
Where the pili 2d as a core-wall or -wall - 
piling is used as a core-wall or ‘curtain-v wa in con- 
= with earth embankments, such as levees, dams, ete., it as assists: 
against sliding, and, in the case of dock walls, against sliding and 
= : _ overturning; | such conditions also ) produce a cantilever action. In the with 
a ease of walls of various kinds, the pile may also assist in giving vertical ing 
a support, as a bearing pile, by friction against the earth throughout - %, 
= a the length | of its penetration. In any of these latter cases the ultimate | Pos 
strength of the steel wall against horizontal or oblique pressure is. 
eng 


largely on the strength of the interlocked of the steel 


ught upon an unbraced “steel -sheet- pile wall, | 


| 
Lend 


its portion above the ‘point « of penetration, tends = 
a2 to bow the wall and produce tensional and transverse ‘stresses on the foe 
: interlocked joints, ‘making the strength of these joints | one of the ‘most = 

theoretical steel sheet- pile would seem to one in which the nde 
strength of the interlocked joint, under tensional or transverse stress, a oe 


would be equal: to the strength of the of the pile under similar 
stress; taking into consideration, at the same time, the lightest possible 


weight, which will ; give enough metal in the pile to ‘produce sufficient 
_ stiffness to allow it to be drive to final position, , and afterward to 
perform its duty as a beam. 
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‘ing g the ultimate strength of the steel in tension to be 60 000 reget 
sq. in. piece of piling 1 in. long, : a web of thickness would 
have a sectional area of 4 sq. in., , and an ultimate strength in tension © 
of 30000 Ib. The joint of two pieces, when interlocked, should 
then show an _ ultimate tensional strength, in direct pull, of 30000 Ib. 


? per lin. in. of joint, thereby equaling the strength of the web. ae 


which the penetration is slower, the columnar length of the pile above: 
the ground has been shortened , so that to > spring 


i In physical tests of a great many forms of piling, by pulling te to 
i: F- destruction in an Olsen testing machine, the writer has noted. joints | 
~~ : showing 324% of the web strength, or 9 700 lb. per lin. in. of joint, as 
against 4 sq. in. . of web, this being noted as the nearest approach 
conditions mentioned. He has also noted interlocking joints 
the the same test showed only 44% of the strength, which results 
a & indicate the great difference in the design and strength of some of the 
present forms of interlocking joints. These results might indicate 
. 4 that possibly, in some cases, the steength of the interlocking | joint has 
tly been overlooked, or made secondary to supposed economy of metal, 
At first thought it would seem that the thickness of the metal in 
web, over and above the amount required to equalize the strength 
the interlocked joint, should be eliminated, thereby getting less 
weight and consequent lower cost. If this were ‘done, in some ia a 
it would weaken the strength of the pile as a beam, and also conflict 
with the author’s second requirement, viz., stiffness to enable the pil-_ 
tical ing to be driven without buckling. 
Most demands for steel sheet- piling, at present, include lengths 
aaa running from 30 to 50 ft., though engineers are now taking u up proposi- _ ‘ 
ats is tions calling for still greater lengths, viz., 50 to 65 ft. Such increased 
steel > can now be mi manufactured and driven, thus meeting the require- _ 
ments for strength, if sufficient bracing is used, spaced at proper 
_ aan —" planes s 80 as to give safe spans for the pile as a continuous oe 
beam supported o1 on the different sets of waling = 
the Experience in driving shows it is “necessary for a steel = 
pile to have the rigidity required i in a column as commonly used 
in structural work. While it must be stiff enough tc to resist t buckling 4 
under the first blows of the hammer, a slight spring - under the 
within: elastic limits, during the first penetration, i is not detrimental. 
ilar The length of the pile as a column, above the point of penetration, 
assible rapidly decreases with each blow of the hammer, and, by the time the ai a 
point of the pile has reached the hard, underlying formations through 


blow has ceased. 


&§ 
— 
. — 
= 
of 
of 
a 
4 
| 
| 
ara Ww 


Mr. Conkling. entering and of ‘the joint: with that of the ad- 


pile already driven tends at once to give ‘stiffness, practically 


fixing the lower end. Where a slotted, cast- steel driving cap is used, of a 
being held in pe position by grooves against the leaders of the driver, the — join 
Be of the pile is also practically fixed. _ These fixed conditions at the i. 

top and bottom of the piece, assist in ‘preventing a tendency to spring 


i To illustrate this point, { the » writer has seen a 45-ft. pile which had 
_ been bent in unloading and ss on the work so that it had a 


with the one previously driven, and, by careful manipulation of the 
~pile-d driver, was: driven to refusal, the bend in the piece being entirely 
taken out as it went down by thee stiffness of the members of the joint 4 
of the adjacent: pile previously driven, the final result in this case 
being a straight pile with perfect alignment in the wall. The vertical | 
horizontal support which o one pile receives by interlocking with 
another already driven is far greater than is generally supposed. 
ao Steel sheet-piling is often used in formations, the ao 


Of 1 which are composed of clay, muck, peat, quicksand, or other z 


"i material . A single piece of piling weighing from 1600 to 2000 Ib 
by its weight alone, will enter such material, in some cases, many feet. 
a If it were not for the friction in the interlocking joint, the weight of 
Boh the hammer resting on the pile, taken in in connection with the weight — 
of the p pile itself, would be sufficient, i in most cases of this kind, to 
te heavy work where the lengths of the pieces run above 50 fe 


. os producing high tonnage and demanding economy of metal, it will af 


seem economical, therefore, to require no more ‘metal in the pile tha 


4 
7 necessary to give i it the required strength as a vertical — a 


i- is down, and just sufficient stiffness to get it down. 


a as third instead of second, as’ given by Mr. Gifford, his third 
‘Water- tightness,’ being given the second a 


as affecting the final water-tight qualities of the wall. _ These different 
ei types naturally fall into two general classes, namely, rigid and flexible 

< joints. Interlocking joints of the rigid type, when in normal position, 
have, i in most cases, very | small interior between their ‘mem 
ae 8 bers. The chance | for the material which is displaced in driving to 


enter er and seal the of the joints where the steel is not in 


ne flexible typ 3 
&§ 
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material to fill in these spaces and be by the heads 
of adjacent: joints when t they are entered and driven, thus sealing the 
joints so that it is not necessary to use any artificial packing. ea. A 
a. In driving a wall of steel sheet-piling, there are very few cases 
where stones in the form of large or small boulders, old logs, and — 
“other obstructions, are not struck. | Sometimes these obstructions are _ 
pone large, and, in the case of boulders, sufficiently hard, to 


prevent cutting through; especially is this condition to be met in deep p. 


work, 


ie such a case it is ad desirable to be able, by the aid of the 
Et angularity of the flexible joint, to pass around the obstruction with the 
steel wall, driving to the same depth as previously done - the r¢ rear of 
ae The flexible joint also allows the construction of  eireulse or irregu- 
larly shaped pockets which are quite frequently desirable. By using 
joints of - this | type, these pockets can be built wi without t the « cost of ae 
pal In making closures in pockets, coffer- -dams, or walls, ‘the flexible vin 
joint allows distance to be gained or lost by the longitudinal displace- 
~ ment in the joint, or by deflecting slightly to the right or left. — ; wa 3 
These latter “conditions also aid in bringing the piling back to 
vertical alignment, when, through meeting obstructions, or by careless. 
driving, the top or bottom of the pile has been allowed to work ahead — 
or back along the line of the wall . Where such inclination cannot a ms 
it may necessitate the of special tapered pieces 


pressures on waling timbers, bracing i is ‘used in connec- 
tion with the work. However, as soon as t the excavation is carried 


: toa any appreciable depth, so that the pressures from the retained earth 


4 overcome the lateral stiffness of the joint, the work i is thrown on a 
timbers, or, if no bracing is used, on the interlocked joints and 
pile at or near the point of penetration, 


ss Iti is probable that the perfect interlocking joint will finally be one 


different for each of these conditions. 
— Re garding the assumption that “the s sections when interlocked act 
a unit.” this the writer infers that the two parts of the joint 
are to be assumed as integral when interlocked. _ He does not believe 
- this condition exists, except where the joints are grouted after the piles 
“y drive: en. — Tt is seldom that | any form of steel sheet- piling is driven > 
_ 80 that every piece making up the wall is in exact vertical Jignment. 


Certain the joints, therefore, may be in contact at 


q 
4 
— 
| 
| 
— 
b — 
ht 
ics 
= 
| 
ter 
ird | 
ints, 
i 
gto 


«414 DISCUSSION ON STEEL SHEETING AND SHEET-PILING =. 
Mr. Conkling, separated by a a small space. Such latter spaces may be fille 4, 
ta the pressure comes on the wall, with material displaced i in driving, 
with silt carried in by water -éilliae. or the space may be left open. 

_ Also the small irregularities produced i in fabrication and rolling tend to — 

bring about similar ‘conditions in the interlocked joints, all of which 


would prevent the two parts of the — as a unit, at Teast 

_ Therefore, if the section modulus is naa as a relative comparison 


‘of the strength of the > pile as a beam, it would seem better to use the 


section modulus of the full cross- “section of one piece, or Xj ; 


inertia of the of one pile 


extreme fiber distance in 1 same section 


The least radius of gyration, while the best comparison 
stiffness as a column, should be considered in with the 
additional stiffness given to the piece by the interlock, density of 


material in which the pile is to be driven, other conditions | 


__ Economical water-tightness is is certainly obtained, as: explained by ; 
Mr. Gifford, by the non- requirement of auxiliary p: packing i in the joints. f 
The methods generally used, to date, for specifications of steel 


or quicksand as being hydrostatic. In cases where the wall is holding 


~ 


a back such m aterial, or dredged mud, it ‘might also be better to ct con- 
is? sider the material as acting as a fluid, but having a weight of, say, 
120 Ib. 1 per cu. ft., and to design the bracing to meet such conditions. _ ; 

ane ali The ‘writer would suggest that the working strength of the steel, in 
bee “tension, might better be - taken the same for temporary as for permanent — 
Outside of deterioration of the steel in permanent work, which 


: es if the steel is protected, there would 


‘seem. to b e more e liability foe undeterminable pressures to be suddenly — 


brought it on the piling while in use ein temporary constructions than in 
the more carefully planned and investigated permanent work. — 
s formula, cused by Mr . Gifford his calculations 
fs pane of the pile as a beam, places the center of pressure neare 


_ the center of the beam than. is generally assumed by most authorities. 
This question, as well as similar ones 2s presented in Mr. Meem’s paper 


bracing of _ trenches and tunnels, is well worth the study 
investigation of some of the expert mathematicians of the Society. 


_ There is no one line of work i in which Civil Engineers are more often 


 engnged than in building constructions to retain n earth and water. 
Tf the long- “used, ¢ old-time authorities a are e somewhat incorrect in their 


formulas, we e cannot know it too soon for r ee — re and economy. 
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* ike to 


exceed 16 000 Ib. per sq. in.’ 

“Strength of Interlocking Joint.—The in 
- of the interlocked joint of the piling, for any given unit of length, shall 7 
& be not less than 25% of the ultimate strength, in tension, of the web — 
the pile for the same unit of length, this joint, strength to. be 
determined by a a series of physical tests in a machine.’ 


‘Under “Unit Strains” he ‘would add: 


ES Hicams, Assoc. M. Am. Soc. ©. E. (by letter).—In mr. 

this able and valuable paper, as in other discussions on the same ool E 

ject, the writer has seen no reference | to the value. of a eens q 
4 section modulus in preventing the bending g inward o of the sheet- -piling be 

below the surface of the mud, inside the dam, during excavation. 

a The writer may over- value this, but it is hard to believe that his ea 


experience with this difficulty i is “unique, for silt such as underlies the 
"Lower Hudson, or some material s similar to it, must frequently be | met oa re 


ord [sm the particular case t the writer |] has in mind, the sheet- piling was 

7 driven to rock through sc some ft. of silt, the being 
ag 
For the benefit those who are not familiar with the ch of 


r this silt at some little distance below the surface, it ma be well to 

explain that this material, which is s exposed. at low tide, or is brought: 
ee by a dredge as soft mud, | is so fine as to be held in ‘suspension in 


bat 


water for a considerable time. In its ‘natural condition, a few feet — 


below the surface, it is a plastic solid, having a a rather well- 
yield point and, when not ‘exposed to water, standing readily with 
-_ vertical face of 8 or 10 ‘ft. , Which would seem 1 to measure what has been - 


q called its yield point; this increases inversely v with the degree of satura- : 4 
tion. 41 -in. before writer, than a a 


4 bracing was placed, excavation was begun, all went well. 
bracing was placed immediately after: removing about 6 ft. of 
ater b bracing being placed every 3 ft. until | depth of some 15 ft. 

- below the mud line, or from 20 to 25 | ft. below the water line, was _ 

reached. Below this point difficulty was experienced in ‘placing the 

braces, due to the sheet-piling bending | inward below the line of 


tion, “This ty increase ed with the aad, powerfu 
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Mr. Hii , it became impossible to force the steel - 


> 


to its ‘original position ; the area of the dam became 1 more and 


if id -_ contracted, until at a depth of about 35 ft. below the \ water line, near 
' ae. the point where the rock was highest, the foot of the dam kicked | in, 


‘and mud and water followed x The coffer-dam filled, ‘and was 
only emptied and the excavation | ‘completed to rock by decking the 
structure and continuing the work under ‘compressed | 
This sheet-piling had a radius of gyration of 0.8 and section 
5 as modulus of about 4.0 per per ft. of width; it stood driving, even through | 


timber, behaved well with the in place, and : failed utterly 


Saree 


Be this plastic solid or cheese- like material below the line of excavation. e 
far as the writer knows, this point has ‘not yet been ‘raised, 
tase ‘sithongh under certain conditions it would seem to be the determining © 
a tie in the choice of a si steel sheet- piling, or even as to whether it 
om might b be advisable to use any | form of an open coffer-dam. The inniter 
ealls "attention to it in the hope of bringing forth ‘some further 


The huge ote dam steel sheet-} -piling at Buffalo, mentioned as 
under construction, has recently been pumped out, and all interested i iy 


peo dams would be glad to learn what degree ‘of success attended 


Be: ©. 4 (by letter) wie 
‘metal is ‘very imited in the Northwest, where the e writer 


| 


~ 


located, and his opportunities for observing its use have been very 


discovered the by Mr. Borthwick, published 


upon the exter 
iron, metal sheet- piles” were not used more ‘generally, but the reason, 


has been that, until of late years, timber for the jean 


Tn a great many cases it is also that for such t 
struction timber is’ better | adapted tha: n steel in any form, mainly 
owing to the fact that it is necessary _ to make connections of bracing 
and staging at various points, and these connections can be made more . 
easily with timber than with metal. In view of this, i it is doubtful 


_ whether metal will ever supersede entirely the use | of ti mber for sheet- 

ae eat point in favor of metal, as compared with timber, is th the 
t, with the various ¢ dove- tailed patterns in use, the piling can 
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DISCUSSION ON STEEL L SHEETING AND SHEET- -PILING 
be driven more vee and made ‘more nearly water- r-tight than 9 with Mr. Fowh 
any form of timber sheet-piling, even where a . tongue and groove -— 
in driving end leave bad leaks in the wall. 
With reference to the pressures s on sh sheet-piling, the or 
ae overlooked the fact that in a very great number of cases the 
pressure is s not that di due to the water, , but to that from semi-liquid or 
very soft 2 ‘mud, and r may ea easily. run up to 50% more than that of 


The ‘specifications: for metal sheet- piling proposed by the 


q 


‘is no » need of having it manufactured under any special ulations. 
the matter of unit ‘Stresses for steel, it would be safe to use 
fiber stress of 24 000 ‘sq. in. in the temporary work, and 20 000 Ib. 


Ind the lage of cases, the types shown in 


stiffness and the better opportunities for connections to them. 
There are, however, great ‘many cases, especially in shallow work, 
where | the types shown in Groups 2 and 3 3 would | be more ignereyape 


on account of their lightness and | less cost. - Where the work is of 


any “magnitude, is always thorough 
3 fo 


4 E- —The believer mr 
in interlocking al piling, and, while he does not wish to 
_ appear as an advocate of any special type, he i is glad to take this 


opportunity of speaking a in the x more of fthis 
concrete piling is subject to the same fundamental 

as those debited against wooden sheet- piling, in that 
it does not interlock and therefore may forced apart by obstruc- 
tions encountered in driving; and, fu rther, that the corners cannot 


bet made secure against an influx of sand or other “material | during 
excavating and pumping. Further, the speaker does not believe that 


the fear that harm may result from steel piling left i in . th ground | is 
well founded. He bases this assumption on his belief that piling drive ; 
“into the ground under water will not deteriorate after the outside 

heavy protective coating of rust h established itself, owing to 

fact that there will be little or no further opportunity for oxida- = 


as the piling is not actually e exposed to free water; ; and, 
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entirely, the space 
‘rust or oxidized iron to be far in excess of a 
7 the steel itself, leaving no opportunity for voids to occur, 
ae a i: The speaker believes that the use of interlocking steel piling i 
long lengths is too well established as an engineering fs factor to 
it necessary to. ‘point out its advantages; but he is not so sure that it is as 
— -known a fact that this material can be used to great advantage a at 
times in very short lengths. He has had occasion to use very y short 
_ steel piling in connection with the underpinning of buildings and 
existing ¢ subways along the line of construction of new work, and the 
following i isa brief description of the methods used : ae Agee 
The piers: of the building « or subway to be ‘were first 
shored on temporary beams in the ordinary way; 6 by 6-ft. pits v were 
then excavated and box-sheeted with ordinary | 2-in. planking down to 
the level of the water, after which 4 by 4- -ft. frames of interlocking 
steel piling of the “United States” type, usually in 6- ft. lengths, that | 
is, sufficiently long to reach about 2 ft. below the sub- -grade of the 
adjacent: nine, were set up and driven to full depth; after which — 
the pits were mucked out to within a foot of their bottom and filled — 
as with concrete, , the processes of excavation | nd concreti being carried 
on without unwatering the pile pit. 


piling as would have b 


there Was never any of settlement, although they were at 


times subjected | to a pressure of as much as 25 tons per sq. ft., with 


a the adjacent, material excavated to within at least 18 in. of the toe 
It is sometimes desired to use steel -piling in very much longer” 


n ca be handled conveniently owing to lack of head- room 
3 n n building coffer-dams under streets and in ommend places. In such | 
instances ‘it may be advisable - to cut the piling into shorter lengths, 


driving ¢ the second and third sets as followers. Care should be taken 


ASE 


however, to break joints between the adjacent piles, and splice- plates 

should be tap-bolted | into the ends of the abutting sections in order 
to keep one pile from | crawling: away from ‘its follower while « driving 
the adjacent member. Cireular’ frames, | 5 in diameter, of steel 
piling i in lengths of about 6 ft., have also been used to good advantage 
the speaker as ome for ‘pumping out. coffer-dams. Sumps of this 
racing, are 
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> a beam, it has very little resistance to cross-pull in the interlock. 
a : The speaker i is indebted to the Carnegie Steel Company for the figures 
the | in’ Table 1 relative to the “Freistadt” and “United States” types, ,and = 


very effective. Piling of the “United States” type it in 6-in. widths has Mr. Meem. 
been | used most extensively by the s speaker in these operations, but 
piling of the “Lacka awanna” type or any flexible. type e should be equally 
effective. . Great care should be taken in the selection of = 
secure the type best suited to the conditions. 
It come to the he speaker’s- notice that co coffer- dam 
have its” piling act a vertical cantilever resulted in. developing 
rt stresses similar to those found in suspended chain stressed 
-gontally. _ This condition, fortunately, had been foreseen by ‘the engi- 
he J a neer in charge for the contractor, and he selected for use a piling which is ; 4 t 
gave a high strength of eross- in the interlock. relation to this 
rst matter Table 1 gives some figures which show wide variation in 
ere pull at the interlock, as found in the “Freistadt, ” the “United 
States” and other types. W hile the “Freistadt” i is particularly effective 

“4. 


ich the e engineers of the: Lackawanna Steel ‘Company for the 
led relating t to. the “Lackaw anna” type. Iti is only fair to say, however, that 
ried buil h 1 by Mr. Skit 
BS a built-up » section such as “suggested xy Mr. Skinner should also os 


"Section of piling. linear inch at 


4 
4 


Type of piling. 


with» “United States” steel piling....:] 12-in. by 000% 
It would appear from the figures" in Table 1 1 “that very” great 
may be derived at times from designing coffer-dams so 
| $ the material in them will give thrust developing these stresses in the _ 
puing saving a large ‘amount of cross- bracing. These : stresses can 
best developed by driving the piling between supports with a “belly” 
) = 
der or bow, the versed sine of = as as with 
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MEMOIR OF DANIEL DAW 


| 
Daniel Dawson Carothers, the fifth son and seventh ‘child of Rezin 


33 Dawson and Elizabeth Bain Carothers, w as born at Cutler, Washington 


: is In early life, his father had been a millwright, but later he became ~ 
a railroad contractor. He had a fine mechanical turn of mind, which 
son inherited, and was” ‘noted for his determination and energy. 
His ancestors had come to America from Scotland, in Colonial days, — 
had settled in ‘Huntington C County, Pennsylvania. Mrs. Rezin 
 Carothers was of English extraction, her ancestors having emigrated 
England to to “Maryland, ‘moving to Beaver County, 
The early life of Daniel Dawson Carothers was passed on a ‘form, 
where he was required to do the “chores” and o odd bits | of 5 work which | 
Eee fall to the lot of a country boy. ‘This early experience tended to P 
develop both mind and body, and the boy showed a strong liking for — 
er ie work with tools and for everything which pertained to machinery. ” 
= 
mother exerted a strong influence over. -his early life and intellectual 
development, giving him his primary schooling, as the neighboring 
Bt ete country schools, i in those days, were poor and the term of study © very i 
: an he _ short. The last year or two of Mr. Carothers’ school life was spent at 
Bartlett Academy; later, he w went to the ‘National Normal University 
at Lebanon, , Ohio, where he took a special course engineering, 
although he ¢ did ‘not enter for a degree. ‘During the last three ‘years of 
Mr. Carothers’ ‘college life, he taught school during ‘the winter months. 
zeen Finally, i in 1882, he began his labors i in the field which he had chosen | 


for his life work. At that time his father was connected with ‘the 
had ; Wheeling and Lake Erie Railroad, and the young civil engineer was 


q 
7 


: given employment as a Rodman under his father, who. early impressed 
upon | him, as the ‘primary necessity for Success. in business, the spirit 


_ As Rodman and Assistant Engineer, Mr Carothers was with the 


during 1882. The next y year he 


a part of the and Ohio ‘Assistant 
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MEMOIR or DANIEL DAWSON 


"Engineer, Chief Engineer, and Train Master. He remained with this 
Company for seven years, or until 1890, when he transferred the field 
of his activity to the Baltimore and Ohio Railroad, with which =. 
or its subsidiary lines, he remained until his death. 
When Mr. Carothers entered the service of the Baltimore and Ohio 
* in 1890, it was as Engineer of Maintenance of Way of the Baltimore 
2 and Ohio Southwestern, which position he held until 1901. He then 


became of the > Chicago of the ‘Baltimore 


Ble A , with headquarters : at vaneae In 1904 he was chosen 
Chief Engineer of the Baltimore and Ohio Railroad, with headquarters a9 
a Mr. Carothers v was ; married on n September 20th, 1888, to Mies Carrie : 
‘Teland of Lewiston, ‘Maine. _ They had 1 one « child, a son, who lived only a 
a short time. and Mrs. Carothers resided in Baltimore 
past five years, and made many friends. Mr. Carothers was a Member 
‘ of the Maryland, Merchants, Baltimore Yacht, Baltimore Country, and. 
Engineers’ Clubs Baltimore; the ‘St. Louis ‘Railway Club; the 


Western Railway Club of Chicago; the Railwa; 


aif 


two conferences of the of the States with the 
of the United States, at Washington ; the the Ohio Society of of Ne New York; nee 
Entering the service of the Baltimore and Ohio R pad on the 
= “eve ofa new era in railroading i in 1 America, while the many companies _ 
a “were beginning such marvelous strides in the way of development, 
Mr.  Carothers: played an important part in the upbuilding of 
i of the greatest ‘railroad systems in the | country. _ During the “years: he 


filled the many important Positions: to which was chosen prior to 


devoted to railroad improvement. 
Mr. Carothers was” a “man of personality, 


"among other men of his ‘Profession. a ‘man, his 


= 

and manliness drew everyone to him. men who worked in close 

touch with him were those who most appreciated and respected his 


opinions, Notwithstanding the ‘position i in the railway world which he 
made for himself, those knew him felt t this was” but the 
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MEMor OF RUTGER BLEECKER REEN 


his usefulness, and all a deep sé 
personal loss at his death. 
“The world y was: be 
_ Mr. Carothers was elected a Member of ‘the 
Civil Engineers on April 4th, 1 1904. 


college in the: schools of New 


ey Pain: New Jersey, and entered Cornell University i in 1890. He 
graduated with the Class of 1895, having lost one year "because 
of sickness. As of appreciation | his ability” 


hee: 


Previous to entering co college Mr. Green had had considerable salle 


eal experience, having been engaged as” -Chainman on the New York 


ad State Canals; _Chainman and Instrumentman on the Richmond and 
Sei Railroad; Chainman ‘on the Adirondack and St. Lawrence — 


Railroad; and Assistant Engineer on the construction of the Sy: racuse q 


—_ ‘Works’ 5 pipe line from Skaneateles Lake, being in charge of a 


remained un until his death. He had charge’ of the land surveys of the 


400-acre plant. on the Detroit River; designed and constructed me 
system of 8 miles of t1 tracks, with 75 turn-outs and an 8-stall locomotive 


house, 1: mile | of concrete sewers, 2 miles of gas and water pipe for 
manufacturing and fire” protection, including a yard ‘system of 


hydrants, and automatic sprinkler systems. He also ‘supervised the 


of the foundations and of a 300- ft. : 


5 CO 
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Personally, Mr. Green’s disposition was particularly loving 2 
sympathetic, and all with whom he came in pleased to 


Special mention should be made of his interest and 


philanthropic affairs, as at the time of his death he was Treasurer of _ 


St. Mark’s 's Episcopal Church at Delray, and a Trustee of D’ Arcambal © 


yy Sew close application to his v work, and the intense interest which he nen 
i in everything in which he engaged, resulted nervous break- 


- down. In June, 1907, ‘Mr. Green took a trip to Europe for his health, ed 


=] but he was n not ‘permanently | benefited mae 
recurrence of the old trouble during the and fall of 1908 
and caused such a state of mental | depression that, , with the words, “I am 
He worked o out,” he sought rest in death, on ‘December 8th, 1908. 
Use 4 Mr. Green was elected a Junior of the American Society of Civil 3 oe 

lity. ci Engineers on May 5th, 1896; an Associate Member on October 5th, — 


eat, 1898; and a Member on September 6th , 1904. He was elected a Mem- bees = 
ting of the Detroit Society on October 26th, 
nior 


> 


Charles “MacRitchie born in Inverness, Scotland, in 1844. 
From: 1860 to 1865, he served as an ‘apprentice with G. E. eden, 


‘land and Civil Engineer, of -Thverness, 


onstruction of the ] and Railway. Part of the time 
acted as Resident Engineer on the western half of the road. 
In Mr. MacRitchie came to the United States after 


the private office of the late E. ‘Boe: C. E. (who, 
; at that time, was City Engineer), i in making plans ; for a a railway ae 


under the ‘Detroit River, at Detroit, Michigan. rile 
— Under the direction of and in association with Mr. Cheshrough and 


ed the 4 the late @ Moses Lane, M. Am. Soc. C. E., Mr. MacRitchie made surveys : 

a ail ; and plans for the water supply of Pittsburg, Pennsylvania, and Long © 

oe the Island City, New York. He was also Principal Assistant Engineer _ 


by John Nichol, M. Am. Soc. C. E. 


foundations of a 260-ft. chimney, also the foundations of various office 
onia 
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MEMOIR OF CHARLES ‘TARURLL DUDLEY Memoirs. 
the construction of the water-v -works for Milwaukee, Wisconsin, 
ag and afterward served as Secretary of the Board of Trustees. 
In 1875, Mr. MacRitchie entered into partnership with John Nichol, 
 M. Am. Soe. C. E., under the firm name of MacRitchie and Nichol, 
_ Engineers and Cuteeton, which partnership continued until 1906. 
_ This firm prepared plans and contracts and carried out work, geal for 
a _complete water ‘supply, or a a part. thereof, in many cities in the 
7 Daterse: States, which included some interesting submerged- -pipe work 
in Galveston, Texas, Boston, Massachusetts, and St. Paul and Minne- 
Minnesota, and also some railway- “construction work. 
‘From 1906 until his death, Mr. MacRitchie was in partnership 
with Mr. Benezette Williams, engaged in railway ai and 


By his genial, kindly and generous disposition and straightforward 
— honesty of purpose, Mr. MacRitchie made many friends ‘wherever he 


of civil on October 2d, 1872 and a ‘Member on April 5 5th, 


"CHARLES TARBELL DUDLEY, Assoc. M. Am. Soe. C. 


%, Charles Tarbell 
6th, 1878. He received training Sheffield 
School of Yale University and at the Colorado State School of Mines. 
; He was graduated - from the former w with the degree of Ph. B. i n 1900, 
- from the latter with the degree of KE. M. ‘in 1902. 
"memory is particularly lasting at of his. 
tireless efforts in the up-building of clean, wholesome, college athletics. 
Though small, Mr. Dudley was an athlete of the wiry, determined 
type, and Harvard and Princeton still remember him as a most 
dangerous half-back, centerfielder, ‘and batsman. Determination and 
- a a high moral standard were his chief characteristics, and these, coupled — 
with a cheerful, lovable disposition, endeared him to all his associates. 7 
Before ‘taking 1 up his” post- -graduate work at the Colorado State 
School of Mines, Mr. Dudley secured employment as Assistant Chemist 7 
at the Midvale Steel Works. In six months his ability w was seegeienl 
~ to such an extent that he ‘was put in charge of the Department of 
: Metallography and Experimental Chemistry, and in another six months _ 
. he had invented a new process for the treatment of large, nickel- steel 


* * Memoir prepared ey Haehl an and ina E. Gilman, Assoc. »e. Members, A Am. Soc. .C. E. 
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so eo frequent before 


and 
as of various mining 
1903, when he accepted employment with the 7 
of the Bay Cities | Water Company, which corporation was at that: time hs 
designing a new water supply for the City of San Francisco. <4 
In (1905 Mr. ‘Bulle resided in the Santa Cruz Mountains, Cali- 
~ fornia, and designed the trestles and bridges for the Santa Cruz 
- Portland Cement Company’s railroad. The great California earth- 
quake of 1906 interrupted - this work, and, seeing the opportunity for 
designing and structural en engineers in the. of San Francisco, 
Mr. Dudley moved to that city. Ie was eng gaged in the design of — 
some of the largest of San Francisco’s new buildings when he was’ 
ore with an attack « of ty phoid fever, and for six weeks . he » fought for 
his life with his characteristic determination. . Before he had regained 7 7 
strength he moved to Allston, +husetts, and began again: the 
practice of his profession. ion, 
condition, could | not stand this added and a “general breakdown 
resulted, against which his determination and grit w ere unavailing. 
Dudley died on September 30th, 1908. wife, Sarah Emery 
-@ Dudley, whom he married in Boston, in 1905, and two children, Sarah > 
and’ Wade, survive him. 


To those who knew him his death was a keen blow; ; to his friends, 7 


it wa was” a great loss—the loss of that great possession, a wholesome, — 
Mr. ‘Dudley was: elected a Junior of Society of 
E ngineers on September 6th, 1904, and was transferred to the grade 
Associate Member on on October 34, 1906. 
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To BE PRESENTED SEPTEMBER 1st, 1909. 


rapid decrease in the available timber the ‘con se- 
quent increase in the price of all kinds of wood during the past thir 
years—has ‘served as a stimulus for the invention of methods” 
conservation of this valuable material. Investigations have 
- proceeded along two distinet lines; first, to find a ‘means whereby the 
oo serviceable life of ‘the wood could be prolonged; d, to find | a 
material which could be as a substitute for wood. The first was 
_accomplished by the discovery. of the creosote treatment; which has 


doubled the ‘term of ‘service “ wood in in- 


4 


= 


to a the of uses of concrete, 

plain and reinforced, which is now replacing not only wood, but also 
steel, masonry, and other materials which have been standards in 

_ The construction of concrete piles is one among the many uses to 
which concrete has been applied successfully as a substitute for wood. 
The first patents, in the United States, were last 


7 decade. . In that short period concrete piles have grow n rapidly in 


--Norg.—These papers are issued before the date set for presentation and dis- 
: meeting Correspondence is invited from those who cannot be present at the 


meeting, and may be sent by mail to the Secretary. Discussion, either oral or 
written, will be published in a subsequent number of Proceedings, and, when _ 
' ‘finally closed, the papers, with discussion in full, will be published in Transactions. A 
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now timber for the ‘support. of heavy 
structures in marshy situations. | pile “company 
states that during the past year ‘business has i several 


per. cent., as with the ‘previous year, although the 


period has been one of unusual financial "depression. 


= It i isa well- ‘known fact that timber piles will will | last practically 


ever when ‘eonstantly submerged | in water, and there ‘are on re record 


= 


many authentic instances where ‘they ‘have been found intact after a a 


service of several hundred “years. ‘Probably the most conspicuous 


‘example that has been brought 1 to. the attention n of the ‘world i in n recent 


years is the foundation of the ‘Campanile of S St. Mark’s, in Venice, built © 


, the re of which fell “fell in 1902 on “account of 


weakness masonry due t to other causes, not any fault 


in the pile foundation. pile were found to be such good 


preservation that they are being used to support the reconstructed 
These piles were installed favorable conditions, and were 
@ onstantly sj ubmerged, but where timber piles are subjected alternately 


lowering of the ground-wate r level around a structure sup- 


= on Gales piles will eventually cause damage to it and a 
its destruction. _ Many instances of this kind have been caused by ~ 


tos the action of air and of water they soon decay. ™ 


_ construction of the numerous tunnels and subways in New York City, 


; as the level of the ground-water in | their neighborhood has been reduced - 

much that the stability of vibe foundations near them has" been 
menaced. One very very ‘Prominent building, constructed on timber piles 
only a few ye years. in a location which naturally required a founda- 
tion o of that type, is | endangered from this cause and, in the 


future, steps will have to be taken to ‘strengthen the foundation. 


ys: 


Where hard driving has been ne necessary in order to. place timber 


piles: in Position, engineers have entertained a a doubt as as to the final 


“condition of the pile and its real ability to support the load imposed 
it, owing to the fact that m many piles driven ‘under these conditions 
“ee _ and removed | later have been found to be damaged seriously by being — 
‘either telescoped or buckled. Recently, during the construction of a 

"pneumatic foundation in New York City, a line of caissons was sunk 
along ‘the side of ‘the lot directly against the adjacent building, which 


rested on a timber pile foundation. A number of ‘the piles had been 

driven so that they over into the other lot, and these were 
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removed as the caissons were sunk. * Some of these piles w were buckled — 
and erimped into accordion- folds, and had no su 
whatever; how “many more are in a similar condition | is a matter of. 
conjecture. Timber piles care injured more frequently in 
than is ‘generally. but. comparatively few are ever removed, 
and the integrity | of the foundation is taken as a matter of fact. od 
the construction of caisson foundations s for sky-scrapers in New ‘York 
City, it has been the | custom in many instances. ‘to piles 
form a temporary ‘support for piles 


until all the m ma are 


riven by a large pereentage is found to, be badly 

the construction of docks, and similar if 
timer piles are installed in waters” frequented | by marine a 

the teredo or the limnoria—their life is very very short; in Daly infested 


waters a an untreated pile may not last. eight. months, while a creosoted 


may last for years, though its period of ser service is somewhat doubt- 
“tal, as. piles treated and placed do not last the same length 


The con conerete e pile has none of the disadvantages of os timber rs 
cannot be affected by the reduc of the gr ‘ground- water level, 
byt the attacks of marine borers, n nor is it injured by hard drivi ving. k 
driven. into ground impenetrable to the timber pile, ca can 
_ made of the dimensions ‘and form desired, and be proportioned to the 
load that it is to support; at. ‘the same - ne time, every pile can can be made 
to comply: fully. with the ations. Those’ who have’ inspected 
piles” realize how difficult it is to pieces which will fill 
the demands the specifications in all particulars, a as. to ‘size of butt, 
size of point, straightness, ete., especially when lengths of 1 more t than 
ft. are required. concrete pile has a greater carrying capacity 
than the timber pile, individual | piles having | been tested with 
loadings of 45 tons: ‘and more without settlement, and piers of five 
piles” “have supported satisfactorily. 1 test load of ‘tons, of an 
average of. 60 tons per ‘pile. In practice, however, it is not desirable 


load them to ‘more than 25 tons per pile, unless reinforced to 


provide for the « excess ss loading. In g good practice, | timber piles of a 


comparable size would not be. loade xd more than one-half “of this | 
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carrying capacity = the concrete pile is double 
“that of of the ‘timber 


The he method adopted i in the United States to de smonstrate the carry 
ing capacity YF 1 concrete pile has been to make an actual los 
— test of some of the piles by placing a platform on a pile, loading it > 
with pig iron to duubie the guaranteed load, and, by a wails of accurate 
keeping watch for any settlement us wee soem 


‘Some attempts have been made to. alculate’ the supporting 


of. concrete piles by the formulas with piles, but —- 


amount, 


it. is quite evident that none of these formul: as will apply in cases 

where the concrete pile is jetted into place. Wi hen it is driven into 


position, | however, a formula like “Ritter’s 


- the pares of the pile, can be used with good ‘results. ‘The “ 


formula i ‘is 3 


in which W = The resistance | to furth ier penetration, 


= The w euighi of the } hammer, i in pounds, 
= The weight of the pile, in ‘pounds, = 


— The height of the fall, in ‘inches, a 


= The penetration, in inches, by the last blow. — — 
The concrete pile costs more per. linear foot than the timber pile, 

but, in many installations, some items of construe tion, necessary with 
the timber pile, are igen — materially | by the 


use of cash concrete e pile, so tl 


a whe 


ne a 
and money wilh: the 1 ae Fo or instance, where timber 


and the ground: water several feet be ‘low the surface, 


it is customary to a wate to. the water leve | and su ‘support { the ‘sides of 
the « excavation with sheathing before driving the piles; then, after 
the piles are in place, | they are cut off at the prope r elev ation, the pier 


or ws all is s built to the required he ight, and the excave tion is back- ; 


proceeding simplified ratly with» the concrete pile 


is driven from the surface of f the ground, 


minary excavation, and only requires. a capping 


line to prepare * for the supe orstri ructure. 


‘Under these conditions, the 


he concrete pile foundation saves on 


item ms 


of excavation and depth of pier while it eliminates entirely the 
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he ina a much ‘shorter period of — 


‘The ideal or a conerete is in n fille ed a AS where the 


low the oleae: an dt th 


is” ‘such a a nature that is necessary to carry the 


to a firm underlying stre atu um; here, the the concrete pile can « compete 


with the usual concrete or masonry pier, a as, , under t these conditions, it 


will save ‘most of ‘the items 1 mentioned in n the ‘example just given. In 
the construction of foundations for a large warehouse at Pittsburg, P Pa., 
on the site of an old fill, from 20 to 30 ft. ‘deep, where ‘it was necessary 


to carry the fi foundations toa fem ‘stratum, bids were - received on we 


of construction: one being to carry the loads: to ‘the proper 


depth | by concrete piers in V open excavated | pits, and the other to use 
conerete, piles. The owest time limit set by the « open- pier method q 

was 18 months; the ‘work was actually done by the co concrete- pile 

_ method i in 76 days, thereby effecting a saving of more than 15 15 months 
in time alone, as wali as a considerable amount of "money. 7 - 


Comparisons of the relative cost of conerete and timber pile f founda-- 


tions in fair- sized installations. are not common, bt but an instance 
inst 


cited in n detail of ‘a foundation. at Annapolis, Md., which shows 
saving in money of more than 50% on the cost of a timber. ‘pile 
foundation: 


2 193 at $9. 50. . 

4 542 yd. excavation at $0.40.. 
3250 cu. yd. concrete at $8.00... 
5 222 Ib. I-beams at $0.04. einer 


horing and pumping.. Stay 


— 
855 5 conerete piles at $20.00. ....... 100.0 00 
¥ 7 


4 1 038 cu. u. yd. excavation at $0.4 40.. 


A 


saving 
_ The saving in material was: 


1338 piles, 


8 504 cu. yd. excavation, 
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CONCRETE PILES 
2 264 cu. yd. concrete, 
222 Ib. I- 


Although the concrete pile is cheaper fav wvorable conditions, 
the timber pile will be used for m many years, especially in places \ where _ 
the ground- water level is near the surface to be 


wa 


-supported so. light and cheap as. not to -warral nt an expensive 
= 
There are many, kinds of conerete_ piles ¢ on, the 1 market. t. “Most of 


are patented and are the varieties general use use; they ean 


be divided into two general classes, according | to their method of — 
struction: First, those made in. place, where the pile hole is made 
a a mandrel and the c concrete” is s dropped directly into the position it is 
‘to occupy as. a conerete pile and sets in place; and ‘second, those 
moulded or cast and allowed to harden being placed 


or and in cross-section being square, or 
These variations in form have led to considerable discussion as to’ the 
— 
merits of different. combinations, but it is the intention this paper 


to mention in an impartial m manner r only the relative bearing p powers | 


of straight and tay apering piles, without go going into the comparative 
merits of the others, leaving that element to be brought out in the 
mx, with the details of construction, cost figures, ete. 
the class be described there are two. ‘Tepresenti itive 
types. 30th of these were first patented and used in the 
United States , and are distinctly American; consequently, installations - 
of this class have been more numerous than of the second or moulded — 
class. , One of these, which for purposes of identification will be called a 
Pile “A,” is formed by driving to refusal a hollow steel pipe or form, 
of the proper length, 2 in. in thickness of shell, 16 in. outside diameter, 
and of the same diameter throughout its entire Jength. ' This hollow 
form i is driven by an extra heavily built pile- driver, which, in. addition | = 
to the usual e equipment, has a strong pulling device a attached to the 


Toads for the form from the > ground after 
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it 
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similar to that used with timber piles, 
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driving, in prev ent 


als into the form; n soils” 


, and is used over and over again. Iti is composed 7 two 


Jaw” point is. used. This aw is attached secure ely 


hin; nge ges, 
ical wedge-shaped parts which are kept closed ane driving ge | 


the pressure of the soil. Gener rally, a a detachable ¢ vast-iron point 


symmetri 


- ed, but. this is more expensive. than the ‘ “Jaw,” as as it is left perma- | 
ently in place, and one must be for each pile. The e upper end 

of the form is reinforced with a strong band of steel Patan in . place 


Be secured firmly to the form with countersunk | tiv vets; this steel band — 


“serves as a shoulder for the el amps" which are attached to the 


pulling device. steel “driving head, slidi ng in the leads, a 


_ circular proje ction on its ‘on er face to fit into the top of the form, is 


~ lowered on on the form, and not ony serves to hold the top of the form — 


nly in Place during: driving, but receives the impact 


fir 
u 


immer, from it is protected by a rope mat. 


When the form as been driv en to refu isal, driving head i 


wire attachment, and both are hauled to the 


f the leads and chocked there during concreting operations. 
ze of concret —about 5 cu. ft— —is dropped into the form, after 
_— sis entire form i is raised poy a foot by the pulling devi 


wy Ss Seana is dropped on the mass and by its impact 


then 
e and forces” the conerete out into | the space made by the 
ntil the form has been ; 
withdrawn f from the ground and t he space it occupied is 
in pla e and becomes 


end of the form. . J his procedure is repeated u 


mp iplete ly filled with conere which harden 


one 

This method of filling is varied to ig ¢ cor occa- 

ma ally, after the jaw ‘been opened, sufi fficient quantity of 
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te to o make is placed in in or and Lie 


vadily withdrawn ; this plan, under: cert ain sub- surface conditions, 
giv shaped pile, because, first 


have a tendeney to close” partly on account of the excess of pressure 


at each stop | of the form, thus m making a pile of irregular ‘section; this 


is avoided by giving a regular and stes ady mov ement to the form. The 


concrete | is made quite wet, of a1:2:4 ‘mixture, using | 3-in. - stone, and, 


when placed in the form in mass, is heavier than the surrounding soil. 


Thus it is 1 more the an able to balance the pressure, and the soil has 


4 mance of the sur-— 
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Be 


as 


to eut any section of the pile, as. the excess 


serves to force the conerete into the soil. = 


diving, even with a j-in. shell, have 
7 


kled at the top, and— one can judge Pn this: wh at the con- 


of a timber pile would have been under similar, conditions. In 


one ease the form was driven into the lower stratum so firmly Poa 


the pulling device could not withdraw it, so it was filled with concrete 


and left permanently in place, 


lal ‘It is claimed for piles os of this ty type that the fresh concrete, which 


nae into direct contact with the surrounding 1 material, enters into all” 


its: and unites: with» it, thus forming a rough exterior 


surface, which gives the | pile a large amount of frictional resistance; 


and, further, as practic ally ot the resistance to driving” ‘is s confined 


to the point, greater part of the compression ti kes pla ice where 
the pile needs most in order ‘to transfer its load as a column, 
In locations where the strata penetrated by the pile are in a fluid 


or “a fluid condition, and wana not enough | consistency to serve as a 
mould to retain th the concrete in shi ape, piles of this type could not 
used. without m material modification. In one case of this nature, 


after the driving form had passed through the soft soil ‘and had been 


driven to refuss al into the firm unde rlying stratum, the initial charge 
of conerete was inse rted and the: pot was fore ced open; then an 
auxiliary form of thin No. 20 ‘metal, of slightly smaller dis 
than the driving form, droppe toe pla ce and the required 
reinforcing w as adjusted. Then the auxiliary form w: as completely. 
filled “concrete, and the driving form ws 1S _withdrs awn, leaving 
‘the n sh Min in act as mould for the concrete. 


Staten. Island, N. Y., 


were const ructe in m: ine rer, the resulting pile being one whic h 


in. in 

diameter in thie portion, while was 12 i 
in n diameter, and was enclosed i in a shell of 20. me al. T hes Se piles 


“had ita point embed Jed in the bearing str atum 8 8 ft. and wi as 16 


ie ings 


‘is between 20 and 25 ft., but piles 48 ft. have Nene used. The 


largest install: ation of this type is in the foundation of the Pittsburg 


‘The length of piles of the driven by this syste m 


ay erminal Warehouse, 2 ittsburg, Pa a., where about. 6 000 piles, from 
= 


30 to 45 ft. long, were placec 


dition. — 
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: The other leading type of this made-in- place class, Pile “ differs 


considerably from the one just described. It is tapering in ean 7 


and each Pile has a steel shell, to p to prevent the earthy material from , 


A heavy ‘pile- driver, usually on a turn- table frame for facility 
operation, is used to drive a tapering collapsible form or core into ‘the ; 
ground to make. the vile hole; this core weighs about 3 tons, and is 
- built in three longitudinal sections with provision for horizontal move- 
ment that permits the sections to be expanded or collapsed. Before 
beginning operations — the core is suspended in the leads, with the 
point about 8 ft. above the ground to allow clearance for the sections 
of casing to be ‘slipped or on. The easing is made from sheets of 
No. 20 20 metal, 8 ft. long, which are formed into the nee. : | 


the edges being bent to connect , together and retain 
pepe cone. These are of various sizes, to fit the tapering core, 


and are slipped on in ‘regular order with a considerable overlap to 7 
weil section, enough sections being used to cover the core completely 
the length required. Occasionally, the joint between the ‘sections 


is covered with an extra section to a a tighter joint. When thie a 


is done, a _ pressed- steel boot or thimble is forced on the point of the 


casing. ‘The core is. re ady 


for driving. | It ‘is slung | back into the leads, lowered ‘carefully tot he 7 


location on the ground, and is” then driven to refusal by 


ro 


overlapping the last section of 


steam hammer weighing about 8 3 tons. ns. V ‘When the core has | been driven 
to the desired depth, it is withdrawn the 
this is immediately — 


easing in ground as a linin g for the pile hole; 
filled with 1:2: 4 ¢ Z-in. stone or mixed rather 


> 
wet, which sets and forms the concrete pile. The a cannot be a 


placed until been withdrawn, In it. has been 


found that these protecting shells, being sectional, are not tight, but — 


mit the entrance of water and quicksand which has be siphon > 


out before the concrete is placed. When installed in where 


the shells are ‘subjected to. great hydrostatic pressure, , the easing is 


— collapsed and must be re-driven. In hard driving 


in boulder formation, the core’ been injured severely as to be. 


7 put out, of ‘commission a and has had to be ‘replaced by another. _ 


It is claimed for: this that its. strong tapering shape, 90 in. at 


butt and 8 in. at the point, | distributes the load throughout the 
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entire length of. the pile d_ compresses the an 


that the full bearing of the upy upper r layers is fully utilized, and aleo, 
that the metal casing prevents: the surrounding s soil mixing” 
with and weakening the concrete. Hospital Buildings | of the 
United States Immigration Commission, at Ellis ‘Island, Sew ‘York 


Harbor, were installed by this n method. 
e been more 


These two varieties of the made-i in- place class: have 


‘popular then @ any others in the United States in building foundations. 


They are reinforced oceasionally with rods which are put position 


as the concrete is | deposited, or or single rods may be churned into place 7 


through the wet ¢ concrete. The r ods al are left with their ends 
 decting the conerete 1 ft or more, in to assist in| 


use in docks, p piers, , wha vfs, ete., without v very ‘material modifications 


sae The installation of these p e piles has not always been a success ; 8; there 


have been failures, due to va various causes, from which much has as been 


at 


learned. In one ease all the subsoil conditions were favorable, the 
driving was satisfactory, and everything ‘indicated a a successful 


Bee of work; - but when 1 the physical test was applied | the p piles 1 failed 
to support the load. On investiga ation it w was found ‘that the fault 


lay with the cement. | 7 Ome of the standard brands had been 1 used, but it - 
had been accepted w without test, and ‘proved worthless. other cases 


‘difficult sub-surface conditions wer were met, each heal which required some 


change in operations; but, at the present time, an unsuccessful 


; stallation is r rare when all the e conditions of the problem are carefully < 


No single type of concrete pile will ‘fit all locations without some 
change to suit the site, and, before determining what particular pile 
‘shall be used, a very careful survey of the subterranean strata should 
be made by taking test borings in several parts of the proposed site. 


Good wash borings: will generally furnish ‘this core 


‘years ago it was heal drive test ‘Piles, in onder to 


four timber test wiles cost: $200 each, on account of ‘the expense of 


3 
ie 
m 4 | 
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rather expensive, unless a pile-driver was on the site. In one instance 
t 
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8. 


various strata, their thickness, ete., , and the elevation of the ground- 


| 
water ; ; the ‘strata, will be ‘of different thicknesses and “elevations in 


different parts of the site, and the borings | should id provide | the informa- 


tion n necessary to ‘determine ‘the length of pile, the type of pile to be 
used, and ‘on which si stratum to 10 place the load. Neglect of, these precau-— 
tions is responsible for some of the settlements wil have occurred lin 7 


pile f foun ndations, both timber and concrete. | One instance may ‘he cited 

where a 10-ft. fill had been placed on a ‘swampy piece of ground, t 

bottom of which was 40 ft. a. 3 To have reach shed ‘this hard bottom, | a | 


the piles have been 40 ft. long, but a of about tw 
thirds that length was used, and, for its support, relied” on the filled \ 


thirds tha h was use 
and the spread of the concrete capping, and ‘made what 


This foundation ettled slightly 


ais it 


year ‘the ‘otal 


pl pile: oulded piles is 


re of made-in- 1 
_* a they harden in the place where they are to be. used, a small founda- 7 


completed before the moulded piles | would be ready 


be « 
drive, thu  Mlecting a small saving in time. 


truction the foundations gar age at 


as a stiff « an had ‘on n ‘the pth of 15° ft. by 


thus it ‘Was necess ary to carry some of 


adjoining “exces avations ; 
“the Toad to the original surface. | This w was accon nplished by excavating 
holes, 10 in. in diame ter, through ‘te. overlying fill to the penn 


surface, usin ng a screw post- digge er, and then filling holes" 
with fresh conerete, the being “stiff, enough to retain its 
position during the operation. — The piles were » spaced at 3- ft. centers, 


a 
a 


two staggered rows being er under the w walls, while the pier loads | : 2 
were supported by clusters similarly spaced. The total length of piles 
was s 4 779 ft.; labor of digging the holes cost 20 cents per lin. it, 


and the conerete $7 “per eu. yd. in place, or : about 13 cents per lin. ft. 
making a a total of 38 cents p per lin. ft. of completed pile. In pile work 


there is usually quite a large charge” for plant installation and dis 


mantling, but in this instance this was reduced to which 


accounts for the I Tow unit cost. compression of the hole 
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CON CRETE PILES 


> 


class hin been used in the clay ‘soils around 


a type of this 


Boston, Mass., wher re the clay was overla aid by some 20 ft. of. sand 


s silt. ‘Through this an 8-in. casing was forced ‘into the clay and 


t. 
‘the materials w were washed 0 ou 7 len chambering device w as used 


~ 


to expand | the footing of the pile e by cutting away the clay, which w w as 


also ‘removed | by “washing. Tn thi this way the e area of of the footing of the 7 


a very 


made 16 great as the ile itself— 


“construction of “the: foundations 


of the ' Trinity- Tnited States Realty Builk lings, at Broadway, Jedar 


Street, and rinity Place ce, N New Yc ork City, the foundations 


| of the Sick Elevated Railroad, located on the 


line of the rinity Place front, , were sarried to hardpan, 7 7 f ft. below 7 

the curb, by using steel- enna concrete piles, This was done in 


The | piers val ‘columns were on the 1 at 
ground-water level, 1 12 ft. we the curb. ‘Below this footing elev — - 
there was a thick stratum of quicksand extending to the hardp: an, the 
latter resting directly on the bed-roe kk. The transverse girder sup- 
ported by the first column was shored up, and the column and its pier. 
were removed and then restored comple tely before any work was done 
on the next Over the excavation made for the 


could be operated under the overhanging girder, and this was ia 
i vater jet, to force a 12-in. sta and: rd, black, w rought- -iron pipe, in _— 
random- length sections, to the hardpan. ‘When first had 
down to the bottom of the sheeted excavation, another 
section was joined to it with outside couplings, the threads on the a 


ends of the pipes being cut long enough to allow the ends of the 


sections to butt ‘properly. The of the bottom section wa 


protect 1 by an open driving shoe, which made it 


5 


to sink the pile shell the an with a one-shaped, 
allowed the free use of the jet to soften up the material. - ‘The upper r 


closed point, | as it 


a0 


end of each section was protec ‘ted from the direct impact t of the 
~ hammer by a driving head which serewed into its coupling and Sone: 
on pipe. This driving head had a slotted opening i in side 


h the jet w was worked during the operation of the. hammer. 


through whie 
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Most of the material ‘from the inside of the pipe “was removed by the ; 


jetting process; any that remained was taken out by an ordinary 
a? 


pump. There ‘was no difficulty in getting out all the material 
after the pipe had ‘reached the hardpan, the depth being “checked by 
steel tape measurements, and ‘the interior of the pipe inspected by 


ip 

the aid of : a lantern, The pipe was then filled with 1:2:4 concrete. 

Five piles were thus placed for each | pier, one near each corner, and 

the fifth i in their midst t directly beneath the center of the ¢ column. | The 


pier, and 8 ft. square | at the ‘base and to meet the 

-eolumn base at the ‘curb level. 


1 


__ A similar pile has been used i in the underpinning of buildings in 


York City. is placed directly beneath the wall by. cutting in the. 

latter a vertical opening, from 1] the starting elevation and through the 


foundation courses, of sufficient width and depth to leave ample work- 
ing space around the pipe. : The sections are fc forced into the soil by 
hydraulic jacks assisted with water ng the of the 


wall for reaction purposes. 


These piles are of various from 8 in propor-- 

tion to the loads to be carried, and ‘the spaces are cleaned out in a 

manner similar to that just described, except that the largest sizes, 

in which there is ‘space enough for a man to work, are cleaned by . 


hand. The spaces are then filled with ‘conerete under ressure. 


it y masonry wedging stones. ‘Tt. is the system 
of underpinning in use to- -day, as it gives a Positive assurance | of = 7 
the safety of the building, and at the same time does not oceupy any 
space outside the wall, thus contractor has, a lot free from all 


obstructions. 


Some of ‘the tall buildings in New York on. 
ome oO e ta nh 
Some of the tall buildings in few York City are supported on 


foundations “a patented type composed of steel- encased 

piles, heavily reinforced throughout, and driven to place in a manner 


somewhat similar to that used in sinking other encased piles, ‘except 
that a “pneumatic hammer is used in connection with: the water jet. 


‘The shell of this pile je is generally ‘in. in ‘thickness 12 in. 


: exterior diameter, the sections being joined by” inside ‘couplings. The 7 


reinforcing rods are inserted in sections, \ which | are fastened d together 


an effective mechanical deviee, and form a ‘continuous: rod. 
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CONCRETE PILES 


City has given ‘this much higher value than any other, 


namely: 350 Ib. ‘per in. on the concrete in compression and 4 200 


lb. per sq. . in, on the poten life of the steel in the ex exterior shell 


is somewhat doubtful, as it is ‘subjected not only to the. oxidizing 


| 


_ influence « of the ground- -water, but also to > the corrosive action of gas 


in the soil, and to. ) stray electric ‘currents; therefore it should not be 
considered as as a permanent element in the strength of the > pile, 


cost per linear foot of the made-i “in- place class varies s with the 


| type e of pile, ‘amount of reinforcing, the size of the contract, the : accessi- _ 


bility” of the work, the sub- surface conditions. As no two pieces 
work are alike, it is difficult | to | give “more than a ge general idea of 
the cost. In ‘the representative typ pes of this class” the cost will vary ary 


75 cents to $1. 50 per linear foot of pile, depending on the fore- 


going conditions; the steel- encased -varieties more expensive, 


casing alone costs more than the above-mentioned p1 price. 


Concrete. ‘piles of this class should always be reinforced in order * 


to provide for. all cross: -strains to sub-s surface conditions or those 


which may t take place during: construction, and while the pile is sil 


"green, particularly, when the length of. the pile is ‘more than 15 ft. 


Piles” of this class better adapted to lengths of less than 30 ft., 


while, ‘for greater lengths, a moulded type is more desirable, ; as there 


s doubt as to the homogencousness of the. conerete when it is 


“of concrete moulded | ty 


‘patented of the first class, are more 


kno e unpatented, 4 They also ‘differ from « each other in 


shape, eross- s-section, and ‘method of reinforcement. The moulded pile 


was first developed i in Europe, and is used extensively there, and also 
in the United States, for piers, docks, and similar structures, for 


which it is specially, adapted. Iti is also being used i in the foundations 


of buildings and other structures where subsoil conditions are favora- 


and. especially where Jong piles are desired. Piles of this ‘class, 
‘more than 60 ft. in length, have been successfully driven 1, pulled out, 
and re- -driven several times | without showing any signs of weakness. 
7 


reinforced to stand the rough handling, to which 


earthy ma is replaced by concrete, 
in the manner heretofore described. On account of the large area 
4 
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ted in » transportation from th moulding yard to the 


site and in being placed in the leads, as they are sometimes hauled 


_ up by a line attached to the butt of the pile, instead 0 of by 


which would lessen the strain, The driving strains are 
= and it is thought by m many ny that a a pile v with reinforeement should 


not be subjected to the impact of a hammer; but ‘many piles have 
been driven in this way, and later pulled up and r re- e-driven, without 


any y damage by the hammer. one instance an attempt 
ade to destroy a pile by hard driving, but the andl effect was to 
mash or ye the butt. (of t the pile for pions ft., the remainder 


being ‘uninjured. 


of the inoulded piles ; are e driven in into ; b but, when condi- 


provision is 


> 


Reinforcing Bars 


‘Tron Band 


‘driven into som 


of adjoining property. 


ul MOULDED, CAST, OR 


— 


oe SECTION AND ELEVATION 
OF DRIVING CAP 


e ‘Provision is ma de for cush oning 


“MAING OL AGVaY 
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O NI-davyq ‘gq 
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a they are subjec 
— 
— 
| m de for jetting by inserting 
city work it is seldon 
zer to the foundations 
— insertion of a false pile 
is usually done by the insertion « 
a 


‘q ‘DI 


Id 


ISSVIQ aC 


I GaSVONG WHO 


N 


¥ 


ONITAVAL 


2 


— 


and the head of the p e, the had driving head being held in p position — 


on the pile by an e ire ing metal cylinder h held securely i in place, 

‘Piles of t are moulded either horizontally “vertically, 

variety being ‘rolled of ‘moulded or cast cast. The vertical ag 


system of moulding is | the. more expensive in time and labor, but, 


~~ thoroughly done, it produces a good pile. ‘It i is possible to effect = = 


considerable saving in| forms alone by the as the 
upper portion or lid of the form for equare oF polygonal cross- “sections 
ay be omitted entirely, w hile the side pieces can be removed after 


24 hours and used again, thus” Teaving only o one 1e portion— —the bottom 

-piece—tied up up by each pile. In the vertical method all the sides of 
form for ‘the pile must remain in place until the pile i is strong 


enough to ‘stand alone. On a large installation | quite a sum of money 


One of the best known t3 ty pes ‘att this class, and among the first ae 
be invented and practically applied, is a straight pile of square on ee 
n with the corners slightly chamfered. is reinforced with 
in. rods, one near each corner of the > square, and connected with 
other at “intervals: of 12 in. by diagonal and straight wire ties, 


n thus ‘be sa saved on forms, and, naturally, the he horizontal ‘method _. 


the lower end of the e pile being protected with : a | pyramidal me metal shoe * 


in the lower end only, by the insertion of a piece of -wrought-i iron 
pipe, about 3 ft. long bent in such a manner + as to ‘extend d from 
enter of the point to the outs ide of. the ‘pi 
an outs “connectior ean te made an 


firmly ‘attached to. the reinforcement. Provision for jetting is made, 


“same time a more pile, “This | type has been en used in al all 
kinds of foundation work, both i in the United States and at abroad, _par- 
“ticularly i in structures along” water ‘fronts, bridges, buildings, ete. 
Another | well- known type. of ‘the moulded’ ‘pile tapering ix in ‘shape, 
6-16 in. in diameter at the butt and 11 in. at the point. _ It is ‘octagonal — 
in eross- section, each of the faces of ‘the octagon containing a . 
circular longitudinal: corrugation for almost its entire length. Tt is 
reinforced throughout with Clinton woven- -wire cloth, and a 
ening, for jetting purposes, is moulded i in the concrete by ‘the use ae 
of a tapering thus obtaining 


“water at ‘small expense. 
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ing can he. ‘filled with grou rout and fine a 
pile. driving-head, somew similar to that previously i 


used with this pile wh en 


claimed: for this that, as as ‘the ‘corrugations in increase tn al 
a, ‘its ‘its bearing capacity is inereased correspondingly, and the cor- 
mugations assist in the the eseape of the water, making it more 


third type, circular in cross- -section, formed in an entirely 
different manner, in it is not moulded or cast but is rolle 
mechanically into ‘shape. A sheet of ordinary black wire fabric, of 
We 16 gauge, with 3-in. mesh, and of the length “required to ‘make ‘the 
aay - pile, ‘is attached | to the rod which serves as the > winding core and later 
—_ a part of the re sinforeement of the | pile, by ‘small rivets ‘driven into 


holes slightly smaller. ‘The other edge of the sheet is attached to a 


movable platform v ‘hid is pulled toward the core as it is wound up. p. 


On the r reinforcement — is 


‘a 1a lay yer of fine concre e mass is then we 


a jelly ‘roll, and fastened wit wire ties eve nig im, 


ree 


‘quently where needed. In ‘son the Jater piles the me method of 
“fastening the ‘the outer: edge of wire cloth has been changed! by 


omitting the wire ties and substituting a rivet with its end upset so 


“that it i is slightly in ‘diameter than mesh th with this cloth. These 


together. 
that, without the pile is rolled ‘therefrom to 


the car which is to carry it to the ‘seasoning y yard. ‘The platform of : 
the car also inclined, and , when the ear reached the yard, the 
pile is ‘rolled to its s place ‘on skids. By this method no large 


except. the: rolling: devi ice, is” required to 


formative ‘stage. ‘these piles ; be 


driving head i is used, and when ietted, wrou 
forms the winding core. 

driven, pulled for to and 1 re- driven. 


7 


instance an attempt was made to a pile wo over- on drivings 
later the ‘pile was pulled cup and ‘the only injury was the 


ig 

— 
d 
= 
— 
— 

va 
— 
a 
4 
— 
— 
— 3 
iii 
— upward, and, as the pile is rolled up, they are forced into the mes 1es 0 ) a? 

— 
— 
— 
— | = 
gg 


PAPERS, AM. SOC. C. E. 
MAY, 190% 
COLEON 


4 CONCRETE PILES. 
— 


PLACE Cuass: : FOUNDATION Rrapy FOR Cappine. 


— 


mi ashing or brooming o of upper ft. ‘This. type been in 


foundations of some of the stations of the Brighton Beach Railroad, 


in B rooklyn, N. Y. , in filled ground. - has also been used in — 


At Kansas ‘City, Mo., solid” piles (unpatented) were 


in the foundations of the Sixth Street Vi aduct. These piles 
ae horizo ontally and, when given sufficient time to harden, 


al Cail 


were AR placed. i he contract was let i in n the fall, and as it was 


“became necessary to use some creosoted piles, 
Moulded concrete were used during 1908 in the construction 


Island. These piles 


jetted 15 ft. into ‘the by use a twin 
construction of a pier er at Atlantic City, a few years ago, 


use ed a moulded concrete pile with a bulbous" end of much 


meter than body of the pile. These ‘piles were 


jett 


o place. pile was 25 in. diameter, and 


test diameter was; 3 ft. 6 in, 


pine in the 
During 1908 a ‘moulded pile of the same general s _——— was used in 
the construction of a boardwalk at Atlantic ( City, N. 
In 1906 ‘the Atlantic and Birmingham Railroad built two piers 
at Brunswick, Ga., on moulded piles somewhat like ‘the pile. of this 
class. which 1 was: -deseribed first. The piles were 16 in, square, and were 
straight, ¢ ‘except that. the lower 10 ft. t. tapered to 8 in. square. at the 
point, and the edges were chamfered. ‘The top of each pile, for 22 i in., 
10 by 16 in, to allow of a. bolted connection with the ‘wooden 


of the superstructure. ‘They y were reinforced with four 1g-i -in. 
in ‘position at 12-in. intervals w ith wire clips, and fastened 
jet” ‘pipe at hese ro Wi ithin 


wire fabric, About 1 500 of 
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-were moulded horizontally, and were 

in. square at the point, with the edges chamfered; they were re- 3 
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32 to 50 ft. awe 

lustalled. One would naturally expect that timber piles would have 


5 


been as Brunswick is the port for yellow pine and 


not last 


these new piles make a permanent pier and w 


ay for its inetellation, even though may be cheap. On 


power-t r-house foundation at Bridgeport, 


banks | oa 


¢ he timber pile was driven about flush \ w with the surfa 
then a hollow, steel. ‘pipe follower, 12 in. in diameter, was used to 


drive it below water level. follower was then filled 


“crete and withdrawn, leaving the conerete in place on the butt 
the pile. ‘mechanical bond between the timber ‘the conerete 


a was obtained by the use of long metal dowels which v were driven into 


‘the butt of the timber pile before the follower wa s pla ne in position. 7 
“Moulded concrete piles, of rectangular ion, and having a 


male and joint on “two edges, have | 


held in position by dive at regular intervals. These sheet: 

are installed in a manner similar to that heretofore ‘described, 

ly jetting « or driving, or a combination of both, as may be desirable. 7 

There are use to- o-day n many other v varieties of concrete piles 


which differ in some from described, either | in the 1 


forcing, the shape, ‘the method of installation, but their 


risti ll place | —_ in one of t these e classes, ae 


wi 
erent 


vile whether the ‘tapering or 


has the greater 


The taperin 


the ‘straight pile ‘relies on skin 


Use 
a: 
cross-section, W 4 
| 
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‘the relative bearing 3 
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its surface, and. on its “strength as as. ae olumn. “The 


amount of skin friction developed | by any pile “depends, not only on 
the character of its’ surface, but also” on th e area of that surface. 
Considering for the pr present only the area, and assuming piles 
e siz 0 


of equal length having butts of the game size, one tapering 
throug out, it will 


6 in. at the point while is straight t 
a 


found t that the straight: ‘pile has | a larger s surface area on which to ee 


rely an skin friction, and has a larger bearing surface at the point. 


Tf these piles are each 14 in. at the butt 2 onl 20 ft. ong, , the tapering» oS 


“pile will have area of 52. 36 sq. ‘ft. as compared with 73. 30 


sq. ft. for t the he straight pile; while #1 ‘the point area of the tapering pile 
will be 01 196 sq sq. ft. and that of the straight pile 1.069 sq. ft., , the latter S 


having almost area available to transmit its load 


as much volume, which also ‘represents its displacement. aes 
a relative compressions may be seen by Tabl 


IN INCHES. IN FEET. Surface Area 


Butt. Point. Butt. | Point. | Butt. | Point. 


= the two pile again, for the purpose of soowteining the 
“wative frictional “values of their upper and lower parts, it will be. 
found that the tapering pile has a much larger of its 
area in the upper than in the lower zone, which 
that it must depend o on the upper layers of the ground for the ——. 
part of its supporting power, while ‘the straight pile has its “surface 
area uniformly | and the strata through 


‘Ati is apparent ie Table 2 that 32. 5% of the _— of me taper- 2 


ing pile i is in its upper quarter while only 17. 5% | is in the lower quarter. 
e Building Department « of New York City allows 15 tons per sq. ft 
on rock and 10 ) tons sq. or clay, when foundations 
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CONCRETE PILE 


driven ‘to ‘the e firm gravel, 80 that it can act as a column, the 


"tapering pile, with its 0. 196 sq. ft. of aren at the > point can transmit: 


as a column only 1.96 tons, leaving the remainder of t the load, 18.04 : 


ons, to” be "supported skin- friction, and 2 about ‘one- third of this 
to be supported by the upper stratum of the ground. The 
ae straight pile, having 1.069 sq. ft. of area at the. point, can sustain as a 


column 10.69 tons, leaving 9.31 tons to be carried by | skin friction, and 
- * out one-quarter of this, or 24 tons, would be supported by the up; ail 


SUPERFICIAL AREAS | PERCENTAGE 
CIRCUMFERENCES, ZONES, oF ZONE AREAS TO 

IN SQuARE FEET. ENTIRE PILe. 


Tapering. | 


‘One-half 


i 


= 


The b asic reason for the use of piles fe is the 
‘surface ‘ground at the site les not stability to ‘support the 


therefore piles are used as sa means by which to it to 


a a lower and more ‘substantial ‘stratum. - Structures supported o on taper: 
ing piles, in districts subject to floods and the scour of currents, are 

fikely to settle seriously if erosion takes place, and, under these 
conditions, the piles should b be driven | to a oe “on stratum and not 


‘rely on ‘the the upper o1 one to support th the Toad. 


Th ortin ower of a pile due | to frictional resistance depen ds 
~The supporting pc of a pile ‘io frictional resistance ce} 


whether the surface | of the ‘le is smooth. or rough, 
rough-s b-surfaced concrete pile wi will have ‘more sustaining power, ue 


4 


that element, ‘than a pile | of the same. size a ‘smooth: metallic” 


ave carried down throug 1 earth by 
— al 
— p 
— 
— 
— 
— 
4 
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Papers. 


also de ends on the 
p 1e ‘material i in it is which may be 


4 


any of | these features i in ‘combination with those above mentioned, : 
therefore it is important to study ‘carefully all all the ‘conditions of each 
which type of pile to adopt. 


nd not 


thing from a fluid muck to a ‘solid gravel or clay; it is possible to have Ps - 
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mit ag 
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copyright law enacted March Ath, 1909, to go into effect J 

Ast, 1909, ‘contains provisions which may be be of “great importance to to 

engineers, in that it provides specifically fi for copyright. on ‘ “Drawings: 

(or plastic works) of a scientific or technical character,’ ” and i in ‘that 


the securing of the copyright i is made an | extremely simple n matter. i. 
ie to the passing of this law ‘there has been no certain pro tee 
tion against the pirating of designs for engineering structures. Where 
a design | though new 7 has involved only dl the skill of the ¢ engineer, it” 
been unpatentable, and unless the wc work could be “classed 
the fine arts ‘there has been no reasonable hope of protection by hyd 
‘right. In 1 many ‘cases designs involving a high degree of engineering 
skill and gotten up at great expense have been copied by ‘others with 
moral justification whatever. N ational, State and city governments 
oo parties ha have asked for bids to be > accompanied by original 


a designs and have "appropriated the design of 1 one bidder and let the 


from the piracy of of | or the fine arts. 


= _ * This paper will not be presented at any meeting, but written communications on! the 


ubject are invited for it in Ti 


— 
and 
— vor 
— 
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foll 
trati 
draw 
4 draw 
ay : the 1 
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(COPYRIGHT IN DRAWINGS 


® is — that the new law will put a material check on such | 
practices by. reserving to the proprietor of f such drawings the sole 


right of printing or copying them. It is doubted if ‘the law can be 


‘invoked to prevent the building of the structures shown in such draw- 


‘ings, with the possible ‘eacaption of works which ior be classed ir 


f the 


poo 


drawings, however, should substantial “degree of protection, 


and the ease with which copyright can be secured makes it ae, 


worth trying for: whatever ‘protection can be secured. 


The ‘language of Act relative to technical drawings is 


“That the application for 1 shall to which of the 


following classes the v work in which copyright is claimed belongs: 
(t) Drawings 0 or r plastic works of scientific or 
character.” 


‘Taken in ssh ‘with the remainder of the law, there is ile 


“that of the Act would authorise the deposit and regis- 


tration in this office for ¢ copyright protection of drawings of a scientific 


| The view ow of the Register of Copgrights i is: 


ot technical character such as under the present law would not be ae 


cluded term ‘drawing,’ which seems to be confined 1 to artistic 
drawi ings. Examples « of such works would be drawings for machinery, — 

for engineering construction, for architectural works, ete. | While these Bi 
drawings have to some e extent been registered in the Copyright Office 


the registration whether copyright protection “would follow 


otection is extended to. “all the copyrightable parts 


of the work,” such ‘for oxemnipiie as | the drawings | relating to any com- 


Plete and mentally segregable part of ‘the whole structure. 
Copy: right is secured by publication with the ‘required notice 


ia copy; or, where “not reproduced for sale,” by depositing a aie 

Hhotograph, or other. reproduction with the Register of Copyrights. 
ut engineering drawings are usually offered for sale ) (as part of ae 


bidder's work), in such cases, the copyright i is secured by affixing 
a notice of copyright; and after thus securing the copyright there — 
must be promptly deposited i in : the Copyright Office two complete 2 copies. 
= permissible forms of notice are provided. It is sufficient Boga 
if to sheet of drawin 


| i 
7 
= 
— 
\L 
| 
t July — 
awings 
in that 
protec 
let the 
but not 
ia 


ve 
iD with the name of the proprietor and the date. tt is customary now to 
apply ‘the name and date to - drawings ; ; and the addition of the word 


“Copyright” ig the simplest matter i in ‘the world. For what it is Ww worth 


apparently it will sometimes be worth: the word ‘ “Copy- 


be added to all original drawings and cof copies thereof, 
the case of ‘drawings of especial value ‘it is advisable also” to 
copies promptly with the Register of Copy rights and to sec 


a certificate of such deposit, ‘go as to. obtain the apparent sanction | of 


the Government, and to such on face of the drawings. 


opies ma y be de delayed 
it is ten or suit for infringement, 
The securing of copyright is probably effected by the “mer 
= deposit « of copies i is an additional formality which, though required 
to made ‘ “promptly,’ and though a necessary preliminary step before 
for infringement an be brought, does not seem necessary to the 
curing of the rigl 
—~ Copyrighted | works may be sold or furnished to others with any” 
lin tion upon their use. For example, a bidder may 
furnish an original design with a notice of copyright and 8 special 
notice that the copyright and the copies submitted constitute parts: 
of the bid and remain the property of the bidder i ‘in case his bid is not 
‘ accepted, and that the baci is not to be copied | or submitted for bids 
An interesting ee of ‘the new Jaw is the apparent sanctioning 
actions against | the United States. and officers; but much weight 
cannot be e placed on 


n this construction, in view of the 


in the general law against actions “sounding in “tort” ” against the 
States . Cont no remedy for. wrongs 
mitted by the 


“express | or T he p rovision of the new “law “bearing a 


specifically to he recovery of costs in ‘suits for infringe 


“except when or Ss. or any officer thereof, 
full costs: hall be allowed, and the court may y award to the prevailing 
‘It is unnecessary to consider the question here at Tength, but it 
enerally that after a tort is committed by the | = 
States there i is no adequate remedy, but an | injunction may | be secured 


{ 

a 
— 
— 
— | 
| 
tT 
— 
it 
= 
— Li 
— 
— 
it 
4 
— 
al 
cop, 
— 
— 
— 
only, 
— 
of hi 
= 
—— 
— 


COPYRIGHT DRAW WINGS” 


a ‘repetition of it; and perhaps, if one has sufficient notice s 


an ‘intention to infringe’ the copyright, such’ infringement can be 
i= in the first instance. Possibly the framers of the law ha 
in view: when they above 


The Ac et provides also that: “any person who willfully and 


y be punished by a fine and 
rofit” infringes a copyri it ‘ma e unis 1ed a fine and im 
| ment; and an infringer who had received such a ‘special as is 
above referred to would infringing willfully and for profit, 
hesitate to run the danger of fine and imprisonment. 
naa Under the old copyright law there were e only a few cases in which 
: i. was 1s attempted to secure a copyright ‘upon a purely technical draw- 
‘ing. Tt was necessary to enter ‘the drawings the office of the 
i. Libra: rarian n of Congress, and the Register of Copyrights ‘permitted : such 
entry: only under protest: ‘and w vas of. the that such drawings 
were not -copyrightable. The validity of the | copy yright was 
any 
doubted. 3 new law, which specifies such v works | particularly a: as one 
ow 
the “classes: in which copyright may claimed, and per ermits the 
and p 


securing ‘of the copyri right by applying to the drawings a a notice that 
parts: 


i ae copyri ight is claimed, is a material advance toward the protection of a ne 
is not 
> bide kind of intellectual property of of far greater dignity and usefulness than : 
or bids 
and similar ‘matters, to » which the previous” law had 
z= extended | protection. To quote. the language of the Constitution “upon 
which is is the power. of Congress to make a copyright law, 
el drawings more “to promote, the progress of ‘Science and useful 4 
arts’ ’ than many of the classes. of work provided 
~ a e The practical value of the new law to engineers cannot be predicted. ; 
We can ‘only hope. It cannot be used to protect ‘funetional equiva: 4 
ents of the thing represented by the drawings. ‘That is the purpose 
al af the patent law, and | protection thereunder runs for seventeen years Py ea a 
il only, while copyrights: may last fifty- -six years. It is quite possible for i 
the courts to construe new law so narrowly as to destroy its value. 
theret® ‘But it will probably be | construed so that, it will protect the engineer 
rev vailing 


the copying we others of the substance or of 


any material part: 
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"AMERICAN SOOIETY OF ENGINEERS 


onsible, a as a a body, for the | facts 


view justly the which ‘has been made in 
developing to the present time, ¢ , certain premises 


established, climatic conditions| realized, the trend of population, 
“habits, and occupations of the people p pointed ‘out, an , above all, the 


peculiarly favorable topography of the ‘country described. 
population of Canada is familiarly spoken of as agricultural 


r 
ro character, but this is only relatively tru mm 2 as large and important — 
industries flourish throughout the Eastern Pro vinces, and, indeed, it 


is painfully evident that ever in ‘this ‘young and sparsely ae 


enn the increase in population is almost entirel urban in char 


acter, except on the > great wheat plains a the Middle West. 


Lae Industries are based on labor, raw materials, and power, and only 


in 1 the last named would the ultimate conditions be unfavorable “a 
~ continued progress if coal were the only source of power to be relied 
on, because Canada is very peculiarly situated as regards its coal areas 


NoTE —These papers are issued before the date set for presentation and ais 
cussion. . Correspendence is invited from those who cannot be present at the 
meeting, and may be sent by mail to the Secretary. Discussion, either oral oF | 
written, will be published in a subsequent number of Proceedings, and, 
closed, the papers, with discussion in be published in Transactions. q 
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-ELECTRIO IN CANADA 
our areas are at present known, as follows: 


The Nova’ Scotian, which is is on the seaboard, a and 


produces | a bituminous coal, far westward 


Souris, v 


he ‘Alberta, which covers a very large area extending fr from the 


United States ‘boundary to north of Edmonton and from the plains 


well up it into the Rocky “Mountains, the ‘quality ranging “from lignite 


to anthracite, os regards both quantity and quality, ome 


of the most coal ‘deposits in the world; and 
The Vancouver, which is extensively distributed over the 


up some of ‘the mainland valleys, chiefly developed 


| to the Pacific Const cities of the United State. 


Thus it ‘appears that “coal is available on mn the extreme west ‘and 


east, but for 2 000 miles, ‘covering much of the most populous and 


center of the country, it is necessary to in import coal from the 


From a hydraulic “however, the has be en 


favored, as a it p will § show. 


The ‘Hudson § Sea i is ¢ 


the sea, is not of a mountainous character, but is a perfect network _ 


d affords a good reservoir and 


of lakes, swamps, rock, and forest, an 


regulator for hundreds of large rivers, which, as they reach | the parent — es 

St. descend over precipitous ‘Laurentian admirable 


t and 


ers re 
peri riod of autumn rains, the ¢ of 


areas. 


; 


‘two ) diverse "regions: : s: the ea 


— 
— 
— 
— 
— 
— 
&§ 
— 
t waters flowing to this sea and_to the 
tion, nage system is from 1200 to 1500 miles long, and, Mes ae 
4 
tural 
rtant 
ed, it 
lated 
from 25 to 40 in. per year, with no marked tendency to drough 
the long wint 
ble period often merg 
relied = Water is not in m — 
§ winters. On the great western plains the topography and climate both =——™S es 
great western plains the topogr 
nad 


throughout the summer, so th tows water is in the 


late | summer and autumn. 
Along: ‘the Pacific Coast st there is an excessive ‘rainfall of from 
100 to 150 in. per year, but it is + distributed unequally throughout the | 


= seasons, and only by 1 making se of s storage lakes « “ean extreme low- 


Until twenty years ago, hydraulic power often formed the 


of of growing industries determined frequently the ot the 


e lar ger ¢ 


rail and water transportatio 


from sources 0 power. 


! 
cities a for the of ‘light from 
ces, and private companies, and in some cases municipali-— 
ties, have invested large sums in hydro- -electric constructions and t trans- 
mission systems to serve the adjoining districts. 


Lawrence are far the ate st having 
mil eS, 


undpoint 


On the configuration of the Provinces of 


Prince: Edward Island and Nova Scotia does not provide large drainage 


areas, and, Presence of extensive > coal 


of 500 kw. - at the the pit electric is 


d at 000 to Amherst 


character i in other parts all America. 
Farther westward in New Brunswick, ere exists the condition ie 
Canada, namely, rivers large drainage areas, 


— 

® 

— 4 
— 

— 
— 
j 
— q 
— 
— ie Mackenzie, Nelson, and 
drainage areas of 660 000, 
but, outside of these, there 
; 
he 
ive installations of a similar 
but the pioneer o1 much more extensive 1 
ty 
i. 
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ELECTRIC POWER 


“feed these rivers throughout the | dry ‘months of August and 
indeed, it is usual in Canada to find. the extreme low-water period in 


‘eee March, , before 1 the frost t has ceased ti to hold the moisture re from flowing. 


The Miramichi, Restigouche, and St. John are great rivers, 
extensive > hydraulic constructions | be expected for grinding pulp 
alone, in. addition to serving ar- -by towns and cities by transmitted 


most interesting and extensive ae has been com iced 
Grand Falls, N. B., by the Grand 
: St. John River, with its sources in ndréds of lakes of ‘Northern 


For these hydro-« -clectrie works the type of construction which has 


1 selected is of ‘vertical, 10 000- 3- “phase, 25- -eycle, 110 000- 


as volt units, operating under a head of 130 ‘ft, and nd the designs, under 
1 contr: nets for the construction | hed the works are > about to be let, 


ferro- -manganese | smelting, pulp grinding, aoa to the 4 
iles), and St. John 


— 


cities of W oodstock: (70 miles), Fredericton (125 m 


miles). An interesting feature of the design is ‘that the gener- 


ators are to be placed i in the wheel- immediately above the turbines, 

a provision for the proper ventilation of this subterranean 


u 


ater- proofing to ensure ‘satisfactory | y electrical — 


as well as care a 


an 
gonditions, he tu tail: race will be “placed entirely | below the: 


level of the race water, and the draft- tubes from. each | unit, 


hore, will be brought into the top of ‘the tunnel from | one side of the 


this, it will be noted,’ is a ‘variant ¢ on ‘the methods | adopted 


whee 
the ‘Toronto ‘and Niagara Power Company its wo orks at Niagara 


PAciFic 


On the | Pacific ‘the | hydraulic conditions are v y y different 
those in other parts of Canada , for ‘great mountain ‘ranges 

not t good reservoirs, and, al although ‘the “glaciers feed ‘the rivers 
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HYDRO- ELECTRIC POWER IN CANADA _ 


volume; the excessive ‘Fraser River, for instance, 

it unsuitable for hydraulic development for power 

a Near the Coast, however, the rainfall is excessive, and the existence 

> an small lakes has facilitated the construction of several interesting : 

developments, serving Vancouver and the adjoining territory. As in- 


stances, ‘those of the Stave Lake e Power Company and the Vancouver 


erp - The works of the Stave Lake Power | Company, now under construc- 
are (85 miles: of Vancouver, on Stave River, where a head 


of 90 ft. aes be utilized. ‘The drainage area, ¢ estimated at 360 sq. 


miles, provides sa large volume of water, owing ng to. the excessive rain-| 


fall, which varies from 100 to > 150 in, year. _ The fi flow in 


estimated to. vary rom 


equipment, as at present de aca ye will o consist of fiv five units, each 


000 hp, an and it is considered that he: ‘electrical output from this 


+ in Vancouver, cand West- 


a 


ward In 


water of ‘Coquitlam 

—— 
Q- “mile tunnel 
"having a section of 73 sq. on the water required for operating 

the plant is conveyed from the Coquitlam drainage area, estimated 2 at 
gale es sq. ‘miles,’ the run-off varying from 300 to 5000 cu. ft. per sec. 


Sader an excessive rainfall 150 in n. per year. At Butzin Lake 


the water. is the head- works by steel pipes ‘to power: 
eae “house 1800 ft. distant, and located at sea level, 400 ft. lower, 
ment is typical of the Pacific being” 
: ur r units, e each of 3 000 h. Dp; two Pelton wheels ols 
ive a a 2 300- 0-volt generator at 200 rev. per 


ddition to which there is also a of a 


equi havin a a total ca 29 000 h. 
The electric current from this station is stepped up to 23000 
— volts and transmitted to Vancouver, New Westminster, Burnaby, Lulu 


Island, ind elsewhere, a nd ‘is used for operating electric ays, 


— 
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— er is 
— _ 
= 
= 
installation a good prospectiy 4 
minster current | pitted at an ultimate 
— Vancouver Power Comy has a most interesting 
= 
— 
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— 
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‘salmon canneries, ‘car shops, 8 saw- mills, and for ‘general municipal 


4 The transmission line consists 0 of double towers carrying 


“circuits of 3- phase, No. 2, B. 3. & S., copper cable, and er crosses 


phe 
PORT 
a 


TOS 


"CANADIAN POWER TRANSMISSION 
fe: VANCOUVER DISTRICT 


4 


7 


son of 2780 ft ou 


= total s 


| 
‘ 

| 

a 

spended 150 ft. 

length of lines is 135 miles, end 

ee ng capacity at present in service is 14 650 kw. at ca i. 

tion and 16400 kw. at the various 


‘these transformers are air-cooled, and are re of different to 


- maximum of 2 500 k kw. per er phase. 


In the interior of British Columbia n—almost 


EYDRO-ELECTRIC POWER IN “CANADA 


engaged either or “mining, thus it it that, | 
- aside from small developments at Revelstoke and ‘Nelson for municipal 3 
purposes, the only interesting hydro- electric plant in this is 
i: that of the W est Kootenay ‘Power Company, built to serve the mines _ 
and smelters at Rossland, Trail, and i in the Boundary District. It i 
= located at Bonnington Falls, on the ‘Kootenay River, 9 miles west of | 
Nelson, B. C. Fo on th the new power- “station—which supersedes a smaller 


owing to the considerable variations in t tail-ra “race level, caused by 


gorging ng below the falls in high- water periods. 
hydraulic head varies from 65 to ‘85 lat a heh 


water, 


adjoining station previously y built—the design is of the vertical 


ft. per sec., being the run-off from a pen ail 


5 


ous 
area of miles, which, owing to the lacial sources 


the ‘iver, gives a low- water period in winter and Righ-water 

period in The station is a very interesting example of 

-draft- tubes of the turbines, and is constructed for a1 an n equipment of 

four units, each of 6000 h.p.,. nominal rating, with the “turbines of 
300% overload capacity. At present, two units installed and a third 
has been ordered, in addition t to which the old station has an equip 
of 2700 kw., and, when required, Serves Rossland and ‘Trail over 

a 31- -mile, cedar-p pole line” at 20 000 volts on No. 0, B. 


At the larger station, the triplex, ‘high- pressure, oil- thrust pumps, 


ete., are along the lines of the Niagara works, 
il to the -_thrust- bearings at 250 Ib. per 
by ‘the P. Morri is Company, 


spectively; and it 


— 
os 
er 
i 
Be 
. 
on 
3 The step-up transforming station supplies 60 000-volt eurrent or 
— new cedar-pole transmission circuits to Phoenix Mines and Gran¢ 
Forks ond tn t 79, 69, and 83 miles, a 
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HYDRO- ELECTRIC CANADA 


water- -cooled transformers, each 1850 kw., “nominal ‘rating, , each 


three- -phase | bank being in a fire- sent ‘compartment; 4 th g 


of three single- phase, 250-1] ‘kw. held in reserve for 


Rossland and’ Trail Districts at 20 000 volts i in the event of a shut- 


~ 


down of the older station. 
The uses from this station is s adopted, 


y induc on ronous ‘motors, 

‘smelting, handling of ‘various machinery, pumping, air com- 
pression, and ‘general "industrial and municipal purposes. 

_ The to total transforming capacity in seven sub-stations is 31000 kw., 


the active connected load is is 21 000 h. 


Crow’s Nest Pass: ‘coal a areas, | but the competition i is not 
in so far as service in the mining district is concerned. en 7 . 
7 


is also anticipated that some of the mountain 
will become electrified in the near future, as the operation of rack- 


_-Failways o on n 43% grades | has not proven s aa or economical. _ 


most interesting feature of these works is 


nous on a su stantial but ordi ary -pole 

This is in sharp contradistinction to the prevailing tendency in the 

level districts of Eastern Canada, is considered 

se steel | towers with long spans | for high- voltage | trans 
“2g mission, a, but doubtless the decision was influenced by the inaccessible 
nature of much of the country traversed, the plentiful supply of large 


cedar timber in British Columbia, and also the high ‘freight rates on 


; structural steel, to the interior, from the Pacific Coast. _ 


e adjoining and lead smelters at Nelson, B.C. Ww vill be 
‘supplied by these vorks or by the municipal hydro-electric works 


of the City of Nelson, on on the other side of the river - from the large 


This municipal power- -station has n capaci of 5000 h. -p. and 

, ased to 2.500 bp 

by the installation of a ‘second vertical unit. “The construction 
has been carried out on a basis of four units having a total capacity 
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cast of the Reds in , there 


two great river basins, with many subdivisions, but these th 

Mackenzie River, emptying into’ ‘the Arctic ‘Sea, lies 
uninhabited region; however, it is interesting to note that eee 
3 and settlement will soon change all this, and, undoubtedly, in a few 
generations populous | communities v will occupy the water- -sheds 5 


“this river, and will ‘require a! all the tools 
_— the ele electric current f from hydro- -clectrie s ¢ stations. Flour mills are 


-waters of the Peace Atha- 


asca River 


itself. the inhabited portions of the of Manitoba, 
Saskatchewan, and Alberta, a, except a small a area “tributary to 


Missouri and Mississippi Rivers, 3 are drained by. the various tributaries 


the Red and ‘Assiniboine, ‘and the 
a hydraulic point view, each of these rivers exhibits distinct 


The of 125: 000 sq. miles drainage rea, rising 


electric to be erected head-v ‘waters of the Bow 
River. Doubtless, as 


undertakings will be carried out to meet pri requirement of near-by 


Eastward of the -hills, however, the conditions: 


the main | branches become chiefly dependent on the precipitation aay 


plains, which is rather light and either evaporates “passes: 


oft in spring or or autumn floods. The ‘country also 


‘plains, and h e t gr 


— 
— 
| 
) 
— 
— 
ck- 
— 
— 
-ans- from elacier "thr 
sible gorges, offers, near its sources, reasonable opportunities for hydraulic 
large development, and two companies are already active in the preliminary __ aa ae 
be 
re 
and 
00 bp. 
s and shifting silt and sand bottoms where 
@ construction would be difficult and expensive. 
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the foot: hills, i is adapted to hydto- electric and, 


ae as ; there is coal 0 over a lenge proportion 1 of this vast area or near it, it is 


‘not probable. that such constructions will ever be numerous, extensive, 


this 250 | miles north of the City, of Winnipeg , the 


sses through | a series of small lakes and then, 2 at G 


qui to the evel of Lake Winnipeg. ‘The chan 


for a power development att ‘that point. 
‘The Red and Assiniboine branches of the ‘Nelson ‘River, with a 
rainage area of 105000 | sq. miles, are still more unfavorably located 
er hydraulic purposes, as the drainage basin is entirely | in La plains 
where there is light rainfall and very little lake storage, thus 
the minimum Tun-off is extremely small in 1 proportion to the areas” 
with the e exception of a few quite 


=a drained, as a “consequence of which, 
insignificant opportunities, they may be written, off list. of hydro- 
electric districts, not only for the ‘foregoing: reasons, but the 


flood levels” are re usually bank ‘full, and sand and silt bottoms, over 
wide flats, “present expensive for dam constructions. It 


may remarked in passing that this drainage area is devoid of 


— 
oe “coal, “except for the lignites of ‘the Souris, Valley; and the price of 


fuel ax and power is excessive, except where the ‘coal supply is local 
transmitted electricity from the eastward is possible. 


ae —— The e Winnipeg branch of the Nelson River drains an area of approxi: 
grat mately 55 000 sq. ‘miles in the State « of Minnesota and i in the Provinces 


of Ontario ‘and Manitoba, and, from its peculiar ‘topographical | fea 


tures, affords one of the most favorable. locations for the 

of hydraulic power in Canada, excelled perhaps only by the Niagara 

ee and the St. Lawr rence and superior in some respects” a 


This con | condition i is somewhat, but not greatly, | offset et by the he moderate 
rainfall, which i is only from 20 to 25 in. per year over the main ares 
Be but, aside from. this, there is a most extensive network of lakes (of 
the location, throughout the ‘northern portion, has been, in 
any unmapped until recently). of 
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of all sizes, 


River branch, westward of which the t 
near the eastern boundary of - 


“hydraulic constructions have been considered seriously ‘except 

Dryden, as the country is inhabited only at a few ‘points along 


he Tine of the | ‘Canadian Pacific Railway, v which crosses the — 


eing only the more extensive the English 
ieee branch, are ‘aie by y the H dr 
Ontario at a total of 0 minimum m dry- weather flow, hour 


service, nd it may be be ‘considered ‘that ‘the commercial capacity. at 
Teast 200 000 h.p. under ordinary conditions. seems that 
‘the requirements of railway operation, flour milling, pulp and ~— 


Railway i is in n operation, 


‘The Seine and Rainy River branch of the Wim 


the dam construction now completed and power construct 


the river there is a. chain of of falls a and dhutes which, as sources of 
economical power, is difficult to surpass or equal. 
0 conditions worthy of comment are that at each power 
location the rocky barrier creating the fall i is admirable as a founda 
‘tion for a dam, thus enabling constructions to be low inf first cost, 
at the same time “creating considerable. local storage to meet 
peak- ‘load requirements. Also, the e enormous lake e storages, pre 


erg referred to, very much reduce the flood discharge and i increase — 
the minimum. . The latter may be taken at 13 000 cu. ft. per sec. at 


Kenora and 20 000 cu. ft. sec. | ow the junetion ‘of the English 


— 


— here are 1600 
he Woods. There are 1600 
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‘River, the flood discharge ing not four times 
amounts. 


proper, and the n mouth at Alexander. 


ER. 


horse-power; — power; 
hour 
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ae: 


ee 


Island Fails 


Point du 209 


55 


140 000 > 
“46 200 
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White Mud Falis 
‘Silver 


within ‘short distances of two transcontinental railway systems. 


of The situation at Kenora illustrates the gr 

as applied to flour mil g. ‘The town has" litt 


as m industrial ceenter, not being at a competing railway point, 


ata bulk- breaking point; ; neither i is there any surroundin; population 5a. 


or any fertile ar areas; but, in spite of these apparently unfavorable ae 


ditions, three large flour mills are located there, and ‘use about 4000 
hp, with a a capacity of 10000 bbl. per day. Two of these plants A 
operate -privately-o owned hydraulic equipments, and the third p ‘pur- 
chases 1 000 e.h.p., at a flat rate of $10 per e.h.p.-year, from ‘the : munic- 
pal ‘power-station, The latter has been bu ilt recently at the eastern 


outlet of the Lake of the Woods with dimensions to receive machi ery 


having a capacity of 4.000 one-half of which has already bee 


e — 
136 200° 18 200h. .installedat 
hat 
per ‘the water level by head-works 
the Taising the water level by 
the sites mentioned in | Grand Bonnet afford excellent 
Slave Falls, Upper the twe in Table 1 arg 
onstruction opportunities. the Ci f Winnipeg, and all are 
3, at distance of the City o 
ine ft — 
18 
— 


a stone dam ; | 


Water, but ‘no further constructions have been commenced. 
t du Bois ‘the | City of Winnipeg (population 120 000) 
commenced | the construction of a large generating | station involving 
a 75- -mile transmission line | to the city, and the’ designs contain some 


features. A short (1 200-ft.) | head- canal, conerete overflow 
walls, a nd a rock-filled dam in the main river will raise the water 


ft., creating a total head of 46 ft. and forming a lake 5 sq. miles 


in area, thus producing uniform and quiet hydraulic conditions. The é 


dimensions of all control rol works, dams, ete., , provide for an —ultin got 


“4 

equipment 60 000 h. The remainder of the 1 work is tob be a soli 

rein forced concrete structure involving an enclosed forebay 

Power- “house, and_transformer- station equipped primarily with five 


300- -e. h. units, which will consist, of horizontal, -_double- “runner 
pines (draft- -chests only) in reinforced concrete wheel- -pits and 
connected through a breast t wall to 3- -phase, -eyele, 6 600-volt, » gen-— 


erators making 164 rev. per min. 


be to 17 000 volts, by water-cooled, oil- 
rmers havin ng ‘a capacity of 387 50 kw. per phase. 

2 nsform 1 at Winnipeg will be aien 72 000 volts down to 
rminal inal ‘station, from which 11 000-volt feed- 


will. distribute to or more stations for r local. distribution 


na mal 


city utilities are already nu numerous, “Artesian w water 
. “supply, ‘pumped electrically ; and the desire to be able to offer cheap 


industries, present and prospective, which would otherwise 


bor ‘under. great disadvantage in in a “city which cannot “offer bitw 


us coal ofa good quality for less. ‘than $6. 50 ‘per ton, while anthre 
‘coal is $10. 50 per ton retail, appears be ample ination for 
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ee 


y Company and its allied | companies 


Riv a transmission line mil les Tong supplying 


power to a terminal station in the city 


generating station “was selected apparently without proper 
ond without an and the “company 


a units — a combined rated capacity of 14 000 kw. ae 


The scheme of development | consists of ‘a ror -filled dam 
the Winnipeg River, which 1 raises: s the moter level or 


power-hi house i is. about 5 miles from the i 


and was designed f for an operating head of 42 ‘ft; however, 


“not yet been realized, and it ‘ist understood that, when delivering 15 
i hp. at Winnipeg, the generating station is only operating under a 
se. of 36 ft., and is at its present capacity, hence the further _ 


g generating station has an open steel- -flume wheel- pit 


and | units of five 2 000 kw, an and four 1000 kw., each 1 operated by 


twin horizontal turbines; the 
2300-volt 
transformation 


ws 


£, 


e comp 
at the station is 19 500 kw. “The is 
double- -cireuit, ‘steel _ towers, ‘spaced 500 apart, with protruding 
of angle iron on 1 each “upper corner of each tower act 


cheap lightning 

yy bitue year’s service (which commenced in 1906). 1 capacity of 
anthra- station in Winnipeg is eq al to ‘that of the 


The utilities served consist: of the city suburban street rail 


winni 
Winnipeg 
Ow 
| — 
— 
h 
ying 

order to insure suiiicien 1ydraulic head and flow oi water at 
ater water to operate the machinery now installed, which makes a com- i ae ae 

4 
— 
mate 
rectly — 

bution 
how: re ior o-phase, OU-cycle, = 
nd the transformers are 
valent, capacity per phase, __ 
t, each 
“tower 
“tower 
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lighting. Tn addition to o this, there is is a a small. distribu- 


tion of power for miscellaneous purposes, and two large blocks of 
power for flour milling. |The: capacity of the generating station is — 


already fully taxed during the low- water winter ‘season, and no effort 
is made to encourage large users of power by offering attractive rates; 
this ‘power-station cannot be looked ‘upon as a — 


‘the municipal power- station now being b built. = 
_ ‘The three tributaries the Nelson River, "which have just been 


reservoir 9 300 sq. miles at an of. 710 ft. 


j 


(or 
of ‘Lake ke Winnipeg into the ‘Nelson River proper ii nearly 350 000 


4 miles, and that the water supply comes s from three difecat ond ae 


similar climatic. and topographical river basine, one can appreciate 
hat a large minimum flow there is; and, as the route of ‘the river 


_ » the Hudson Sea is rock- ribbed, in cascades, pools, and waterfalls, 
oa all that need be ‘said here is that, ‘should electro-chemical or nother 


demands require very extensive water- -powers, where relation to habita- 
tion is immaterial, these, to the extent of at least 4500 000 hp., “« 

; , be readily secured on the Nelson River between Lake Winnipeg and 


the many extensive rivers flowing into Hudson Sea a 


is James mes Bay, there is very little accurate information, and hydraulically 
rivers are almost unknow in a general way way. 


of rivers abound in an elevation of from 600 1500 ft. 

ae above the sea, and this, taken with a good rainfall and the rocky 

nature of the country, warrants this certain assumption. ‘It is gen- 

erally known, however, that near the sea coast most of these rivers are 


r alluvial, and that the water- “powers of value lie considerably inland, 


| 
Shae 
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outs 
the St. Lawrence River and the Hudson Sea, will probably be Stat 
at Iroquois: Falls, on the Abitibi River. The construction of the § that 


falls, 
other 


— d 


an 
ically 


e rocky 
is gen 
vers are 


rnment ee parallel to the 1 river, end that of t 
0 roment Transcontinental Railway east and west 
north of “Lake Abitibi, suggest the early development of 
= Falls for ‘Purposes of pulp grinding, or power for r mines, or 


for general distribution the junetion immediately 


Tue Sr. Lawrence 


ne St. Lawrence I River er drainage basin is is the chief ‘seat ‘of ‘popu- 


x lation in and naturally the hydro- -electrie developments 


The total drainage area is 565 000 sq. miles, but of this about 
* 90 000 sq. miles comprise the water r surface of th the Great, Lakes, which 
form enormous compensating reservoirs, their “regulation and control, 
international in n character, ‘presenting a very delicate physical and 


political question, “additionally complicated by the rights ‘and needs 


Ye navigation; therefore it is advisable to discuss the water- powers 


the main river and of its many important tivsiadbaas separately. ee 
| Sault Ste. Mari The fir first water- “power location on the main 


ai is al Sault ‘Ste. Marie where ‘Lake e Superior, with 31 000 sq. 


miles of water surface, ‘empties into Lake Huron, falling approxi 


ately 18 and discharging about 60 000 eu. ft. pe per sec. at low 


water, thereby y affording opportunity for about 90 000 eh, 4 


making allowances for various hydraulic losses. ‘The present devel 


ments” have been somewhat - international in . character, and have been 


carried out chiefly by the Lake Superior Power Company, which, with 


allied companies, disposes of 6 500 hp. of hydraulic and electric power 


on the Canadian side of river (out ofa a designed total of 000 


‘United 


structed a house, under unfavorable physical con-— 


ditions, designed to obtain 4 45 00 0 h.p.; but machinery for o 
Bo of this, or less, has ever been installed, cand th the chie a 3 


xy 


‘outside of municipal and small ‘industrial 1 users, 
oh having works in the vicinity; en the” 
States side, hydro- -electric developme but it is p obable 


neession will be granted there, or, if 5 granted, 7 


| 
— 
— 
iS 
a 
tlet 
sq. 
dis: 
ate 
il 
al 
g and 
forma 
iy —— 
hich lie 7 
obably be 


ill be under of the International Deep: Waterways 
mission, 80 that the needs ‘of navigation, | both regards the 
the level of Lake Superior and ‘the water Tequired in 
) 4 increased quantities: for operation of the ‘three: locks at this point, 


= be fully conserved. vane 


an ve = 
and serve an ‘enormous “commerce, their existence 


little local value, w whereas: the life of the two adjacent cities 
feck Ste. Marie depends « chiefly on the creation and operation of 
electric power, and the two Governments i interested will be 
well § advised to use every effort to facilitate rather than hinder 


power use of water ‘passing: Lake ‘Superior, which ‘not 
required for locking purposes. It is evident that contol works at 
® head of the rapids can be constructed so as to compensate for 
_ any quantity of water which may be diverted and used for ‘power 
_— purposes, and, ‘geographically, as an assembly point for raw materials © 
water and rail, Sault Ste. Marie has ‘many advantages. 
Niagara Falls. —Continuing seaward ‘Sault Ste. Marie, the 


location y which affords” hy: draulic opportunity “spoken of 


ry Lae Lake Erie flows into Take Ontario by a river er route which, from 


Chi pp pewa to Queenston, is a series of rapids and the cataract, but 
_ the cataract of ‘Niagara Falls is barely one-half of the total difference 


in elevation, which i is 327 ‘ft, and that the first ‘great hydro-el electric 


have been 1 made there w with ‘effective. heads of 


to 175 ft. can only be looked | upon, the “future, as an 
= ae blunder, because there are ‘potential developments which can be made 
at several locations in in the ‘United States and Canada using a net head 
: great as 300 ‘ft, which, for as large an installation as 200 000 hp. 


_ or greater, would not be as expensive as those now constructed, and 


the deduction is here offered that when industry makes the demand — 
neither international understandings 1 nor the’ makeshifts: of opportunist 


on of “ailing ‘the “hydrau the 


is, int reality, a world problem, local one, ‘because 
there is there latent 5 000. 000 continuous electrical -horse-power, con- 

only the Jow- water flow o of 000 cu. ft. at 
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Stratford, 
a 


— 


cory Niag: 


Rig 


wit 


Dominion Power and Transmission Co. shown thus... 


Niagara Falls Power Co, 


& 
= 
fa 


+ 


'se-pow uld be equivalent to a “saving of 
000 000 ‘tons of coal | per year, should this great force of Nature 
oe become so fully utilized; and why should it not be ‘used in increas- 
ing amount as required? There will still be available for scenic pur- 


poses all the surplus ‘water, which will still pass over the falls, eve even 


after the ‘minimum has a all been ‘used power purposes. Consider 


ni bs paper otherwise; this location is ; unique, as it is on one of the 


; of commerce in the world, both 1 water- borne and by ' 
es midst of a fertile and populous region, which, 


fo r 15 ) mi oe all directions, i is becoming more thickly — 
year” by year. The steady growth | in ‘the electric load ‘carried d by the 7 
‘ ea stations leads to the inevitable conclusion that we are only 
in the infancy of the 1 “utilization of this great gift of the Creator. = 


he level of Lake » Erie ca can ‘be. readily controlled by com 

works ai at the head of the rapids, and might be. designed 50 as to con- 


strict the natural channel at the wame ‘Tate as the ‘artificial channels 


were created, either near the river or by other: er routes from Lake 


_ Erie to Lake Ontario, « and this a arrangement appears to “meet and 


answer the wily serious criticism which has tended to array the ship- | 
interests in to further utili izatio1 


Recurring to the actual ¢ constructions which have been made since 


a the first station n of the ‘Niagara Falls “Hydraulic Power and Manufae 


in 1881, it may be briefly that there are six large ‘generating 

4 stations, two on the United States side and four on the Canadian side 

ver, engaged in producing electrical energy for commercial 


= "purposes, and, in addition to these, hie are numerous small stations, 


a ‘one at Niagara Falls, Ont., and aoverel along the route of the Welland . 


iverse “constructions, 


8, ete., which have been fte and 80 minutely 
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"Manufacturing has the distinction of being first in n the feld, 


at at the present ‘time it has 77 500 ‘installed, and building 


paper, flour, and other mills. 


The p power from 
industrial and -chemical purposes, but chiefly for the 


facture: of aluminum, by the Pittsburg Reduction Company, which 


- company has here its largest works, It is understood that this aan 


pany contracts f for nearly 6 60 000 h.p. 
head canal f for this ‘development i is 110° ft. wide and 14 ft. dep 


st normal water level. is s constructed through the | City of ‘Niagara 
‘Falls, N. Y., for a distance of 4400 ft. , and terminates at a ‘forebay 
‘immediately overlooking t the river. The water is used under a a total 


“bead of 210° ft. and a a net head of about: 200 ft., and is led down the 
side of the cliff in steel penstocks to the power-stations at the lower 

river level, where | is of direct- 
nt generating ‘composed of 


6500 kw. the newer which well illustrate the gro 
7 of th the art and the magnitude of the business | of this station, which his 
"entirely ocal, involving no transmission lines of any importance. 


Niagara Falls ‘Power Company h has generating stations 

. operating under an average effective head of 140, ) ft. , one on each side ~ 

a short t head- canal, a and the common tail L-race is brick- -lined 

Passing to o the lower river, 7000 ft. distant. 
mercial These | stations, at the time as pioneers, have long since 
tations, "been en eclipsed by the e stations on the Canadian side of the river, ‘and 
Welland suffer from certain engineering defects which, 
uctions, = i 
ninutely a 


y which 
_double- je-runner, vertical tur 


of 
iim 
yen of 70000 e.h.p. In addition to this, water is supplied to vari ae a - 
ich, 
ated 
tk 
ting 
anels- 
Lake 
f the 
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200- ‘iii 


armatures. The second a capacity a 


60 000 | h. p., hes entrances and an enclosed 


forebay for further “protection from ice, The turbines are of the 


single- runner, vertical type, with ‘draft- tubes; the eleven 


each 5 hp. -volt, and are ro partly of re 


= 


4 the stations, sharp curves, to 
this, together with the back-piling in te 
se f free- discharge Wheels, makes 


ations to full capacity. Iti is ‘that 8: 83 000 


that is generated, ‘although. ‘the in Buffalo is being largel 
to the Canadian Niagara Power Company, ts station being 

nearer . and belonging: virtually to the same 


chiefly t o local electro- chemical consumers, and the “ 
company in creating a manufacturing district, with railway ‘switching 


sites, ete., giving long- term ‘Power contracts, 


guaranties of continuity, under ‘penalty, has created a Jarge 
. 2 industrial center ‘consuming m more than 60000 h.p. continu ously 


those | two stations. The transmitted to Tonawanda, 
; ; are of ordin 


on in, 
loa 


ne of ‘copper aluminum. ‘Until the 
Fre 
uffalo, to h ent of about 40 ere 
United St ates | stations, as are still the various Eederurbes 
and trie ra ts g at Nia 
scenic elec ric rai way ‘conver ing at Niagara Falls. 
e a River four large generating 
stations have been ails recently ; three of these are at Ni: gana 
Falls, and the fourth is at a point 12 miles westward. Lo 
me. ‘The Dominion Power and Transmission Company formerly the 
‘Hamilton Cataract Power Company first commenced to deliver pee : 
“to ‘Hamilton, Ont., (1897, a small station 12 miles westward 
of Niagara Falls at the foot of the Niagara escarpment, and drawing 
its water supply from the Welland Canal and thus from Lake Brie. a 


le to run both 
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‘This hydro-electric development utilizes a hydraulic head of 


— 


It is an n interesting station the 
turbines are entirely of European manufacture and desig being 
supplied by and German makers, as, as the earlier experiences, 
é 
2 with: manufacturers in in the United States were ‘not ‘satisfactory. 
electric current is generated at 2 400 volts, cycles, and is is 


a 


transmitted to the surrounding towns and cities at. various: voltages. 
The chief market is in Hamilton, 82 miles westward to which three 
pole e-line, 3- -phase | circuits, two of copper and one of aluminum, carry 


0 


en Se 
ete., withe a total a 132 miles 
This company, owing its favorable investment and 
entrenched position, is. able t to ‘distribute with profit at low rates for 
power, and has thus built up a large business very rapidly. Iti is under- 
et that tthe peak load in Hamilton alone, which is a city of only | ey 
60 000, is considerably more than 20000 e.h. which includes current 
for operating ‘street and interurban railways by this: company, 


also cotton: mills, mills, flour mills, ‘rolling mills, and 


4 ‘machine shops; in. fact, phase of a busy manufact 


erated This also” owns small hydro-electric generating stations at 

urban “St. Catharines and Brantford, and may be said to control, 

the business o of supplying electricity in the Niagara Dis- 

erating west of Niagara Falls and Thro. 


constructed between 1 1901. | and 1905. This” company is ‘practically 


"with “that of ‘the Niagara Falls” Power ‘Company, 


7 ‘The, ‘generating s station of the Canadian n Niagara Power * Company was 


although it distributes some 2.000 to 3000 hp. “locally to various 
industries in Niagara Falls, Ont. it has not entered into the long- 
istance transmission field, ‘no doubt considering the local sale to be 


he generating station is of the wheel-p: 


with a tail-rac 2 200 ft. long, a nd operates under 


she 


economical one, as excessive exp 
1 uired. This enterprise has a prog _ — 
has expanded it until, at the present — 
einmont tnoliding transforma: 
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of only 140 ft. water is from the 

immediately | above the cataract, and although pr protecting works, sub- 


-arch "entrances, enclosed forebay 1 room » and sluiceways have 
been constructed to meet the ‘difficult ice ‘conditions, t hey only 
moderately satisfactory, and a continuous winter | service is cdiebiined 


only by strenuous efforts and with considerable ‘difficulty. 

ie generating works are complete for ‘eleven units, units, a having a 7 
nominal | rating of 10 000 000 five units 


are ‘now it ‘installed 


This station is inter Niagara Falls 
; ‘Power | + Company by a a large m number « of 1d 000-volt underground « 4 


thus warranting great “certainty of service; the chief market for 


The company has a transformer s station, adjoining the severatng 


station, with an equipment of fifteen’ sing gle-phase, 1 250-kw. -trans- 


7 formers, i all mounted i in one room; and although these are arranged so 
to be operated, if desired, voltages up to 60000, the 


‘The ‘transmission m system ts of steel poles, carrying two 
3-phase of aluminum ¢ sable. mounted on ¢ cellulose insulators, 


and a third circuit is now y being built. _ The capacity | is is 12! 500 ‘ih DP. per 

“circuit at 22 ( 000 1 volts. x At Fort Erie t] this tr transmission system has two ) 

spans of 1 600 and 2 200 ft., respectively, st suspended 130, ft. above 
ater of ‘the Niagara River, and it is ‘understoo ‘that. con sderable 
breakage until elastic counter- 

the end tower with 


Under the existing this sill 


Provincial Government, and having -in view the water 
‘now eing reported on and recommended by ‘the International Deep 
Waterways Commission, it would appear to be inevitable’ that ‘this 
= company | will soon be forced to enter actively into exploitation « of the 
Canadian “market, in order to ‘enable to increase its sales 


: beyond the pres present, which not “only amounts to about 4000 000 hp. from 


‘ m, but to ) this must | be added some > 5 000 hp. which is 
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tubes and double runners, and the generators are 12 000-volt, 3-phase, 3- 
| 
wi 
— an 
— 
“unc 
and 
curl 
— B The 
— 
insu 
— 
allie 
mt 
Syre 
— 
to 


ONT ie intresting to note that the combined output of the tine : 
of these allied companies, The Niagara Falls Power 
Company and the Canadian Niagara Power Company, is more than 
500 000 000 kw.hr. per year, and that the load factor is more than 7 0%, 
E owing to the large number of electro-chemical customers. bie, 245, 


Between 1902, and 1906, the ‘Ontario Power Company ‘constructed, 


below the cataract, a statio n which i is equipped at 


with six horizontal units, each of 10 000 or 12 000 ehp., generating — 


3-phase, 25- 5-eycle, 12 0 000-volt ‘current, ‘1873, rev. per min., , under net 


© 


head of 178 ft. t. The turbines are of German design. and manufacture. The ar 
water is brought to the: ‘station by ai an 18- ft steel. pipe, 6500 00 ft. long, 
hich i is. embedded i in _ concrete just below ‘the > hydraulic ¢ grade line, an line, a and d 
uried i in Queen Victoria Park a few feet beneath # the surface. ern a 
company selected a favorable location for its ‘entrance works 


-forebay, which are located at the head the rapids and are 


completed for a a capacity of 180 000 h. and, as s far as ice troubles are 

“concerned, it may confidently expect to give a continuous 


» In several other features these works a are interesting, particulary in = 


of 6 500 ft. long, 15 ft. per sec., , under or 
“commercial electrical conditions, no n mean task, but it is 
“understood that, by means of a spiral overflow s i 


"accomplished. The electrical control is center sforming 


¢ distributing station, which is 600 ft. from pee 


o on tl n the h high bluff overlooking the ¢ catarset. At th this point all 
rent the generators to the: high- tension lines is controlled. 
4 


The transforming station is ‘is equipped with h eighteen single- phase, oil- 


insulated, -water- transformers, each of 3.000 _kva. , each bank 
being i in a separate compartment. This company hip created several 
allied companies which distribute 62 500- -volt and 12 000- -volt 
in 1 the United States an and Canada. Its extreme “eastern ‘delivery i isa at 
N. 161 miles distant, and it distributes current 


to St. Catharines , Welland, 2 , and Port | Colborne; but in view o of ‘the en 
“contract it has now entered. into with ‘the ‘Hydro- Electric Power r 


of, Ontario for ‘the: supply of from 25 000 to 100 000 hp. at 
‘from | $9.00 to $9.40 per hp p. per year ‘for 12 000- volt saline enue es 


ig 


- 
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i -* appears | evident that its ‘sphere of of ‘influence i in Southwestern Ontario 


in ‘the ‘future ‘become ‘considerable, an and the e output of 
‘its station ‘inereased 1 to at least 50 000 hp. 


At present, its 1 load is 25 ( 000 h. .p. in the | United States: 


es oar and 5 5 000 hp. .D. i in Canada, s sales being at at the rate | of 11 110 000 000 kw-hr. 


4 This company are very extensive and vatied 
in character, and comprise several hundred miles of double-cireuit and 


single- circuit, aluminum lines, chiefly mounted on steel towers carrying 


_— one circuit, each. . Some of ‘the branch lines and 12 000- volt lines, 

however, are on timber, , A-frame towers or cedar poles; the various 


constructions have been. carried “out substantially ‘and scientifically, 


are subject 1 to the: criticism of transmitting at only 000 


are in use and 100 000-volt. “projects” are ‘construc: 


tion; however, it is true that the suspended insulator has not yet ae 
fully developed to unquestioned sa satisfaction, and, at 100000 volts 


AUS 


‘In 1908 3 the ‘Toronto and Niagara Power Company was formed 


bia 


ing parties interested in the ‘Toronto Street ‘Railway ‘Company and | the 
‘Toronto’ Electric: Light Company, and, after negotiations to buy y 


- electric. current from other Niagara companies had failed, a lease was 
secured trom ‘the Provincial Government to build a generating station 
in Queen V ietoria Park at Niagara Falls at a ‘site lying between those 


‘the Canadian Niagara Power Company and the Ontario Power 


Company, the ‘works of both “these companies being then under 


struction. location chosen was notable in two particulars, t the 


intake being almost wholly the surging rapids above the cataract, 


while the -race e tunnel was located so as. to emerge beneath the 


cataract “itself. construction of these works p proceeded from 1903 


Preliminary it was most ‘difficult to construct the 
3 coffe r-dams and keep th them _ water- -tight, and, together w ith the exter 


‘sive overflow dam, ‘ete, ‘afterward constructed, made a heavy invest 


ment necessary. The wheel- -pit is constructed die eleven units, each 


“installed. 
— 
the station equipped with 


8.000 and four of ‘these units are now 
: operating head i is about 140 0 ft. 
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double-runner turbines, constructed by United States 1 manu-— 


facturers on Swiss models. In various items, however, these turbines 


differ from previous constructions. — The draft-tubes are carried out- 
ward to twin » parallel, -tail-race tunnels, and emerge from underneath 
so as to maintain the water seal. . The penstocks are alternately right Se 
and left, in groups of two, thus economizing | in _ wheel- -pit length. The © 
supporting structures” for the vertical “main shafts of the waite: we 
concrete arches instead of steel girders. Altogether, these - works { give 


evidence of advance in the ar art of wheel- construction. The 


_ 


house is a most ornate structure; indeed, this | company, has carried 


on all its operations with a a lavish hand, and a resulting large — 
4 ment. I Its g nerating mpany is known as the HH ctrical Develop- i 
volts Compan: any, and t the 3-phase, 25-cycle, 12 000- -volt irrent generated 


“p 
-volt is delivered outsi ide of Qu en Victoria Park toa teen station 
the Toronto and ‘Niagara Power Company transmits it at 


been 600 000 volts to Toronto, 80 ‘miles d distant (population 300 000), over 
air -doub circuit steel-tower line. This in across Hamilton 
to be Beach and Canal ‘and the Welland Canal ‘by pairs ‘of very high 


heavy towers; otherwise the transmission line passes ‘through a evel 


ed by cultivated country without serious transmission difficulties, slhough 

d the: including various spans across small of 1 more than 1000 ft. 


se was F The transforming | stations are 


station safety, each. ‘single-p phase 
a those ‘compartment, ‘and there is ve very cell construction 
Power -bars, lightning- arrester compartments, s, ete, The ‘Toronto terminal 
con- [station ; or water to trans- 
er ¢ ‘ation also has an auxiliary water-tower for s upplying Ww ater to trans 
rs, the “formers ix in addition to the service fr rom the city mains. The 
atarach current delivered at this station at 55000 volts is ‘stepped down to 
ath i i 000 volts and i is s then carried by w underground feeders to various sub- ae 
m 108 “stations i in the yaa: it is transformed into 600- volt, and 
rious “voltages, A. | C. 3 also, the frequency is changed from 25 to 
the 60 evcles. Altogether, from 20 000, to 22 000 eh.p p. are used by the two 
Su sidiary companies, es, in addition to sales at Niagara Falls to the 
inv anadian Niagara Power Company for export, as before mentioned, 
its, ere are also. subsidiary companies formed to distribute eastward 
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stations “deseribed a are e fully equipped, and ‘the fact that -epveval other 
companies own charters and water rights, and are anxious to enter 
7 the field if. given opportunity and encouragement, at first, would sug: 


gest that electric energy can now be obtained in this s favored district 


ry low r: rates, and, comparing the rates” offered. with the 


iven consumer to 0 produce } power or or light by steam- driven p prime 


certainly the rates do improve these conditions somewhat, as 


OW wn steady growth of clectrically- operated industries in 


and 
rs 


output, but, for the last ten 5 years, people of 


Boards of weds to agitate in 1 1900, and i in 1902 a commit 
various cities and towns, was formed to take concrete 


which, by p pressure on the Provincial Government, ‘induced the ie 


of an ‘Act in 1903, enabling two or ‘more municipalities to appoint a 


‘Commission and, after inv vestigation, to carry out, - desired, the con 


struction of the necessary works at Niagara o sewhere for: generat 


ing, transmitting, and distributing electric 


ener 
This ‘municipal was appoin nted, 


menced, there has been no “specific outcome from this -Teport. 
Ws Tn | 1905 the Provincial Government, becoming more re fully alive to 
the importance of this question, appointed a a Government Commission, 


in n the working ol the Act, and to a larger snovemedt a 


a which was instructed to study and report t on the hydraulic possibilities ; 


in the demand existing for electric 


during the session of 1905-06, pry although fact 


‘comprehensive idea of the industrial 
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“set forth the rates offered companies, it has only 


a subsequent protracted struggle that definite results have been 


obtained and ‘the evident will of the people carried out. 
‘The vested interests immediately attacked the reports and the = 


pene fides of those who drew them ur up, but the Provincial Government, 


Tecognizing the demand made ‘upon it, passed very “comprehensive 
het, appointing a permanen t Gov vernment Commission. In this | com- 


mission was. vested the rights of th e Crown, and it was authorized 


rig 


=e in response to the dem of the municipalities and in their 


This Commission, after 24 years’ existence, has justified itself; and 

a group of sixteen municipalities wale: demand 1 upon t the ‘Com- 


mission to secure electric power, to construct transmission lines from. 
int : Niagara, to transform the electric energy thus transmitted at the 
ee - various sub- -stations, to administer the construction, — and to operate 
i ft for a a period of bei years, over which period a sinking fund — = 
will be « created out of the rates to repay the investments. The amount 
of to be distributed immediately is approximately 30000 e.h. 
but it is confidently expected this. will increase very ‘rapidly 


ake The various municipali ities have voted t the money necessary for 
distribution, and the Government has recently contracted for the: 
“a construction of 300 m iles of transmission lines, and this wor work is to be Saas 
followed the of the ‘necessary, sub-stations 
ustive 
4 This popular movement be justified by capable 
honest administration, deficiency in which is the of many 
ne "municipal movements in America, and it is to be hoped that the esis 
live “ of the Government Commission will render the inherent ‘merits of - 
iv 
bilities. The large area of country to be and the necessary anticipa-— 
ton of a still wider soon as the thee installation has 
“Itself, have forced on the Government | ing staff, a considera-— 
timed of higher voltage, | and, _accordin ng to present plans, ‘the ultimate 


voltage of of transmission n now being provic ed fo r is 100 000. This” 


— 


advanced practice, ho however, has been n_adop ted by reason of the ne neces- 
sary provision for extensions. of the Hydro-Electric Commis- 
lon’s system to ‘points still more from 
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‘de ch closely t the results obtained in in carrying ¢ , out tl this | huge > municipal-_ 


. Lawrence River, 

o and Montreal, , may be considered as having its navigation 

interests paramount, Land, although attempts have recently been made 
obtain ‘permission from the Canadian Government to devote the 
whole river to power evelopment, it is ‘not tt likely ‘that such permission 


ma? In the meantime, along | the ship- canal system, many small installa- 


7% tions have been ] permitted, but. they are chiefly local in character and 


<a to 10 000° hp, and, in addition to» this, hydro- electri ric stations having 
capacity of about 5000 h.p. supply the various: near-by towns with 


are devoted to operating ‘mills and factories. They amount roughly 


light" and power, and light: ‘the ship canals during the navigation 


, would be a great source of power, 


as it is s capable developing, at low w water, 4 500 000° hp. of electric 


ener at the various ra ids. 


several interesting cons 

various companies, but finally all these interests been merged 

the ‘Montreal Light, Heat and Power Company which controls the 

situation at present, although a rival company has recently been 


the 1 abandoned Beauharnois Canal ¢ 


Company. The 


4 


7 

Montreal, “where 40 000 cu. per sec. are available head of 
7 

ft. equipment ‘now being installed ‘consists three 

each of 3 3 7 50 kw, which 60- at 


phase, cooled transformers having a rated capacity of 2 2 


having a apacity of 9000 hp. 
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"pany also purchases 16 000 h. p. delivered in 1 Montreal 


The s station at Lachine, on the St. 
of daring but ‘mistaken construction, cari carried ‘out 12 ye years — 
4 the had not been as as fully worked out as at) 


MONTREAL AND QUEBEC DISTRICT 


trie 
3 
q 


head of 


De units, 


part of 
and therefore, in operation » they are subject to. troubles” from. -frazil 


in the head- and tail-races ; but, after ¢ excessive expenditures, made for os 


the Purpose of creating quiet conditions above the power- house and» 


Protecting the tail-r: “race se from back- _water, the station can an be reasonably 


‘epended on to give continuous winter service. 
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s, each having a a rated capacity of 750 kw., are operated by g groups 
of s ix turbines’ each, driving jack shafts. py 


= ‘The current generated is 3- 3-phase, 60- ip at 4400 ‘volts, and i is 
transmitted over eleven circuits at this voltage direct to to Montreal Ce 


miles), where it is stepped down ‘to 2.400 ‘volts distribution. 


‘station was designed for ‘a capacity 0 of 16 6 000 hep. , but it has. never 


been ‘equipped with ‘machinery beyond 8 000. h. p. 


At Chambly, on on a the Richelieu River, a branch at the St. Lawrence, ; 
; 18 miles southeast of ‘Montreal, the company owns a 1 generating ig station 
which has also had a history interesting to engineers. ‘concrete 
' dam, constructed | to create a head of 34 ft., failed secestoaps comple- 
tion, and the first | year’s operation was much ‘disturbed by. nail, 
new dam has since ce replaced the faulty structure, the an n now 
The equipment consists of eight units, of kw., driven uni 
by four turb ines per unit, ‘the total | generating capacity of the st station 
being: 20 000 eh. but the average load carried is 1 ‘15 000 eh. ‘The E for 
current, which is 2 200- -volt, 2 2- phase, 66- cycle, is stepped up t to 25 000 * 
volta, 3-phase, by 2 750 kw., single- phase, air- r-blast transformers, and i is & 
delivered over four: circuits to ‘Montreal, where is transformed into 
+z 
‘The complexity of “distribution at Montreal may appreciated 


‘it is ‘noted the current is of three different: frequencies, 


namely, at 30 eycles from Shawenegan, at 60 from Lachine, and at 66 


from: Chambly, which must be added the conversions to 


of the company varies from, say, 30 0 000 hp p. the s summer to 


peak load in the winter, and nd this amount. will be sup 


plemented so soon by y delivery. from the Soulanges station now 


es St. a River Branches. —The St. Lawrence River Basin 18 

_ traversed by many large tributaries which will be discussed briefly in 

- respect to such ‘developments as have been carried out, but - it may be 


= briefly that, although many small towns | and ‘mining and milling 
centers have "hydraulic: electric stations of ‘modest “proportions 


satisfying present yet remains opportunity for F developing 
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millions of horse- on rivers as the Ottawa and its tribu- 

taries, the St. “Maurice, e, the Saugenay, the Trent, Spanish, Nepigon, 

projects innumerable of greater or less merit are being studied ieee a 


carefully, by engineers a and financiers with a view to meeting industrial es ee 
industries to con- on 


a 


a 


ete., and pr 


needs as they a arise, and eae centers and 


ime the available p power. 
ver 3 Ths  Kaministiqua Power Con 
a "station at Kakabeka Falls, 
nee, power to the C City, of Fort ort William “(population "15 000) head of 
jon Tako Superior, where grain elevators, four mills, foundries, and 
rete municipal utilities consume some 6 000 or 7 000 h.p. at the time. 
ple dev development has a a hydraulic head of 175 ft., and carries the 
but | ater through two 10-ft. concrete tubes a distance of 65 es — 
now ‘compensating reservoir, and thence by ‘steel pipes to the power- ‘house : | 
equipment consists of two 4.000 kw., 3- phase, 60-cycle, 4.000-volt : 
“units, driven by German-built ; turbines, : and the ‘current thus 
ation raised to 25 000 vo Its by two banks of single-phase, air- -cooled trans- 
The: formers | of 1 500 kw. per phase; it is transmitted 19 ‘miles over ‘two a 
5, 000 cireuits of No. 00 00 copp per on n wo oden 1 poles to Fort ‘William. 
nd Tn 1904 ‘the -Canadia n Co opper Company (otherwise the “Tnter m 
1 into tional Nickel "constructed a generating ‘station. 
‘Spanish River at Turbine, from which current is delivered to its “ne 
ciated and smelters at Copper ‘Cliff near Su Sudbury, which 
at 66 The -eonstruction. of. a head reservoir created good operating 
ons to conditions, and increased the hydraulic to 85 Two 2000- 
are installed and a third is now under r construction. ‘The current 
tations as generated is 3- phase, 25- eyele, at 2 2 400 volts, and is stepped. up to 
85 000 volts” for transmission. It is carried 29 miles to Copper Cliff, 
be sup- by two 3. phas circuits of No. 1 co copper mounted on a double- -pole line. ie 
under The aa pany s sub- stations where the. current is 


t tributed for ser 


n the mines and at the ‘gmeltere, which it is u inder- 


Jasin stood. turn out ne-half the world’s” of 
may be @ a The Mond Nickel Company i is also installing a 1£ 
milling dectric station fer similar “purposes on the Vermilion River 
portions current is to ‘be. transmitted miles to e Victoria ‘mines and 


woloping tmelters, 25 miles southwest of ‘Sudbx 
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: ‘The Town of Orillia ‘(population 6000) has constructed a power- 


on the Severn F River, and transmits some 600° to 1 800 h.p., at 


22 000 volts, a distance « of a miles. It distributes the current f 


industries « as well as for | pumping and lighting; and, by offering low 


power rates, has established a ‘stable. industrial center, 

The City of ( Ottawa (population 15 is in the midst of ma many 
_ de eveloped and undeveloped water- -powers, and the latter, in the event 
0 of the construction of | the Georgian Bay Ship Canal, would become — 

available at low investment costs. In additi ion to the 


wv 


are very y great latent ‘sources of ‘of hydraulic power, ver, and i itn “may 


bs stated conservatively that within a a radius of 5 miles of Ottawa 
Ci ity there can be developed o on the Ottawa. River and its main tribu- 
taries 0.000 h. at low. water, which amount would be. 
materially by the constr ction of ship canal, 


developments various heads, but chiefly on on 


of the ‘extensive pulp and 


paper mills on both sides of the river. There are also cement mills, 


arbide and industries, for street ‘railways, 


is 
flow o the river, it ‘became evident 


2 that some improvement was mperative, so that om agreement ti to con- 


e Falls has been entered into and the 


when is full of frazil, ‘ina chiefly to the last 


drop « of water in low-water periods, thereby inereasing the ava yailable 


A, 


we at such seasons. However, i in the near future, more power will: 


ae required, and it is proposed that the city ‘itself develop the sple nid ; 
ear it on the Gatineau Rive t, where a head of more. than ’ 

ecured at a point and where 


position 
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“Capital of Dominion, it may be the 
ability of unlimited hydro- electric power assures the industrial fature 


/Quebec.—The Ottawa va is only ¢ one of ‘many y reat rivers fowing into 
the St. Lawrence from the north ‘between Montreal and the sea 


all these rivers ‘rise in unbroken forests on Laurentian 
dands, and are all w well supplied with storage facilities, they git 


are all valuable sources of power. — _ However 


been. a deterrent, an and the only of the: St. Law 


KS 


and devoted to the generation al electric energy for transmiss i 


on 
poses, is is on ‘the St. M Maurice e River at Shawenegan Falls, w wher 


h 


Water and Company | has created a large indu strial 


nd also a large amount of power for transmission to 
Thetford, ete, and will doubtless soon 


hes 


frazil in the winter. The ‘drainage area is some 18 000 sq. miles, 
a4 flow of 10000 | cu. ft. per sec. is considered the minimum. _ This, : at 


a hy: draulic head of | 130° ft., provides ‘more than: 100 000 e. hr at all 


seasons. The works: ‘tow been earried on partly: for the generation of 


electric: energy and partly to oper rate local hydraulically. 


‘The products of ‘these industries are pulp, paper, aluminum, car bide, 
The electric station has three 4 000- -kw. and two 7 000- kw. units, 
"generating 2- 2-phase, 30-cycle current at 2 200 ) volts, and this i trans- 
formed to 50000 volts. by banks of 1100-kw. and 2200- -kw. ll ae 
phase, water- cooled transformers having a total capacity of 32 000 eens 
_ The transmission circuits are of aluminum cable on wooden poles. roan a 
‘The Montreal service (85 miles) has been in opreetiint for the past 10 fe: vice = 


ast ‘The delivery i n Montreal is is by anda 


ailable 
wil “mineral the side of the St. at 
‘Thetford, ete. ‘The accomplishments of this: ‘company within the 


have been considerable; indeed, its works fo form basis 


where 
he vast 
tion 4 of i in the 1 near future. 
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, is for more one-half this current is 3- 
cycle, and is generated at 11000 volts. 1 It is transmitted to Levis 


_ also to Quebec City by insulated cable laid on the bed of the river. 


n for industries and “to enpply distant 
he ‘in the vicinity of Quebec City (population 90 000) 
= been made strictly. to “supply existing needs. installation 
on the -Chaudiére > River, south « of | the St. Lawrence, has a a hydraulic 


an 


Two ‘developments north the St. Lawrence, the ‘Montmoreney 


River and on the J Jacques Cartier | River, supply current ‘for city 

lighting, street railway operation, cotton n mills, ete. 
‘The Montmorency works, having a ‘a capacity of 4.000 hep. ha have 


nits operating under a head of 220° ft. ., and generate 2- -phase current 


at 5 000 volts, which i is transmitted direct over four circuits to ‘the city 


The J Jacques Contion works have 2 000 hp. ‘installed, and the 


_ current is transmitted 18 ‘miles at 20 000 volts over two 3- “phase cir- 


quits to city limits, where the company has ‘a steam “auxiliary 

station of about 2.000 h.p. to carry peak loads. 

careful of the electrical data contained herein 


a — will: indicate the trend of activity i in Canada in hydro-electric imei 
. | _ ments and the reasons therefor. In general, it may be said that on 
4 ee the Atlantic. Coast and over the western and central portions of the 
Ute) - great plains very little benefit ii is to be derived from such constructions, 


but over all the Provinces of New Brunswick, Quebec, Ontario, East- 


en ern. Manitoba, Western Alberta, and British Columbia, the e continued 


construction o additional hydro- -electric | stations and the distribution 


of ‘electric current to the practical limits of transmission be 


am 
confidently. ‘Predicted. . Ther resources of Canada, in minerals, 


and agriculture, are so varied and. immense the growth of 


industry as a legitimate of the development of resourees 
and the. corresponding increase in population, m 


foregone and it is as that, this industrial growth, 
low-priced power will form a large 
‘Pres 


sent ‘the hydro- electric serve to or 
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less extent such industrial centers as Montreal, Quebec, Ottawa, Peter- as 
boro, Toronto, Hamilton, ‘Winnipeg, and ‘Vancouver, besides a 
number of | smaller ones ; but only a beginning has been made. | Pr ob- ao 
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ably th the e 5000 000 hp. now hydraulically developed would ine tude = 


stations of of 1 000 h.p. | or more, and there are literally many millior sot ee : 
dorse- power available for development v within easy reach of the present 
aside from the increased industrial demand, there are 

specific: demands of great “importance. Already, as. noted, s “several 


mining interests are served by hydro-electric power, and with the _ 


q 


growth of mining investments the importance of ‘such ‘service 
increase. — Then again, pulp and paper (with, the depletion of United ie 
States supplies) will become a much more important industry. ‘than 
ent, and ‘consequently ‘much hydraulic and electric power for 4 


Particular attention, however, is directed toward ‘the enormous 


portunities | for electro-chemical industry. At Niagara Falls, N. Y,, 


a large group of such industries now. well established, and in 


Canada a modest beginning has been made at Shawenegan, Ottawa, jo 
and Niagara Falls, but has i in its rivers sources 


| 


increase sl “slightly. ‘the ‘investment per horse- -power beyond that 


similar construction in Europe. The whole question rests on trans- 
portation markets; the latter, restricted by t ‘the: United’ 

States tariff, must seek an outlet i in Great Britain, and as it is well © 4 
demonstrated that ‘$10 per -horse- “power- year, continuous power, at 


i 
4 


tions, and will ¢ ‘cover depreciation, and 
would appear to be a good field for investment. 
@ The financial condition in ‘Canada at present, as: regards hydro- 


enterprises, is worth considering. Some 10 or 15 ‘years ago 


| many of the ‘brighter minds in the country seized the idea that, by aay 
securing valuable long- term on the one hand, for electrical 
the other for wat ivileges on near- -by rivers, 
net result at present is in alm ilmo t all the large towns 


these services are administered by « co mpanies whose: charges all 
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In recent years, however, the ‘municipalities e active, 

= - several smaller towns and cities have constructed municipal hydro- 

electric stations, The movement is very active at present. in 


Province of f Ontario, and to a 1 less extent in other provinces, 

struggle is bound to. be ‘prolonged and bitter; 
bad feeling and "resort disreputable tactics have already deen 
exhibited. Municipal provincial has been attacked in the 

ndon market, and all the influen ce which heavy vested interests can — 


is and will be directed again st fe irther m nicipal action. — “ ot 


ultimate is evident; the publie mind will ‘more 


pressed wish of the majority; but in the meantime public eredit is un- 


ing a waiting game, and no one 


settled, the ‘manufacturers are play 
benefited because the expansion of the market, and consequent 
_ advantage to every one, including the electrical manufacturing com- 
would ld appear advisable consider the appointment of a 
Service Commission by the Dominion Government to. regulate. the rates 


companies already in operation, so as 
A secure that benefit to the pu blic which the presence of abu ndant water- 


nts, “bee ause it is not probable at the nost, more 


en 
mu 


mission, much “satisfaction “might be the public be 

set at rest if a rate- -regulating | commission for with” 
aay wide powers of action, should be appointed. ee 
Concurrently, however, with the distribution. of electric. power r for 
utilization ‘in cities, it is to anticipated that very large con- 
structions will be. undertaken in the near future to furnish 

the operation of railways over heavy grades, where coal is ex 
pensive or traffic dense, and that at the same the ‘natural 

of the country ¥ will develop to an and th 


—. 
from coal usually imported from the United States; andas  § 
od quality, run-of-mine, bitumi ¥ 
a per ton in Ontario and Quebec and $6.50 per ton in Manitoba, it is 
evident that such competition is harmless, and the electrical companies 
6 
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— 
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— 
than a majorMY"or The De serve: 
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facture, | smelting, and 
electro- service will be found the - most attractive fields 


for the enormous and not fully appreciated sources: of “ches: 


-widely- power which is now wasting in ‘so many districts 
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Sie. 


7 


for cements to be 


there are certain prety are apt to overlooked by the 


engineer and should receive serious consideration. 


‘In the first place, local conditions, such ‘as climate, | — of 
; road, quantity and character of. the traffic to which the road is sub- 
jected, as well as the character of the road material, have such an 


on the requisite characteristics of bituminous 
_ binder that even when the same methods of construction and applica- 
ee tion are followed, it is doubtful if any one cement will prove equally 
satisfactory for all cases. In many instances experiment ‘alone will 


determine what binder is best suited to meet given conditions, and 


the impracticability of following the same strict for all 
eases, therefore, is apparent. 


Broad specifications in regard to the of certain ob- 
jectionable properties which have invariably produced bad results, 


Ss ee: a *This discussion (of Re en by Walter Wilson Crosby, M. Am Soc. C. E., printed in 
ey a Proceedings for Februar ), is printedin Proceedings in order that the views expres 
Director of Public Roads, Washington, D. 4 
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and favoring those characteristics which are essentially necessary ton Mr. Page 


good binding material, can be framed, of course, but strict limita- 
tions with respect to certain constituents » such as free carbon, fixed a9 
paraffin contents, etc., are, at the present time, based on : 
matters of personal opinion rather than on established | facts. This 
is particularly true of country roads, considered apart from city 
pavements, and is largely due to two facts: (1) That, owing to neces- — 
sarily less refined methods of construction and Tess severe traffic 


ae binders ‘which would be of little service for city work w will often - 


wie 


are but few reliable data as to ae of the 
which have been used experimental and their effect 
From a careful this subject is led to 
the conclusion that the framing of ‘specifications for bituminous road vi 


binders is, and will be for many years to come, a matter of expert ao 
opinion individual | cases, and that, in view of the fact that the 


near future will ‘see an immense. bituminous road work 
carried on, every progressive road engineer should make a study of 
‘bituminous roa road binders, and, in all reports” of 
include the results of an examination of the binder which he 


CHARD, 


‘al 


Wes: 


in a satisfactory 1 manner “can be identified, and be 


regard to Mr. Crosby’s proposed pitch compound, it 
said that, while there is little doubt that under certain conditions a om 
material “meeting his specifications would prove ‘satisfactory, 

~ questionable whether such a guaranteed material could be generally ea jl 
obtained a at anything like a a reasonable cost. time— required to 

make an examination covering these specifications is another objec- 


_tionable feature. It might be added that, while Section 287 states that 


value to others who are e working along similar coming 


“the pitch compound to be used shall be a hydrocarbon, refined from 
or petroleum, | or made from natural asphaltic pitches by the 

e of a proper. r solvent or flux’ according to the writer’ s experience 

Jone will practically all gas- -house tar pitches are eliminated by Clause a, and 

ions, and coke-oven and water- -gas tar pitches by Clause j. 

ns for According to the wi writer's belief, any ductility test made as de- 

scribed in Clause is of little or no service in determining the 

srtain ob & binding value of the original material, for the reason that , when 

subjected to temperatures. sufficiently high to give a residue of the 


Consistency stated, many oils are so altered that the residue thus arti- 
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reement with those presented 
- 


Considered from a chemical standpoint alone, wide diffe 
= composition | existing between the two classes of | ‘bituminous binders — 
—tars and asphaltic oils—make it a difficult matter to deal with both — 
n one set of specifications. x This | can readily be shown by taking up ' 
he various clauses 8 separately and determining their value as applied 
t each | class of binders. | +f, By so doing, a number of interesting facts 
ointing ‘toward the most 1 rational methods of examination for each 
_ class may also be developed. _ As a consideration of this subject in 


———— would | constitute a a paper r by itself, only those agents 


Public Roads, ‘it would | seem _ that any specification limiting the per- 


minous sad in the United States Office 
A total bitumen 


clause could be for oils, and while the inte determinations 
are made i in much the same way, the amount of material insoluble 
in carbon disulphide ‘eould be limited to 12% ‘for most asphaltic oil 
products. cases where a material “such as Trinidad asphalt hed 
ee been fluxed with an 1 oil to produce the pitch compow nd, however, 
& allowance would have to be made for a considerable amount of in- 
organic material which, of course, would be insoluble i in carbon binad: 
 phide. As applied to tars, a clause limiting the free carbon contents 
to 10% would bar out practically all gas-h “house coal tars, and, while 
pe the writer firmly believes in the superiority of low free carbon tars, e 


seem fair to those containing more than 10% 


8, good results ‘have attended their 
= 


a bituminous road 


cal of the bitumens “present. "As this certain” 
limits, is believed to be almost directly proportional to the percentage 
of fixed carbon, it would seem that if any limitation is made it should 
be in the other direction, that is, the lowest limit st should be | 
rather than the highest. When applied to the bitumen itself, it is 
extremely doubtful if any ordinary pitch compound would show fixed 


carbon as high as 20%, and, if it showed as high as 15%, it could = 


* Assistant Office of Public Roads, U.S. of 


Crosby’s specifications for a basic pitch compound, the writer wish« 
to state that his views relative to the practicability, or rather the 
impracticability, of framing strict spe 
Bs 
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United States, and, in some te 
se in road construction, 
Clause _b—A determination of fixed carbon in 
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ING 


on hi ardly be expected | to meet the r quirements of Clause g. 


it might said that while an oil or asphaltic product 


carbon running: as. high as 1% might be satisfactory for construction 

work, the same would not necessarily true of a tar pitch, eve 

if the carbon content were ‘considered. JA fixed- 
specification, therefore, would seem to be « of value ‘mainly as s applied 


to oil and asphaltic products, in the manner indicated. es 


Clause ¢.—As- there is consid derable difference among 


a 


‘2 chemists, at the present time, as to the value of a paraffin dete srmina-— 
tion applied to road oils, the writer will not consider it in det ail. It | 


I ight be. stated, however, that, without such a determination 


The writer believes 


that, as. a rule, it is unnecessary in ae examination of ‘oils, as the 
chars acteristics of the base obtained yy a volatilization test will 


8 show whether paraffin hydrocarbons are present in sufficient qu 
to injure the material for road use. 


Clause d.—tThe main objection to. this is that a 24. hour 


tinuous volatilization test at a temperature | of 105° 


Clause « e. —While n no criticism of a ductility it can made 
on the original material, is here intended , it would seem to be of 


“Tittle or no value as applied to residues produced at high tempera- 

tures, for the reason that i in producing such residues many bituminous 

materials are chemically altered in such a w: way that a a ductility test 
_ made in the manner described cannot be depended on to represent 
q the characteristics of the original material. - ‘This ¢ can often be shown 
= by : a comparison of the relative fixed carbon, r phtha insoluble, and — 


carbon tetrachloride. insoluble determinations de ‘upon the original 


whie Clause f. —This clause will not be discussed, owing to its ‘Gizect. ; 
Lars, it relation to Clause d, which has. already been considered. 

10%: Clauses g,h, and determination of viscosity and melting point 
in the 4 is ‘is undoubtedly  maeiiaile value when it is desired to : apply a ma- 
their. “terial in a given manner and under given conditions ; but the writer 
es that a determination of the. consistency of a residue resulting 
us road a volatilization test made at comparatively low temperatures, 
rechanis, : say, 163° or 205° « cent., is of more service than that of the percentag 
ee rtain of. residue of given consistency can be at high tempera-— 
reentage- 
t should Clause . 


sf, it is it would bar ot out. ‘practically 7 all ar p 
| contain considerably more than 20% 
by distilling ‘between 170° and 270° cent. 


Clause k.—The only criticisms applicable clause have been 
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bbard. Clauses and m.—These clauses would seem to be applicable and 
to any set of “specifications, but it. should” be remembered 
ee that under ‘ordinary conditions where a a carload of material is to be 
“held up ‘until an examination can be n made, very limited | time can 
allowed for such an examination. From this point of view, alone, 
: it is evident that an examination, according to Mr. Crosby’s proposed 
requires entirely too much time to be practicable. 
ou Conclusions.—In ¢ general it would seem inadvisable to attempt to 
tai specifications for bituminous road binders, except for individual 
eases. Somewhat different methods of examination are for 
a oil products and tar products. - Owing to the fact that no 
_ standard methods of examination have as yet been established for these 
materials, reports from different chemists upon the same material are 
apt to differ greatly. — The establishment of standard methods of 
, therefore, should receive first consideration ; otherwise, — 
, exact descriptions of the methods which should be followed will have — 


be included in each set of Owing to lack of deta iled 


= as a means of identification and for the purpose of ilitinining 
which of a number of materials is best adapted to 1 meet given cond 

tions. Strict specifications, therefore, cannot be made satisfactorily 
‘such data are available. future experimental work with 


Mr. a a debt of for presenting for criticism, 


and is due primarily to a lack of knowledge of the 
Ss specifying the - requisite properties, and to the insufficiency of pub- 7 
v = lished data relative to the results attained by using various bituminous ; 


Without doubt, every highway engineer dealing with the con- 
et struction and “maintenance of roads subjected to excessive motor- cat 
traffic will welcome enthusiastically the adoption of standard specifica 
tions which will permit. of “calling for bids for a bituminous binder, 
with the expectation that | the material submitted will be adapted to the 
ninment of this desideratum | n will take from two to 
years of co- operative work on the part of chemists and of the high: 


exigency. . The attainment o 
engineers w who have: charge of the | construction, and 
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apers. 


the desired data in 


“notes” during below; Pe 

second, make a complete chemical and physical analysis of the bitumi-— 
material in accordance with ‘standard methods; and third, keep 
1 complete record of the condition of the road under varying 


will be possible, finally, to determine the essential requisites — for 
bituminous material to be used in any particular method of construc- 
tion, and t the Tequirements which “must in in 
order 


County. 


Traffic census.t| 


Distance to sourge of 
Area, in square yards. 
Nature of subgrade, 

neers Maximum depth and fill 
tenta- Maximum, mean, and minimum grades. 
~ a izes or grades of broken stone or grave 
terials Dates when construction was commenced and 
nd the months during which construction was carried on. 
‘Temperatures at 8 ALM. and 2 P. M. on each day d 

Location of car tracks, if any, relative ‘to surface. 
1e Number of hours in legal working 
otor-cat Average rate of progress per day, in square yards. 
pecifica Specifications covering construction of bituminous ‘surface. 

Data relative to “contract covering | the construction of the ae 

Bituminous material furnished by contractor, or by party 
Transactions, Am. Soc. ©. E., Vol. LXI, p. 446, 


method Of procedure which wou result in the acquisition of Mr. Blanchard. a 
to ol) ee + 
a 
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Mr. Blanchard. ale ~ Cost of bituminous material per square yard, if furnished by 


Cost per square yard complete. 


furnished contractor, or by party. 
Cost of bituminous material per square yard, if furnished 


Cost per square yard of bituminous surface complet 
ay labor plus percentage contract. 
_ Bituminous material furnished in ds contractor, | or b 
Cost of bituminous material per square yard, if furnished 
Cost per square yard of bituminous surface, cot rplete. 
Rebate on watering cart, labor, screenings, 
entage allowed on ext 
“Unit pric es (hour basis). 
Foreman, 


Man capable of handl 


atering 


mando within the: 


as mation from the con- 
es tests are made to determine the following properties in aceord- 
ince with methods adopted by Mr. Cros 


gravity. 
Free carbon. 


by evay oration for 
Penetration of residue. 
Melting point of residu 
Loss by distillation. 


Estimated cost per square yard over and pene cost of similar 


he. State of ‘Public Roads of Rhode 


a 
nous surface as a seconda 
: 
— 
— 
by 
sores, 
hi 
ic 
— 


Asphalts and Asphaltic Oils 

Melting point of solid asphalts. 


= 


Water-soluble materials. 
Specific gravity. 
Fixed carbon. 
Paraffin. 
a Loss by evaporation for 21 hours at 105° cent. ergo ae = 


Melting point of residue. 
Loss by evaporation for 21 a at 295° ce 
Penetration of residue. 
Melting point of residue. 
Solubility in in 88°. Baumé 6 naphtha. 


Other tests which are made in the Rhode Island sais are we a 
the determination of the cohesive Strength of the material under 
| applied tension, and the cohesive strength under impact 
_ The machines used in the’ Rhode Asland laboratory for testing 
strength of bituminous materials were designed by Henry B. 


q Drowne, Assoc. M. Am. Soc. C. Assistant Engineer, State. Board 


of Public Roads, | and he will describe these machines and the ‘methods _ “A 


The object « of the cohesion tests is to acquire information relative 
the comparative value of various bituminous materials from the 


‘standpoint of their ability to resist: first, the action of ‘motor-car traffic 


to devise covering - these essential 
i’ In writing specifications for bituminous materials to be used in 
“highway construction, o facts must be kept constantly in mind, 
he ah specifications are prove satisfactory: first, the relationship 
between a given requirement. and the value of that property | the 
, Rhode material when considered from the standpoint of a road binder; and 
accord _ Second, the advisability of limiting the requirements of the specifica- irs 
eae | i to those for which the tests can be made in a reasonable period. Ba aa % 
Pan, iP SHARPLES , Ese. the subject of. tests for Mr. 
ween methods 
suitable ‘to inserted in a pre precy which | 
of ‘scientifie or academic interest. Both the consumer and the 
manufac turer desire that a product with certain characteristics should ie : 
defined. The tests which 1 shall” confine the ‘product within: 
; — limits should be as simple a: as 3 possible | and easily « xxecuted in any wor Pe 


laboratory 


* Chemis, Barrett Manufacturing Boston, Mass. 
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to a cri ticism the for 

the as set forth by Mr. Crosby i in its 
form, requires or too 9 many tests, and some of them are much more ~ 


complicated than "necessary. Mr. Smith has" already outlined the 
objections to the tests, and ‘Mr. Hubbard’s is 


Crosby’ specifications call for fifteen different tests. 


ation ealling for not more than s six or seven tests ‘should define the 
| product with sufficient clearness. As a model, in the direction of 
simplicity, the specification of the ‘Highway Commission 
i £y for the recently advertised Milford work | is to be commended for its 
form, although the figures are subject to modification. Mr. Clark 
discusses the Massachusetts specification, and a few comments care 
Ce ie In the case of Mr. Crosby’s tests, as Mr. Smith has - ieee out, 
the free | carbon content required is 3 too low. A ‘definite minimum and 
- maximum should be set. ‘The test for evaporation loss should be 
_ modified so that it may be ‘compassed in one working day. _ Equally 
- good ‘results may be obtained, it is believed, by shortening the time 


4 
4 


The viscosity should be made on and 


preferably should be modified so that ‘it will indicate the 
conclude, the speaker believes that ‘the following t tests are suffi- 
cient to define a a coal- tar pitch” ‘compound: _ Specific gravity; 
carbon; 4 distillation test, ‘including tests of oils and pitches: obtained. 


g To these may be added a viscosity or penetrometer test. 


Ww. Esq.* been very ‘interested 


in Mr. Crosby’ and i is to take part in the discussion. 
* has | been stated by the author, the paper differs, in many respects, from 

the: form in which the s) ‘speaker first saw it, that i is, as now presented, 

the limiting figures i in specifications have been “omitted. 
‘During the past nine months the ‘Highway Commission of Massa-— 
chusetts has had under way many laboratory and road experiments 
on this ‘subject, and» a large” number of samples | have been examined 
apa) chemically | and submitted to physical tests. Up to the present time, 
ahout 250 analyses of. "tars, refined tars, asphalt oils, oil asphalts, trade 
compounds, etc., have been made, and, as result of all this work, 


certain specifications: have been drawn up ‘in regard to tests which 
these: road materials should pass to show y certain qualities which they 
ust - possess i in order to make them of value in road work. In this 
a - experimental work and in drawing up the specifications the Commis- 

sion has had in mind no theoretical material which, perhaps, might be 


of grester value as a binder than any now on the market, such 4 
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if ‘material as probably have to be found 


specifications, as first presented, were held to; but, rather, an endeavor 
~ has been made to find out, from experimental roads and analyses of 
materials, which of these binding materials in each class has thus far, 4 
apparently, given the best results, and the specifications have been — 
framed SO that only the best of these materials, judging from chemical — Bs 
analyses and practical results, will pass them. It has been thought — 
necessary and most practical to have separate specifications for refined _ 
‘tars, asphalt oils, oil asphalts, and natural asphalts, and in compiling a ; 
_ these specifications the aim has been to make them as simple as a ee 
possible, that is, not to make the labor of analytical chemical work a 
and physical tests in various laboratories unduly arduous, | but to 
_inelude such tests as will ‘surely, from what is known at present at 
E least, cause the use of desirable binders. 
he ‘methods of analysis used by the Massachusetts Highway Com-— 
mission — differ to some extent from those outlined by Mr. Crosby. a 
i They are simpler, ‘and it is intended to make them publie : soon, in = 
order that those submitting binding materials can know just how 
laboratory. work of the Commission is done. It is not necessary 
: enter into a discussion of these n methods, however, although atten- 
tion may | be -ealled to one or two” points. Considerable has as been said 


in regard to physical tests, especially in the way of suggesting that 


developed. been believed from the beginning that ‘some work 
of this sort was “necessary, and, for the past nine months, briquettes vie 
been made of certain proportions of sand and the bituminous 


materials undergoing examination, and these briquettes have been ‘sub- 


tests similar to those to which cement is ‘subjected be eventually 


mitted to certain tests. This was started coincidently with the chemi- 7 
Boas work, ; as it was believed that materials proposed : ‘as binders should | < 
7 q ow some binding property, and this property can certainly be shown A en 
quickly by physical than by chemical methods. Of course, the 
chemical analyses are of more importance in many respects than any 
Thysical: tes test. _ The specifications which the Highway 
has just issued, include a briquette test. In studying these briquettes, _ 
however, it is fairly evident that it does not necessarily ollow that 
those binders which ‘soonest produce hard and s strong briquettes 
the most valuable. In Mr. Crosby’s paper, as first presented to the Se 
‘speaker, there was one e specification covering the loss which the material 
- should undergo when 2 20 grammes were heated i in a flat-bottomed dish, 
ete, for a certain number of hours. In its work the Mascachusetts 
Commission has found that the various classes of materials 


“Tust be differentiated in this respect, for - the refined tars and asphalt — ie 
oils act very differently one from another this question of loss of 


Weight, and that, on the other hand, the oil asphalts may, and often 


a gain in weight when kept at a high temperature for a prolonged period. a eae 
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Abi 


aN het; no hard-and-fast rule can be g given in 1 regard to the absolute simple, 
oa which a good binder must take in passing through a capillary tube oe 

= a certain diameter, ‘equally § good binders, as far as has been discovered, 
—— great variation in this respect, and in the specifications for 
each class of material quite wide limits of viscosity have been em 
Mr. Crosby appears to have no statement in regard to 
‘ile gravity, but it has been f ound that the best materials of the 

os oa different classes should have a certain specific gravity, if they are to 
be of value. For instance, specifications of the > Massachusetts 
_ Highway Commission state that the asphalt oils must have a specific — 
‘gravity of 0.97 Oils” with a specific gravity much less than this are 
oils, with very little binding power and very little 

residue. — They may be of some value in treating old roads, perhaps, 
but they are probably of little value construction. To illustrate 
the: ‘simplicity of specifications of the 

Commission, those for refined tar and asphalt oils are included here. 

a As stated previously, however, it is not to be supposed that the specifi: 

je cations cannot be improved, and that they will not be improved by the | 
——- Commission eventually, but it is safe to say that any refined tar 
answering to this set of specifications will be included, as nearly as 

ro a determined, in that class which gives the best results in road work. 


SuGGES NS S FOR 
SUGGESTED ‘Spec IFICATIO. FOR T AR 


The ‘tar shall be uniform in color, character, 
viscosity, and shall have the following qualities : 


‘ina 1 a shall contain not more than 0. 5% of mineral matter or dirt. 


Ps 2.—It shall have a specific gravity between 1.18 and 1.25. 
ee 3.—It shall not contain more than 14% by weight of free ect. 
.—It It shall contain which distils. at a temperature 
225° cent.; ; not more than: 10% by weight shall distil 
below 270° cent., it. shall ‘contain at least 65 1% by 
of. pitch or - bituminous material remaining after all 
360° 
sow bodies 1 up to 360° cent. have been distilled, 
hen 20. grammes are heated in a flat- bottomed dish, 3 in. in 
diameter, » twenty -one hours, an oven at a 


temperature: of 100° cent., the loss shall be not more ‘than 


, measured at ih 
temperature Fabr. or 26° cent.), shall, when at. 100°, 


oh, 08 cent., be not less than 85 sec. and not more than 240 sec. . in 
passing through orifice in. in di: :meter, 


when acting under a head of 44 in. 
—When 123% by the is mixed. - 814% 
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of sand, of that all of it will ‘pass ss Mr. Clark. 
_ through a sieve having 10 _meshes to the linear inch, and Ri 
that practically n none of it will pass ‘through one with 190 
aay meshes to the linear inch, and briquettes, 3 in. square >and 
4 
eg in, thick, are made, such | briquettes will harden to such 
th an extent in seven days, at ordinary room temperature, . 
when they are laid flat and held by their edges two 
5 _ parallel knife-edge bars, they shall not bend when a weight : 
is suspended from a third knife- -edge or parallel bar eal 
across their center, until this weight reaches 200 grammes, 
and ow shall not at less than 250 and the 


a the weight which 

Suacestep SPECIFICATIONS On. Ss. 
way eee The oil submitted shall be of uniform color, appearance, eee 
nere. character, and viscosity. It shall contain no bodies not 
ecifi- present in an asphaltic oil, and shall fulfill requirements: 
the | It shall not contain more t i 
can shall have a specific gravity at least 0.97. 


It shall x not contain more than 1% of matter icine in 

a carbon bisulphide, and shall not contain more than 10.0% — 

of “matter insoluble in ‘petroleum ether, 

Tt shall contain no body which distils at a temperature lower Fear: 5 
25 50° cent., ‘and shall not lose more than by 

-It shall be of such viscosity that 60 cu. eas measured at room 


til 
view 20 grammes are heated in a flat- jottomed dish, 8 i, 
diameter, for twenty-one hours, in oven kept at a 
temperature ¢ of 100° cent., it shall not lose % 
by weight ma erial mixed with 873% by 
= sand, a1 and 3 in. square cand in 
keep their shape and show 
rt = 
at 100° q 
se in Blanchard’s remarks in regard to mixtures of tars or refined 
‘ameter, tars and asphalts are very interesting. fact ‘that builds 


beautiful roads, which everybody seems to testify to, with this mixture, 
is simply an ther illustration that theory and practice do not always” ce 
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DISCUSSION. ON -SAMPITTIC SURFACING 

- with this mixture, as the two bodies, when mixed, do not combine, as 
ean be seen easily by examination under a microscope, and if the ; 
proportion is not right, a spongy, crumbling mass results, and bri- 
-quettes made of sand and this mixture have no cohesion 

The fact stated by Mr. Blanchard that the’ asphalt comes to the surface 


forms a ‘surface coating, je shows the two are not 


‘and, perhaps the best wa ay, of g a surface of. 


OC. E. _ GRUNSKY, M. “Am. Soc. C. E. E. (by letter) -—Prior to 1900 
“no “attempt had been to prescribe | the quality of 
ie materials to be > used for paving purposes in San Francisco, J 
Cal. The first bituminous rock “pavements (rock asphalt) were laid 
about 1887. The specifications were silent as to. the physical or 
chemical properties of the asphaltic ‘material, the most that was pre- 
seribed being a minimum percentage of bituminous material. 
nately, the materials: which were then available were admirably adapted 7 
- for paving purposes; the sand impregnated with the asphalt was of 


quality, well graded, and, as has been demonstrated under the 


- test of actual use, the ‘asphalt was of a quality in every _way suitable 


for paving purposes. ‘Tt is not surprising, therefore, that the | 
contractors succeeded, by a a judicious mixing at the “quarries 
materials of various degrees of hardness, in furnishing ‘rock asphalt 


a: serviceable « alike 1 under the hot summer sun in the interior cities of 


_ California and under the cool breezes of the Bay ee 
Notwithstanding several failures of asphaltic 1 wearing at 
Sacramento, there was put down, _ in 1888, a pavement in the’ rear of 
the State Capitol, u inder the advice and | supervision | of the writer, 
which, after 20 years, still in fine condition, and on which there 

have been no repairs. The traffic, however, is not heavy. 
BPA eet The generally satisfactory quality of the bituminous materials used 
n street and Toad work is} well recognized. 


fact. Some of these pavements were more 15 years ol Md. 


‘miles, and this ‘mileage’ included many -down-town streets having 
heavy traffic. _ The experience, since the first of these Pavements was 
San ‘Francisco, indicates that about $200 mile 


of the wearing surface ‘which is 
“more than 10 years old, would keep the streets in good repair. ' This 
as not the amount expended or repairs. 


: The aggregate length of streets paved | with bituminous rock was then £ 
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t fallen about $80 000 behind the mount ‘that ‘should ex- 


more years old, minor repairs at a cost of dient 1g 
~—_ cents per sq. yd. per annum, and that, in addition thereto, the wearing- 
surface renewal I cost would be about 38 cents. 
Several years prior to the date to which the refer, the 
ity of San Francisco, under the writer’s supervision, had established 
It. a a testing laboratory. Plans were for a careful examination of 
Pr : the asphaltic materials offered for | use, as well as of asphalts raga 
from_ ‘pavements which had been in service for some time. It wa 
= hoped that such an examination would enable the chemist to detect 
those properties of bituminous material which were essential in making 
aid ; it valuable as a binder in the wearing surface of a street or road. No | 
information at hand to show whether or not this work hse been 
The abundance of bitumens and of oils with an asphalt 
ted California, which ‘are a admittedly serviceable in yo building, has 
“ of _ rendered the use ¢ of coal-tar products out of the question in that | State. aa 
even the by- yy-products of « oil distillation w willingly accepted 
ak for use on city streets. On this subject, 1902, as City Engineer of 
bie: San Francisco, | the writer called : attention, as he had done in previous -_ 
‘= : official reports, to the desirability of ‘permitting the general use of oil Joe 
asphalt in paving work. The view taken California is a 


great producer of oil, and, therefore, as far as practicable, the home" 
Buses of the products of the oil industry should be demonstr ated and 
extended. The serviceability of oil asphalt as a substitute for the 


| natural solid asphalt was not determinable short of a practical test. 
yriter, 
“Its use on a few of the city streets, under various conditions 
traffic and on different kinds of foundation will, it is hoped, go far 
toward determining the question of serviceability. It may be stated = 


8 used 3 this connection that the California oils nearly all have an asphalt 
follow and not a paraffin base, and that, therefore, the possibility of producing 


ferring an asphalt, in the course of the oil- a process, see will have prop- 

on this 

we 
as then 
having 
nts was & = and that | even when the refinery was known, the source of ‘in 4 
nile per oils s and the character of their mixtures might remain in doubt. It 
an area stated that at, least five years. should elapse before final judgment mt = 


can be passed on an asphaltic paving material, ar and that, some 
instances, even 10 years might be required to a verdict. 


Tn meantime e the use of oils, and particularly of the heavy oils 


of the: California type, a as a binder in sampittic wearing surfaces has 


tap 


2 

— 

__one-nait Of what was required to Keep the streets In good condition. 
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which will, seven! fully the of any 
- material as a binder. This value will depend not only on a satisfactory 
oe condition of the road surface at the time of its Somgeyiien, but also on 


* 


on the nature of the rock which are together, 
ess and mainly on the life of the bituminous binder. This useful life can-— 
not be predicted for untried material until possibly after sufficient | 
iat number of 51 successes and failures in actual practice have been. recorded, 
together with adequate information relating to the Properties: of the 
materials disclosed in the laboratory, and of all conditions 
under which such materials entered into | the work, then be 
Roe ig possible to write specifications s so that they will exclude all. undesirable 
— while admitting all those which are. known to be good. e 3 
appears to be hopeless at this tim me to devise laboratory ‘experiments 
or tests of the quality of sabuthinees of this class which, with the 
information gained, apart from actual u use, determine ne their 
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little time, and that need be made to 
_ imitate in the laboratory the conditions under which the materials 
re to come into use. The old method of determining the petrolene— 
nd asphaltene contents of the bituminous ‘compound, and then deter- 
mining the viscosity, ductility, adhesiveness, hardness, and behavior | 
water, and under temperature « changes, ofa residuum 
‘dust as to lead to a form of reliable for 


os While the materials which are offered are being tried out on road: 


ways, however, full records of their chemical and physical properties 
eee be preserved, and the methods of ascertaining | these properties gs 
should be standardized, so from year to year the results may be 


_ compared. _ This is a matter which should not be confounded with the 
_ prescribing of simple yet adequate laboratory tests to appear 0 or to be 
"referred, to in specifications for road work. — The thorough discussion of 
this Paper will be welcomed by : all highway "engineers, a and it is to be 
ee Seer that the author’s efforts to secure a standardization of laboratory 
Processes a. and of specifications will bring about t the desired result. 
California is in the movement for good roads. ‘The’ State is soon 
«3a _ to vote « on a proposition to issue b bonds to the amount of $18 000 000 for 
new roads. One county is now expending $3 000 000 on its roads, and, 
in another county, a | bond issue of $1800 000, has voted — 


the last few months for ¢ a ‘similar purpose. Sa 
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seems to ‘the writer that at ger 


‘ifications as to the essential qualities of some of the bituminous 
now on the market can be written. Chemical and physical 
tests will show that a bituminous material ‘possesses certain char- 
acteristics, but whether or not these characteristics a are detrimental 


| 


PER 
of the material in the road for a period of some years. It is im- 


portant now, however, to develop tests by which the materials can - 


% 
to have enough tests, and of such a character as” 


or beneficial ean only ascertained observation | of the 


account. for all phases of the action | of the material, from the stand- 


: 


pane of both construction and service. Ih . order that work in n different — 
parts of the can be compared, it is of the utmost importance 
“uniform “methods of bituminous materials should 
adopted and the writer believes that Mr. Crosby’ and its dis- 


cussion will aid in bringing about this result. 
the Rhode Island laboratory, the engineers have been trying 
to develop two physical tests bituminous materials t ow the 
cohesiveness of the different ‘materials under uniform tension and 
sudde n shock. For convenience, the test with | the steady pull is called 
the cohesion test, and that with a sudden shock, the impact test. ae 
series of experiments was made on -in. . cubes of stone cemented 
‘together with different bituminous products. The methods in 
_ making the tests were rather ¢ crude, but the results showed that with 
different appliances as satisfactory test might be expected. After 
some: study, it was decided to use metal block the impac 
and metal plates for the ‘cohesion. test. Metal was. ‘chosen be ause 
the same surfaces could more easily be produced, the metal is easily 
cleaned, and is durable; whereas, with stone, the kind of stone, its” 
structure, and porosity ould all be factors y 
results of the tests. 


Fairbanks cement testing machine, 


ie uniform tension. required it 1 making the. This 


th 

q ‘machine was selected because many of the State highway and othe 
lhboratories ar are equipped with one. The modifications necessary t 

“adapt this machine to the cohesion test are simple and readily dupli 

- ated, as is shown by Fig. 1, Plate XX. The two clamps which | hold 


the cement ‘together with ‘the ‘cast iron 
ly Which 


be added the to ‘a scale beam to a tr 


balance. The test plates are bronze castings of such a size that a 
Ad anne of the illustrations for this discussion were not received in time to be re 


number Proceedings, They will be shown the paper is pr 
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be no eccentricity The are cemented and ¢ are 
connected to the upper lower castings and tested. 


4 


es aes. The impact ‘machine i is practically a miniature pile- driver, as shown 
by Fig. Plate XX. he essential parts are the leads, the 2- lb. 
weight, plunger and gu guides, ‘the clamp to hold the test blocks, 

; and the stops: on the leads to catch t the weight when the ) specimen fails. ; 
The test blocks are 1- in. bronze cubes. The blocks cemented 
- together and placed in the clamp so that one of the » blocks comes under 
in the plunger. The weight is then raised and allowed to drop on the 
b. _ Plunger; the number of blows are noted, and a also the height of fall of | 


_ the weight that causes failure. 
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this is as for ‘the facts and opinions: 


THE DESIGN OF TANKS 


ESSRS. es B. Burpicx, 


. (by letter .—The Mr. Burdick. 
author is be for in form the require- 


q ments for the design of elevated tanks and stand-pipes. The —— 
of the paper, however, would be greatly increased by taking nana. 
_ items separately and giving the reasons which led to the concl 
+e regard to Section 7, on Unit Strains, apparently no ‘ 
consideration is given t to the action of ice, which i is generally a 
producing an important stress. In a measure, this for 


"requirement for minimum pr 

strength at Lens top of the tank 1 where the ice action is pull 

It seems to the writer, matter of climate should 

“be given consideration in fixing allowable unit stresses. Good design 
will not permit the same strains in such extremes of climate as 
-Alrida on and Minnesota. . Iti is considered good practice in the vicinity 

of ( Chicago and northward to limit the plate unit : stress to 10000 lb. 

_ Per sq. in. of net section for tanks in which the plate is directly ex- 
posed ‘to is believed, however, that proper design 
permits greater unit stresses where the steel | is” enclosed or encased ae 


bya protective covering which eliminates or reduces to a minimum 
* This discussion (of the paper by C. W. Birch-Nord, Assoc. M. Am. Soc. O, B., printed 
in Proceedings f 


me or March, 1909), is printed in Proceedings in order that — views ool 
> brought before ail members for further discussion. 
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by. 0. E. ‘SEL ny, Jun. Au. Boo. C. letter) — s 
ae a desirable addition to the list of standard engineering eee Ss. 
specifications for structures included within the scope of 

the paper have been, to a great extent, , the ou output of designers employed 

by manufacturers, and have shown the effects of the latter’s bias, 

this discussion s seems to be largely in the line of ‘pointing 
; __ shortcomings i in the author’s specifications, it | is not done in any spirit 
of criticism » but with a desire to | see the specifications properly ampli- 
fied completed they pass into a form which may be 
adopted as a standard. ti is is the writer’s 8 view that a technical specifica- 

tion should be something 1 more than a mere check on the ‘contractor; 

it should be a manual of design, complete enough to be a guide for d 
‘the designer, whether he be employed by the purchaser or -manu- 
‘ facturer, and should be so explicit and unambiguous as to permit of 
little discretion on the part of the designer, to the end» that two 


_ independent designers working from it will produce — * the 
a The specifications seem to start with the assumption that the 
general dimensions of the structure are fixed. should not be. 
For any given capacity and pressure there are certain economical 
‘e ratios between height and diameter for elevated tanks, and there e are 


other ratios for stand- -pipes. Something relating to these rules of 


‘The specifications cover only stand- pipes ar and elevated 


form of elevated tank is ignored, “that a semi- 
elliptical bottom and a small stand- -pipe extending from the bottom 
ee. to the ground, which serves both as a partial support for the tank and 
as a frost- proof inlet. This form is used largely for railroad water- 
station ‘tanks, and the features which a are peculiar to it should be 
included i in this manual of design, 
; 4 a is convenient to assume the weight of water at 62.5 Ib. per cu. ft., 
because this makes convenient figures for calculation, namely, 8} |b. 
‘gal. and 7% gal. per cu. ft. The of two- thirds of the 


4 
af 


plates, ‘while: a of 16 000 Ib. per sq. in. is in parts 
of the structure. - This is in accordance with common practice, and 
gives’ ‘good ‘results, although there is ‘no apparent justification for the 

ie reduced unit stress. The tank plates are just as strong as structural 
shapes, and the loads’ coming upon them are just as capable of exact 
course, the ordinary reason for using a reduced unit 


8 to extra section to cover corrosion and other | forms 
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8. Paper DISCU SSION ON ELEVATED TANK AND” ‘STAND- PIPES 513° 


‘an arbitrary addition to static 
pressure and net section. In fact, the writer has found it desirable and 
not any great hardship | to specify an additional thickness of vei in, for 
tanks designed for a unit stress of 12 000 Ib. 
¥ _ The allowable shear on rivets is given as 12 000 Ib., with no stipula- 
i - tion that there shall be any reduction of this unit stress for rivets in a 


oo plates. If the tank plates are designed for 12 000 Ab. per sq. in. 


unit “stresses in ‘shear bearing. The allowed shear 


tor; rivets and bolts i is lower than that usually permitted. | It is customary a 

for to prescribe that the number of field rivets shall be increased to 25% x ar; 4 
mu more than the number -Tequired for shop- driven rivets. On this basis 
t of ’ - the e shear in field rivets would be 9 600 Ib. per sq. in. instead of 9000 Ib. — gy 
two No information is given in the ‘specifications as to the efficiency 7 7 
riveted joints. . This is an important feature in ‘designing tanks 
and boilers, as the computations, usually, are made directly on the 
the basis of the efficiency of the joint, rather than by the more indirect: 2 “ae a 
t 1 "process of computing the net section. It would be desirable to include 4 
nical ff ata table showing the computed efficiencies of single- and double- lapped 7 : - 
are joints and single-, double-, and triple-riveted butt joints for various 


of of plates and diameters of rivets. tables are. used 


i by every manufacturer, and are published by some of them ae 
with» of the percentage of efficiency in the joint results i a 
simple formula for determining the thickness of plates in tanks sub- 
semi- ' Lhe to hydrostatic pressure. Thus, if, D = the diameter of the | 

ottom tank, in feet, H — the height, in feet, from the point considered to — 

kk the surface the water; th the pressure, pounds per square inch 
water- 0.434 H. tension in the plate for 1 in. in height 

ld be D . The required net area of the plate for in. in height 


A being the unit stress, in n pounds per ‘square inch of net 


cu.ft, ction. For f = 13000, A= 26 D H ~ 13000 = 0.0002 D H. For 
an efficiency of two-thirds i the riveted joint, the “gross area i in Lin. 


xposed of height = the thickness of the plate, in inches 
yractice 9.0003 D To this should be added the additional thickness of 


is ratio already referred to. This formula, thickness of plate = 0.0003 D H, 
‘makes a convenient and rapid method of determining the thickness 
tank) of ‘tank plates. For a unit stress in tension of Ib. the same 
er parts formula results, if an efficiency of 72% is assumed. 
ce, and it 1s customary to design on a basis of efficiency of at least 66%, ae 


for. the that would rule out all single- -riveted lap joints. Section | 


ructural Specifies lap joints for vertical seams in plates in. thick and less, 
but does not specify whether: they shall be single or double. They 
should be specified double- riveted, with exception of 
be in x 


3 
— 
red 
‘ 
out 
= 
4 


N ON, LEV. VATED ) TANKS AND TAND- PIPES ES 
Me en Selby. — riveted butt joints with the rivet diameters. specified it in ‘Section 
es 15, will secure an efficiency of at least 0% up to and including a 
thickness of For that reason it would. seem desirable to design 
for an efficiency. of 70%, and specify -triple-riveted butt joints: for 
_ The unit stress in compression should be limited toa maximum of 
Be: Section 10 is ambiguous in that it an unit stresses of 20000 Ib. 
in bracing, without specifying whether the unit ‘stress referred to is for 
tension, compression, shear, or bearing. gives a desirable: addition 
to the bracing—which | otherwise may be » designed too light—to assume 
a an arbitrary initial stress in all bracing members. of 5 000 or 10 000 lb. 
ae Section 12, specifying that plates forming the sides of cylindrical 
- tanks shall be of differe nt diameters, i is not explicit. Of course », it 
‘means that the inside diameter of one plate shall be ‘the same as” al 


diameter of the next one opal’ 
In Section 13 it is not clear just what is 
oh ‘Section 16 specifies that. than § in shall be sub- 
_ punched and reamed, but does not specify the diameter of the punched 
hole and the amount to be removed by reaming. 
ection 29 gives a rule for proportioning the stiffening member 
around the top of the tank lal specifies that the « section modulus may 


reduced under certain conditions, but does not specify definitely 


to what extent it may be ‘reduced. ‘4 
This 


—— 35 allows an additional height of 6 in. for over-run. 
is not clear. * resumably the meaning is that 6 in. in height shall be 
added to that required for the specified capacity in gallons. 
re Section 36 specifies that the bracing i in "towers shall be adjustable. | 
Yertainly riveted bracing: towers is better practice, although ad- 
——_justable bracing may | be allowable, o on the score of elie, ond the 


4 iv eted bracing not be 4 


many -anchor- denen of the the base pl the 

column without provision for developing properly the full strength of 
the bolt, , and this should be covered by a specification 1 which will insure 

ay 38° concrete sufficient i in to take the uplift, 

tt is good prac tice to. 
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‘ concrete to hold the mass together ; otherwise, this provision is ‘opt to be : 
overlooked, thus resulting in bad practice. 
Sections 40 and 41 specify that the quality of materials _ and work- 
-manship shall be according to certain specifications r referred to 
name. Tt would add little to the bulk of these specifications and much 7 
their completeness if the st specifications for quality of materials and 
Section 42 specifies a shop coat of ‘approved pain . It may be hope- 
less to try to get the Engineering Profession to agree on an approved 
paint, but probably red lead would more nearly sa itisfy the ideas: 

must members than any other one 
_ The. specification has" covered only work: of the: designer 
manufacturer of tanks, but, inasmuch as most contracts for tanks 


seem 1 desirable to give for ‘erection, testing 


It is to be regretted that the author a not see fit to g give some text 


1 

rember 

"paper or as be adopted the Profession. 
It t appears: to the writer that, in their present form, the specifications 

4 a F not drawn as carefully 2 as they should be; that some ee 

be omitted, others added, or ad and other advantageous ¢ 

5 1a 

ustable. 

ad J 


er place, 
vee elevated tank can be intended. 
2 It is inferred that by “tower” ’ is meant the fr ramework supporting im. 
an n elevated - tank, that a “tank” 1 may be thus elevated or may stand “ 

with its : bottom a at or near the » surface of | the ground, and that a “stand- SS : 


pipe” is simply a tank without a mut a 


and the 
xcceding 
strength, 
excess 
ch would | 


the the author word “tank” at in a sense, 
te 0 e 


stand-pipe, it leaves co considerable uncertainty in other places, 
for example, in Section 31. ‘it is assumed that stand- pipes are 


roofed, issue might taken with the author that they are not 
aut 
the uplift genera ly roofed in the climates unless: enclosed in a. building | 
actice or “tower, ‘the the ice 
rac wh 


ght of the 
p rovision 


. per cu. ‘ft, 


Sy 


e nearly correct and 
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ELEVATED TANKS AND STAND- PIPES [Pape 


more convenient to use; or, what would be better ‘still, that 
- Section 3 be stricken out entirely as being unnecessary. foie | 


Section 12 appears | to be drawn rather in several respects. 


he that in “both the inside 

shall be beveled for caulking,” the author 

7 r probably ‘means that the inside and outside edges of the plates shall 

ale be beveled for caulking ; if 50, the wording of the section should be 

Although the of the side plates alternately inside and 

, what material objection is there to 


£ ‘conical, so that the top of one course enters the bottom of the one : 


next above it? The writer asks this for information, as he has heard | 
: manufacturer of stand-pipes state that he preferred to build in that J 
5 way, believing it would be more satisfactory, as all the inside caulking J 
= of the horizontal joints would be over- -handed, and wn - done more 


author’s: ‘specifications ‘not state the ‘Manner in which 


sibly these with others, to be shown on be 
submitted, although there is: no reference to such a plan in _the 


- writer’ s opinion that for large stand- -pipes the use of both inside 
and outside angles is best, riveting the bottom | plates as well as the 
oe side plates, to both angles. If either angle is omitted, as it may well 
bes at times, it should be the inner one, because an outside bottom angle 
gives the stand- “pipe a slight additional factor of safety against over 
leak occurring at the angle can be without 


drawing off the water. Thus far, the writer has always found the out: 


is suggested that the specifications should that all caulking 


= shall be planed to a proper bevel, or that vou caulking shall be 


with a round-ne nosed. tool. : 


and other 
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— tand-pipes also? What is that the courses forming the 
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but if the contractor for the stand- pipe 1 is to build the foundations also, 


DISC USSION ON. ELEVATED TANKS AND STAND- PIPES 


The meaning of Section 35 is not clear to the writer. Certainly Mr. Hopkins. _ 


ot 
several different meanings could | be aseribed to it. it is assumed 


that the | engineer for the “owner” is designing the foundations | on. 

which the stand-pipe is to rest, then Section 38 might well be omitted; 
then a complete specification for concrete should be added to. Section 7 
38. Unless the contractor for the stand-pipe, tank, or tower, is. to build ss a! 


the foundation, Section 11. and Table 2 might as well be omitted, 


especially the first half of Table 2, because the engineer in charge must 
satisfy himself as to the safe loads, and for these no general s specifica- 
tions, such as those proposed by the author, should govern. 
a In reference to painting, the writer believes that such inaccessible — 
parts as “laps in contact” should be either painted or oiled before 
, the shop. | Specifications prepared by him and his associates 


have usually provided that, before leaving the shop, all steel shall be 


thoroughly cleaned of rust and scale, and be thoroughly coated with 


3 boiled linseed oil; ‘that inaccessible surfaces shall be painted before 
erection; that, after the stand- l-pipe has been tested and found to 


- tight, it shall be painted inside and outside with the paint (or varnish) — 
specified ; 1; and that NO painting shell ‘be in 


'S Section 16 states that “plates more than 3 in, thick shall be we 
punched and reamed. The writer believes that all punching of plates 


should be done from the surface which is to be in contact, and that 
in plates as thick as 3 in., or thereabouts, the rivet holes should be. 


~ 


he Manufacturers’ ‘Standard as revised on on 


= 


no scarfing or other work shall be done on: the steal 
_ below a specified temperature. The diameter of the die used in punch _ = 
ing rivet holes shall not exceed that of the punch by more than tes in. s 
All rivet holes in horizontal seams of stand- pipes may be punched. 
All parts shall be adjusted to a perfect fit and shall be marked before — 
leaving the shop. Eccentricity of rivet holes, if not sufficient to 
- Tejection, shall be corrected by reaming, and rivets of larger size shall — 
be used in the 1¢ holes thus reamed. . The engineer or inspector shall have 
~ the tight to require driven rivets - to be cut. out at random in order to. 
inspect the quality of the workmanship. Rivet shall not be 
4 allowed, but leaky rivets. shall be « cut out and repli , 
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writer would suggest the following, a8 some of they should 
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angles shall be shaped to the 

— 
= 

— 
fications 


kins. The riveting shell not crack plates or or angles. The plates ‘forming 
courses shall be as long as practicable. 
_ Tnasmuch | as the Manufacturers’ Standard Specifications for work- 
‘manship are short, it might be well to mys them entire, or perhaps” ; 
only the with any others which might be thought 


_ advisable, thus having convenient , for the inspector on erection, the 
complete specifications | governing the w work under his charge. 
The author’s specifications omit mention of the: inlet out- 
and « overflow pipes of stand- -pipes, and, although they | describe a 
ladder for a tank, they not mention one for : a stand- pipe—auite 
a a necessary adjunct. ae is evident that. there should not be an inside. 
ladder in an unenclosed stand-} -pipe where ice is likely to form. 
Assuming that general specifications are needed—of which there 
‘be some doubt— —it seems to the writer that, to avoid confusion, 


might be best to separate the proposed ‘specifications into cpcitice- 


to them “under in the same speciation, 
following some general of ‘such parts as” are 
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SYSTE OF COST KEE PING. 


Messrs. P. >, 


the at which they made. Their ‘value 


rapidly with time, distance, and | changing personnel, for, while it may 


be permanently | recorded that a. piece of work cost a definite sum, it 


becomes increasingly difficult to determine just what that piece ot 
work was, and all that was involved in its construction. The numerator 

‘is known, but the denominator i is often most uncertain, and the quo- — 
tient i is what is needed as a guide. Records | involve ‘the expense of ty 


"preparation and the mental effort of examination and future incor = 


- value, are drowned i in masses | of details of slight transient importance, 

Which rapidly Jose their value until, practice, e, the records are not 
iound worthy of the time and mental effort required to consult them 

deviser of a cost- gon is 


must his enthusiasm ‘by considerations ‘such as these, and stop 


discussion (of the paper by Myron S. Falk, M. Am. Soe. C. E., printed in Pro- 
or March, 1909, is printed in Proceedings in or der that th 
before all members for further discussion. 
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L. Reep, M. Am. Soc. C. E. (by letter) —As the author points Mr. Reed. 
ei” 
— 
lan 


to some of the details” of the described, which 
ek onmen to be a very good one, the writer occasionally sees a voucher 
_ee - similar to Figs. 1 and 2, on the outside ¢ of one fold of which i is printed 
the check upon which the bank makes ‘payment. . This seems to have 
"some advantages, as the endorsement on the back of the folded voucher — 


is likewise a receipt for the amount of the bill « as summarized on ‘ed 


fold and distributed on the other, much as in n the case of that illustrated 


“though, possibly, not so popular with the banks. 
preparation of the time report, Fig. 4, on a fresh card or cards 

each day, with names, rates of pay, etc., would seem to involve an 
amount of clerical out of proportion to its value. entries 


are made by day, the weekly pay-roll form. in ‘Fig. 9 
7 
apparently serves every purpose of of that shown Fig. 4, except t to 
inform the head office daily of the name, hours worked, and rate of 
pay of each employee, which does not seem very important where the 
of the force account by trades is sent in “daily 


on the form, Fig. 5, and the names, ete., , weekly, on the form, Fig. 9. 


_ Where the force is large, or where the week? of time and cost keeping — 
is divided between timekeepers_ and cost clerks, it is necessary to 
assign numbers or other simple characters to the different sub-heads 
under which the work is divided, and to enter these characters opposite _ 
the names: of employees on the time -eard, so that the labor charges 


be properly distributed by one not in with the work 
Assoc. M. Am. Soc. C. E. (by letter) —When in 
‘charge of various pieces of construction, the \ writer has always 
to keep close and accurate costs, in n order to check, not 
only the unit costs of different classes by | Previous wo work of the same 
class, but | also to present to the company, at the end work, 
accurate and minutely itemized valuation of of the work done, for 
and insurance purposes. ‘He has used ‘practically the same 
system in his is work Superintendent of Construction for the Moun- 
tain” Copper. Company, Martinez, the American Smelting and 
Refining Company, at Chihuahua, , Mexico, : and the Mammoth Copper 
& Mining Company, at Kennett, Cal.; therefore, ouly one of these cases, 
for example, the construction at will | be described. 
The first t step of the ayeere involved giving a segregation number 
each piece of work. This minimized the clerical work, and also” 
gave convenient ‘Teference to ledger accounts. In this system of segre- 


lai whole numbers are used for the main divisions of ‘work and 


ea decimals of va various length for the sub- -segregations ‘under these divi- 


sions, This provided for a combination of all the decimals of a certain 
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General Expense: 


04 ar main 


05 T emporary tracks. 


06 Tools, push cars, mixer. 
08 Warehouse stock. 
09 ‘Warehouse expense, 
5 
Blast Furnaces: 


11 Furnace No. 4, 
q 12 Changes in present furn 
18 Slag and matte equipment. 04 
0.5 Falsework. 


18 Connecting blast pipe. 
= ‘Blast p pipe in 1smelter. 
Plant: 
20 Building (including crane) 
21 Converter No. (including stand and tilting sys 
Flue. | 
5 Charge system. 
Copper | disposal. 
+28 Blast 
3 
Relining Syste: 
Track and 
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Referring to some of the de tails of the system described, which 


seems to be a very good one, the writer occasionally sees a voucher 
similar to - Fi igs. 1 and 2 


, on the outside of one fold of whic is printed 
the check upon. which | the bank makes’ paym "me ent. This seems to have 


see 
7 some advantages, as the endorsement on the back of the folded youche or 


is like kewise a receipt for the amount of the bill 
fold and distribute d on the o other, much as in the 
by the author. 


as summarized on one 


case of that illustrated 
TT ‘he form would also be most convenie nt for r auditing, 
though, possibly, ‘not so popular with the banks. 

_ The preparation of the time re port, Fig. 4, on a fresh card or « 


“ach day, with names, , rates of pay, would | seem to involve an 


amount of ‘de rical work out of proportion to its value. If entries” 
are made by day, the weekly -roll form in F ig. 9 


purpose of. that: shown in F ig. 4, “except to 


. inform the head office daily of the name, hours worked, and rate of 
"pay of each en 


employee, which doe 3 not seem ve ry important where the 


condensed state ment of the force ace ount by trades is sent in daily 


on the form, , Fi g. 5, § and the names, ete., weekly, on the form, Fig. 9 


Where the force is large, or where the work of Gasi aa and cost “ation ta 
divided be tween timekeepers and cost: clerks, is: “necessary to 
assign numbers or other simple char iracte 3 to the ‘differe mut -sub-heads 

~ under which the work is divided, and to ente r these characters opposite 9 

3 of employees on the time card, so” that. the labor charges 

ea an be properly y distributed by | y one not in n close touch with the work — 


W. C. Assoc . M. Am. So 


oc. etter W hen in 
charge of yarious pieces of construe tion, the riter has alws ways 
e onde savore ed kee pe ‘lose and ac ‘curate osts, 1 o 


only the unit costs of diffe rent classes by previous work of the same 


s, but also to present to the company, = end of the work, | an 


‘accurate and minutely itemized valuation of the 


work done, for 
— inv entory and insurance purposes. | Heh has used practic -“s the same 


oe in his work as “Superintende nt of Construction for the Moun - 
tain r at Martinez, Ame 


Mining at tt, ‘al. re only agi of these cas 


for example, the construction mn at dese ribed. 


> . 4 The first step of the system involved | giving a segregation number 


to each piece of work. This minimized the cle rical work, | and 


gave convenient reference to ledger accounts. In this systet m of segre-— 
gation numbers are cused for the e main divisio ons of work anc 


dee imals of v various le ngth for the sub- segregatioys unde1 r these divi- 


sions. | This provided for a combination of all the decimals of a ‘certain 
degree whe n segregs tions lesser refinement we necessary 
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T ools, push "ATS, ‘onere te mixe 


07 Re al estate. 
4 08 W archouse stoe 


«Of ‘arehouse ¢ expense, 


B last Furnaces: — 
Buik ding. 
11 Furnace No. 4 bustle 


al ‘settler, ete. 
2 Changes prese nt furnaces. 


13 She g and m: atte equipme nt. 


14 Furnace No. 5, bustle pipe, 
settler, et 


pipe, 


| 


C t pipe. 
19 Blast pipe in sme te re 


Plant: 
20 Building (inel Juding crane ). 
Converter No. 1 (including 
No. 2 ( 
23 Downtakes. 
24 Flue. 


Charge system. 
26 Copper disposal. 
27 Slag disposal. 


28 Blast pipe. 


29 Hydraulic system. 
ning System: 


30 Building. 
31 pit ‘(including t 


eevee 


is 


all following headings.) 


2F orms. 

4 Superstruct ture. 

Falsework. 


0.6 lumbing. 
0.7 Wiring. 


sinting. 


stand 
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and tilting system). 
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umper and crane). 
34 Track and trestle to same. 
36 Drying stands. 
4 
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Mr. Hammatt. Charging System 
40 Tunnel. 


eee 


47 


“Tue System: 


50 Dust « chamber, s ate e hoppers). 
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55 New stack. 


on 
or) 


E 
Equipment, cars, etc. 


Power Plant Blast Mains: 
60 North ad (buil ling). 


Changes in present blowers and 
64 Blower No. 4 and connections and motor. — , 4 = 


67 Blower No. 6, connec and motor. 


. 


Gene rating set | 


70 Switch-board. | ¥ 
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16 Te emporary s sampling r room. 
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— Equipment, charge cars. 
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80 Standard gauge changes. 02 aging. 


New standard gauge y 


33 Lime track. 
Track scales, 


90 Machine- shop building and blacksmith shop. 


93 Compressor-m motor and building. 


94 Boile shop ‘and round- house building. 
96 Carpenter | shop ) building. 
97 4 plant. 
98 E sho buildi 


99... 
Bins and 


100 Main receiving bins. 


101 Trestle approach to same. 

104 


. 


4a 10 High- pressure pipe line. 
11 Ceme nt sheds. 


113 } 

114 Smelter stable. 
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(4121 Locomotives. 
9 
122 W recking « crane. 


Cars. 


. 


Tn regard to this list, 

arrangement, due to the full yrond for ‘construction, pom being « e anise 
= the time the work was started. ‘The v writer believes in a more com- ‘ 
_ plete segre gation of fixed and ‘movab le plant, for insurance and ap- 


pfaisal purposes, as a machine can be moved to a new site, while its 


_ found lation can not, and the supel rstructure of a building is subject to. 


~ destruction | and damage by fire, while its foundation is not. tee 
- 
AMERICAN SMELTING REFINING C0, ICAN SMELTING & REFINING C co. 
CHIHUAHUA PLANT CHIHUAHUA PLANT 
Daily: report of labor on_ 


Carpenters 


it 
1] 


Cost per unit 


ss Standard size, 7 by 3% in. a 
Fie. 11. 


the matte r of construction reports The forms of two 


i for cost keepi ing fre om day to day, are given in Figs. 10 and 11. 
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Papers.) USSION ON COST KEEPING 


shown by Fig. 10 was made out daily by by the foreman for eac Hammatt. 


kind of work done under his supervision, a separate report being mad 
out for each segregation. At the end of the week the isting onal 
by Fig. 11 1 was made out by the cost clerk from: the data on Fig. 10, 
and ‘the mee surement or estimate of each piece of work performed. 
a The form — shown | by Fig. 10 was also used by the timekee per as a 
check on his’ time, as the total number of hours. or man- 
should agree in both cases, and also the total in dollars pret" cents for | 
As there is like ly to be inaccuracy in progress measurements which — 
are taken daily, or ev ven weekly, i it is well to. combine Teports of 


wr. Mee 
_ several wee ks. T hes se inae curacies w ill then disappear, and a truer 


cale ulation of F unit cost, may be made, 
This ‘system had to be varied for the different conditions under 
“whieh the was conducted, for example, 


ere » the foremen were mostly illiteré ate, spe cial men were e 
for the cost and ee differed slightly from those 


on account of the actual quantity of material going to each job being 5 
unknown, the total was charged to warehouse, and the diffe et he 


debited and as the was issued. 


the necessary ¢ lerical to them accurate and useful. The 

se sentiment among ‘most of them was expressed in the late Mr. Z. B. 
Austin’s remark to the writer that whether the brickwork costs $12 or 
per 1 000, the work would go on until it was 

MILE Low, Soc. C , (by letter).—The cost Mr. Low. 
keeping described i 1 Mr. ‘alk’s paper is that used by a | contracting 

company, , and is a compilation of. ‘expenses. It, shows how the 

money was expended among different assumed items, and thus affords 

data for the detection. of mismanage ment in work of similar nature, a bd 
“a On construction work it is alw: ays interesting for the engineer-in-— a” 
charge to know, at least approximately, what the work is costing the - 7 
contractor. For want of absolute knowledge of the cost of some 
: _ items, it may be difficult to ascertain the total cost, but even a knowl- 


edge of the cost of ‘some of the items, as before stated, is of some — 
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ON COST KEEPING Pa 
y rai — company keeps some ‘kind of a force account, 
is chief engineer, generally weekly, by his 


"Some years a ago, while the writer was in charge of some heavy © 
railroad construction i in Southwestern Vi irginia, he originated and put 

into effect a system of cost keeping, which showed monthly the gor 

to the contractor of various classes of work, the statements daca 

Were submitted with the n monthly estimates, 
‘The system was extremely simple, and consisted essentially of three 


blank forms which constituted the basis for keeping the records. ‘. 


On the railroad in question, each residency consisted of from seven 


ten 1-mile sections, thus each residenc ‘y ranged from 7 to 10 miles 


7. 


contractor’ s forces were counted a timehoeper em- 


an inspection of the timebook it “will that it. 
arranged to keep a separ ite record of each and every piece of work, no 
matter what it it may | be. . It is also aranged to show the totals for each’ 


as “well as for the partial week. Occasionally, there is a 


space for six entries 7 


‘The usual practice is to send in the force accounts weekly to head- 
‘quarters, and the ‘arrangement of the book facilitates” this. the 
end of the month there is a summary. from which the cost of the work 


+ Of course, owing to the method used, the “cost obtained is not 
absolute, , as the force | employed during the morning an 1 afternoon _ 


may vary in numbers, the passing work only 


of the ing vided for ten 

_ designations of labor and material, and in eases where there are more 
items, other pages can be used. It will be be seen that the timebook i is 
ery flexible, and can be adapted. ‘to any contingency. 
woe the end of the month all work is classified, the: ‘hans: Fig. 18, : 

being used. The sample sheet shows columns for clearing, grubbing, 

grading, and masonry. This column is is left blank, the 

- "classes of work are written in, using” as many sheets as necessary. > 
Before the final classification, , by sections, the location of each indi- 

idual piece of is entered in the column having the printed | 
heading, “Sec.” On the grading there may be as many as ten. or more 

= es at work on a mile section, several culv erts, bridge abutments, 


and piers may y also be building. 
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DAILY STATEMENT OF FORCE EMPLOYED BY __DESIGNATION OF LAGOR AND MATERIALS: 
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DESICNATION OF LABOR AND MATERIAL: 
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dedilss The blank form, Fig. 13, may be used in making a compilation ‘ 
; showing the cost for separate localities, or the totals for any one section - 
ig may be entered, these totals being obtained by the addition of the 
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MONTH OF. 
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{ ‘| RATE 
| | 
Teains 
Total Labor 
Estimate 
Diference 


CLEARING 


| GRUBBING 


Foremen 


Laborers 


Teams 
Blacksmiths 


Totallabor 


Superintendence 
Explosives 


Total Expense 


Estimate 
Difference 


z 
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Foremen 
Stone Cutters 

Masons 

Laborers 


Teams 


MASONRY 


Estimate 


| *Diterence 


Standard size, 834 by in. 
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‘Mr. Low Referring to Fig. 
to the eontractor of ap particular ‘piece 
say, a bridge abutment. An estimate of and ‘cost has been 
_ made by the engineer in charge of this particular w work, 
The details of the cost to the contractor are transferred to the . 
_ blank form, Fig. 6-18, the amounts being shown under heading 


‘marked “Sec.,” the ‘ ‘estimate” ’ placed under the total, and the difference — 
obtained, which will be more or as the case may be. These 


made of each and every kind of 
‘sections fel as. a summary of the various estimates. These 


- summaries then show, mile by mile, the status of the various kinds © 


‘he ¢ engineer estimate shows the cost heb | section, and 


_v this being the total cost of all the work in a section. ae — ee 
__ These totals, shown by Fig. 15, may bi be readily obtained by using — 
the form shown by Fig. 14, for the p purpose e of tabulation, as the pasta a 
items are all placed in separate columns, and can be easily added. In 
some - quarters objection is made to keeping an accurate account of the 
: forces employed by the contractor and the tabulated cost, the main — 
reason 1 assigned b being that the engineer’ s estimate is influenced thereby © 
_ to some extent. | This need ‘not be, as the ¢ cost | to the c contractor is not 
generally known until some time after the estimate is made out. In 
most publie works. ‘nowadays there is no classification of excavation, so 
ther re are no grounds whatever for manipulation, although there might 
be unde the classification method of dividing excavation into 


hardpan, and loose and solid rock, 
Again, the contractor’s costs ‘may be tabulated wholly in t the 


division engineer’s| - office, or even in the office of the chief engineer, 

he being furnished with duplicate copies of | the timebooks, which, as 

before stated, form. the basis of the whole system described. 
_ The writer is a firm believer in —— costs of contractor’s opera- a 


tions, for the | very important reaso 1 (and almost the only: one), that | 


it affords some tangible evidence phy suitable unit prices on 
future work, instead of of using that very undesirable makeshift, gues 


at them 
Pena, Ricuarp T. Dana, a, M. A. Soc C. E. (by letter). states 
that | ‘it seems hardly y necessary to call atvenkion to the very small value 


- that cost records may have to others than to those» who gathered them 


and who realized and understood fully every local condition at the — 
point of construction.” Apparently, | he assumes that it is not t_possih ible 
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] condition 


to record the loca s with sufficient iia ail Mr. Dana, 
such records of value to a man who has not seen the site of the work. — 
Such an assumption involve es the further proposition that it is possible © 
to appreciate conditions which it is i impossible to express or describe 
in writing. ‘the writer is correct in this interpretation 
-author’s meaning, the author’s position is untenable. It is generally 
accepted that in shop wo rk the conditions es an be sufficiently well 
recorded ‘oe have. resulted in the reduction of the art of cutting 
metals, for example, to almost exact science.*¥ | 
In out-of-door work there is necessarily interference by ‘ceiling 
a by variation n in the conditions « of the materials to be handled » by acci-— 
dents to large units of equipment, , and by a considerable ‘number of. Sp 
_ other causes which do not obtain in the shop. These causes, however, __ 
‘such as to admit of classification, and it “entirely possible 1 
obtain fairly expressions for their compari- 
son. 
the aid, of can be at an infinitesimal 
cost, photographic records, which are more accurate than the eye and 
—- ‘more durable than the “memory, can be 2 obtained, and these 
“records can help out the written notes so greatly as to enable the 
compilation of practic rally complete information for future use, 
The author’s assumption that a man must have seen work done 
in order to make cost. ‘Te cords of it. of value him, that h his 
memory—his une ertain, hazy, and, perhaps, prejudiced memory—is 
to be trusted in preference to cold, hard, ‘statistical facts. | The writer’ Ss 
experience has been altogether in the “opposite direction. 
In the third paragraph, the author states that by the use of cost 
records in the field a contractor can with re sasonable accuracy ‘compare 


the cost of work in any spe ecified with that of any 


t 


compared with sm to the author’s state- 
ment in the preceding paragraph, | cost records have 2 small value. 
others than to those who gathered them, unless the contractor is going | 
‘to keep the same ‘superintendent on the job from start to finish, 
The author has given some blanks showi ing the method of obtaining, 
cost in the field. It appears as if he had endeavored to combine a cost 
keeping system with a bookkeeping system. The bookkeeping system | 
is based on the use of only one unit, , the dollar, while cost keeping, as 
‘the term has been Y sed in recent: years, involves the recording» of 
efficier ne yy and may utilize any of a considerable number of units. . 
‘Thus, the cost of drilling may be | ‘expressed ‘in minutes p per foot 5 the 


cost of hauling material may be expressed as the reciprocal of the 


_ * Note the papers by Mr. F. W. Taylor in Transactions, Am. Soc. Mech. Engrs., No 
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Mr."Ds Dana. expression “tons per team- -day,” and so on. The w riter prefers 


consider cost keeping as simply a ‘method ‘for recording efficiencies, 
using whatever units seem most convenient at the time, and to confine — 
ittoa class by itself, not allowing it to interfere in any way with the 
s work, thus avoiding ‘the imposition of consider rable 
amount of burdensome labor upon the bookkeeper, and using the units sg 
most suitable for the case in hand. 


___ Because rates of labor vary in different localities at the same time 
and different times in the locality, ‘the dollar is not ev en 
approximately a true measure of efficiency, and the writer prefers t 

a standard for comparison, » the United “States” Reclamati 


unit of of a man- an-day. 


el 


’mMat1o 


the personal characteristics ‘the « ‘contractor his 
For all two contractors can exactly contracts 


pang the other will sustain a heavy loss, just as. one” man can 
start a grocery store or restaurant, and ‘make his fortune, while 
- another man with the same capital, store, and stock will go bankrupt. | 

Again, , the same contractor’s profit or loss depend largely 
on his superintendent—unless he acts as his own superintendent. As 
an example, a -well- known contractor had a steam-shovel job with a 
a $5 000 superintendent who left when the job was half through, and a 
$3000 man was put in his place. _The ma with the 


Two ‘of the speaker’s s are not com- 
petitors—in similar lines business, and he always advises one 
bid 30% higher than the other, ; and, even then, he feels sure that the = 
- first will make a bigger profit than the second. 


WwW hile cost analysis, therefore, is absolute ly necessa 


essary, and is much 
used by the speaker, it would generally be disastrous for a contractor 


to bid on work which he was inexperienced, on the strength | of 
the cost anaiysis made by some one else, and, while the speaker is in 
favor of cost analysis, he generally 


ee: 


will use it. 


wants to know who made it 


— 
| 
Mr. Thomso 
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ISCUSSIONS 


his, Society is not responsible, as a body, for the facts and opinions weiienenenl a a 


paper shows some disagreement. with observed data, writer 


Esq. (by letter). —A analysis of Mr. Mr. 
believes” also with theory. The accuracy of Mr. Bissell’s 


ory. accura weights” of 
trains on grades i is not questioned, but Gay appear to be 


a _ The writer’s notebook is full of re record hauls, ion is it is not thought 
4 that they would serve any useful purpose ‘in this discussion. tt ‘might 
be interesting, howev er, to give (in Table 4) the tonnage rating of a 
a type, , slow- freight locomotive, which rating has stood the 7 
test of more than a year’s operation under all sorts of conditions. 


a. The locomotive i in question, as may be seen from Table 4, was con- 


- -‘That the majority of the figures in Table 4 were obtained in 

_ practice the writer can testify, and he can also testify to the fact that - > 
at such times no sand was used to increase the adhesion, which was | 
ealeulated at 25% in making up) the rating. - The winte r rating was 
for dry track, the only change in calculation being an increase of the 

rolling friction. In case of icy rails, or stormy weather, it ; Was 8 sub- 
ject to a further reduction. All of which leads to a disagreement with | 
the 20% adhesion and the theoretical deduction for the same, as given 


ry * This discussion (of the paper by C. 8S. Bissell. M. Am. Soc. C. E., printed in Proceed-— 
ings for February, 1909) is printed in Procee — in order t that the v iews ee may be as 
brought before all for further dis 
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proper amount a constant aa of 10 pa ‘per hour,” and, 
later 137 1% was taken the proper reduction in the ‘tractive 


for a speed of 10 miles per hour, a 


TABLE 4. —Firry- Cuass Enaings; ConsoLipaTION TYPE; CYLINDERS, 
99 BY 28 1N.; Steam Pressure, 200 LB.; Tora, WEIGHT, 144 TONS; 


EIGHT ON Driv ERS, 155 156 LB. 
Summer, 


| 


1492 


“on Compens ted actual grades. Speed, 12 miles saat hour. Rolling friction, € and 8 Ib. per — 
sti 


appears that he calculates the rate of adhesion as 23.2% from 
the tonnage , records, and then reduces this rate by 13. 1% for a ‘speed 
10° ‘miles p er hour. Sliding friction is subject to a reduction 
increased speeds, but the writer does not know where Mr. Bissell finds 
- wathority for a reduction in the rate of adhesion with change in speed. | 

If the rate of adhesion is 23.2 3.2% at ‘zero miles per hour, it remains 
practically the same at al any speed. “In other words, the tractive 
the locomotive wit follow the adhesion. from 0 speed up to a 


quantities to sustain this This critical speed is different 
— for almost | every type and design of locomotive. Fig. 2 may i 
point. 
Under the best track conditions the locomotive referred 
‘Fig. 2 holds an even tractive power 0 of. 38 800 Ib. up to the e critical 
speed of 124 miles per hour, at which point the capacity of the loco- - 
motive boiler reduces the tractive power with increased speed along 
the curve marked “Cylinder Power at Rim of Drivers.” 
regard to freight- -train: resistances, Mr. Bissell’s curve of decrease 
resistance due to increase in lading is most interesting, and it. 
would “seem that more data might be of value in the matter. = 
On Fig. 3 3 the: writer has plotted ‘some values, as_ determined by. 
a -dynamometer- -car tests by Mr. D. C. Crawford in 1901 and by Mr. 
in 1904; also a formula proposed by Mr. 
[= ‘Sian in his “Locomotive Operation,” presumably from preeree 
These tests. were all ‘stated to b slow speeds and straight 
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~ Mr. Crawford’s and Mr. Wickhorst’s Mr. Riley. 
j well, and would lead to the conclusion that Mr. Bissell’ s figures are i 
rather high. Mr. Henderson’s formula, however, gives values which | 
geome somewhat closer to Mr. Bissell’s for heavy loads. The effect of 
temperature on this curve is not discussed ; presumably t the values aes - 


for conditions above the freezing point. 
of tractive 


7 = Tn 2 of the definition 


The force impressed in this case 


~ | SPEED= RACTIVE POWER 
LA 

7 Lehigh & Hudson River Ry. 

Grade Rev ision and Double Trac 


f Po 


n Thousands 0 
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35 
in Miles per 


“this train, but if the engine hed bon nial on a ‘concrete base at 
the: ‘summit of the grade, and had exerted its tractive power by ‘cat 
‘eable, the principle would h have been the same. If the engine mounted 
on . the ¢ car and the one on the ground \ were of the same size, design, 
_ and steam Pressure, the tractive power of each would be the same. — 
According” to Mr. Bissell’s formula, however, the tractive 
of these two engines would be quite different. There are two belanced 
forces under consideration, the pull of the _prime- mover and the 
resistance of the body moved; the body moved is the total train, not 


the train back of the engine. me he latter consideration will certainly — 


4 
al — 
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«36 DISCUSSION ON MAXIMUM WEIGHTS OF FREIG GHT ‘TRAINS [Papers. 4 
Riley. lead to confusion in studying grades. the train is acceler- 
. SS or retarded, the drawbar pull, as calculated by Mr. Bissell, is not Ee 
a - affected by such acceleration or retardation; but it is obvious that the s 
_— change i in speed does affect the drawbar pull, as the mass of the engine , 
and tender is either absorbing or giving up | energy due to its change 
a momentum. The tractive power of the prime mover, however, is not 
~ affected by this change in speed, and the gain or loss in — 


It has been advanced as an argument against “Cylinder —— 


takes its proper place with the other resistances of the body moved. 
Power” or “Tractive Power at Rim of Drivers,” that an | engine with © 
a boiler pressure e of 10 or 20 Ib. could not move itself, and that it es 
would be ridiculous to assume that it had any tractive power at whatso- 
eve yer. Nevertheless, - that e engine has just as real a tractive power as sthe 
: engine which is stalled with its train on a grade. It has a tractive 
= power even though that tractive power is not sufficient to move the 
mass to which it is applied. What would become of the drawbar pull, 
as determined in Mr. Bissell’s formula, if an | attempt were made to 
apply it to ‘multiple- unit electric trains? One would be simply forced 
to consider the tractive power of the ‘motors as applied | at. the wheels _ 
it seems to be logical mo ify Mr. 
‘Bissell’s Equation 2 in some such ch way as the following: 


a ons of train Ww veight behind tender = 


= Tractive power er at rim of drivers, 


= Frictional resistances of locomotive wheels and trucks: con- 
sidered as a loaded car. 
; The other eymhols are sa same as Mr. Bissell proposes. 


=") Drawbar pull, P= = 


straight track; 


make the formula. more univ ersal: 
or, 


resistance in pounds | per ton of 


= velocity, fet ‘per con- 


velocity, 
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O=D.F.Crawford (1901) | 


4Q= M.H.Wickhorst (1908) 


C= No.Cars in Tran 
T= Total Weight of Train 


Weight per Car, in Tons =1” 


| DISCUSSION Om MAXIMUM WEIGHTS OF FREIGHT TRAINS 5 


ON MAXIMUM WEIGHTS OF FREIGHT TRAINS [Papers. 
Riley. ‘distance, in feet, eovered during eriod, 
Pp 


= weight of engine, in 


g= acceleration of gravity. _ = 


oF It must be admitted, however, that even ‘iad is net exact, since it 
omits the consideration of the power absorbed or given up by the 
change i in rotative speeds of the engine wheels. | How ever, since it con- 

- cerns itself only with the engine, it is ‘believed 1 that it is sufficiently 
. exact for all grade-1 revision purposes excepting possibly the calculation | 
of limiting momentum grades, in which ease the methods adopted by 
Mr. ‘Berry, in the Union Pacific revision work, are 
‘recommended ss most exact and logical i * detailed discussion of 
these methods may be found in the Proceedings* | of the American 

de Railway Engineering ‘and Maintenance-of-Way Association. 


i 

4 


This is not asa for the facts and opinions advanced 


in any of its publications, 


BLACKWELL ISLAND 


Discussion." 


Gustav, Lixpentuat, M. Am. Soc. C. 


Gu sTav LINDEN THAL, M. AM. Soc. MB. E. (by letter).—The 
yt t 
desires to add some historical information to this paper. 


wh 
The cross- of the tension 80 that the 
‘use of higher steel for them appeared expedient. _ Certain tests of © 
nickel- eye-bars, to 10 in. wide, made at Pencoyd in 1902, 
showed that a some 50% stronger than the usual structural 
‘steel, and perfectly reliable for forged work, could be obtained. 
At first, eye- -bars 18 in. wide and from 2 to 2) in. thick were 
ae The existing eye-bar plants could make bars only up to 
in. the large tonnage (17 7000 tons) contemplated in the 


‘Blackwell's Island cantilever structure and in the chain design for 
‘Manhattan Bridge would have erection | of a larger 


for both bridges, bet: for the Blackwell’s 
of the smaller tonnage to- be contracted for, the largest eye-bars were — 
limited to in. , the. capacity: of the existing plant. 


7 

iia a This discussion (of the paper by William — ebster, M. Am. Soe. C. E., printed in| 
- Procee dings for March, 1909), is printed in Proceedings in order = the views expressed 


may be before all members for further discussion. 
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ON NICKEL STEE L EYE-B 

The by Mr. Webster, of substituting riveted 

-bars the forged -nickel- steel eye-bars, | ‘were made after the 

writer had charge of the work; also other changes. 
in the design: which resulted | ‘in the weak structure, which, from the ; 

official investigation and reports made after its completion, Blackwell’s 

Island ‘Bridge (now called ed Queensboro: is bed 
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© 
USE AND “CARE OF “THE CURRE 


PRACTICED BY THE UNITED 


in flowing the pressure of the water against it causes 


it to revolve; (b) a device for recording or indicating the number of 
revolutions of this wheel. The relation velocity of the 


moving water ‘the revo olutions of the wheel by 


The earliest type meter was the float re used by 
Borda and Dupuit in the latter part of the eighteenth century, and 
was: practicable only for measuring velocities at the surface. 
/Woltmann modified this wheel so that it could be ‘used ben beneath 
the surface, the number of ‘revolutions being recorded by a gear 


mechanism, which was started and ‘stopped ‘at the beginning and end 


bi: * Published by permission of the Director of the U.S ’ —, 


5. Geological Survey. 
_ Novge.—These papers are issued before the date set for presentation and -—- 
cussion. - Correspondence is invited from those who cannot be present at the 

- meeting, and may be sent by mail to the Secretary. Discussion, either oral or 
will be published in a subsequent number of Proceedings, and, when 

finally closed, the papers, with discussion in full, will be aie in Transactions. — = 
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current meter for measur ing the velocity of flowing water com- 
— 
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PLATE 
PAPERS, AM. SOC. 


Fig. 1.—Types oF MeTeRs EXPERIMENTED WITH BY U iEOLOGICAL Survey. 
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Fic. 2.—VaARIoUS FORMS OF THE HASKELL METER. 
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operated by a cord. Itw was necessary, to 
‘lift the m moter out of the water in order to read dit. LaPointe: arranged: the a 


“Prior invention of the electric "recorder for 

number ‘the wheel, users of the: “meter ex: 


on 


inventions of of , started in 1 1850 by 


‘ee on 1 the United States Lake eas invented for use ae the 


current meter an electrical recorder, + which ‘eliminated the frictions) 


and the other difficulties of the mechanical recorder, and made feasible © 


‘The first extended and successful series of measurements with the 


eu rent ‘meter the United States made on the C cu 

River by the he late G. Ellis, M. Am. Soc. C.E, i in connection with 
studies begun in 1871.4 + General Ellis started his work with the Wolt- 
mann meter, equipped with ‘an electrical ‘recording device, but. later 


an electrical | ‘recording meter devised by himself. The results 
obtained by these measurements have had an important effect, 
‘development: of stream- -gauging 
= a he ¢ earliest American patents for current meter 


_ There are now on file in the rut tent Office 


ones which have had much gen 


nih Each n of the various meters has been a to meet the r require- 


ments of and, until recently, the use of all 


| 

+ 

_vertical rod and beveled gear; and Baumgarten, Saxton, Brewster, 

anism and its tendency to get out of order, 

t= 7 

~ 
| 
4 
logs, more than fifty patents for devices for measuring the velocity of “ia 
q _ wat nstructed but not stented. 4 
7 
| 
4 
4 
Journal of the Franklin Institute, Vol. XCM, 187. 
-¢Report, Chief of Engineers, U.S. Army, 1878, Part] 


i 8 in ‘connection 
interest in hydraulic development has created ‘such a h a 
mand for measurements of ‘the flow of streams that the cur current 

r is now in general ™ and is essential to heath equipment of the 


In 1888 the United States ‘Geological Survey began gauging 


= velocity. No 

adequate meter was nde for work of ‘this extended d nature, and, 


f urthermore, elabora te equ ipment and methods were prohibited by 
limited funds. was necessary to devise or adapt an instrument 
which could be readily carried in the field ond operated by one ‘man, 


- either from a bridge, a boat, a cable and car, or by wading. Tee ee 


After experimenting with ‘ious: types (Plates. and 
the engineers of the Survey dev eloped. a meter combining | the 


—— of the Price acoustic a ad large Price electric meter ela 

nm as ‘the: small Price meter, and has been in 


use in the Survey work. re Modifications in 
Pe have been made ‘vom time to time, based « on ‘the we experience of various 


engineers, until x now represents: the exper ce of more | than tw nda 


| 


the 


re now ‘used ‘extensively, in in a the 


country, and its have been adopted in work by many 
‘engineers in all parts of the world. - A description of the i struments 
and their use, therefore, should be of interest to 
GENERAL Features or C URRENT J 


meters, in ‘may be divided into 
direct action and differential action, the division depending on whether _ 


7 the water, in revolvi ing the wheel, does or does not | exert a 1 force which 


The wheels” of the direct- -action meters consist of flat or warped 


surface vanes, set on a horizontal axis, which revolve by ‘the direct 


pressure of the water against the blades. In a sete of this type pe the 


at 

it 

— 

4 | by Survey engineers are believed to 

lt 
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E CURRENT METER 
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“THE U 
on increases as the velocity decreases. reve 
a are quite rapid for high polecition, but the resistance due to the 
area a the ¢ cross- ‘section 1 of the meter against the water is small 
on meters are the Haskell and the F 


The wheels of the differential x meters ‘are: re made of a a series 


being on the ‘convex than on the 


wheels to revolve. r of this friction. increases _ 

“with the velocity, the incre ‘frictional effect is overcome by 

the increased r motive power due t to the velocity. The area of the eross- a 

section offers a larger resist: ince to the current than ; n the Msieets . 

action meter, but | the 1 wheel revolves more » domly owing to to the retard- 

motion 


OS Fess 


(b) a area of re it wa ater; a 


and effective device fo er revolutions the 


r in ng the number of revi 


and adapts i e ‘under all conditio conditions, 


and XXV illustrate t the diff differe nee in 


American and foreign make. The 

foreign meters are much x more delicately constructed than the Ameri- | 


ee ean, and their. mechanism i is more complicated, so that several men are 


need to to make a a measurement (Fig. 1, Plate instead 


an been 1 made the general to 


irrent meters of make. 


DESCRIPTION OF THE Samar. en CURRENT METEI PR AND 
The Price current meter (Fig. and equipment consists of 


principal parts: the head; (2) the tail; (3) the e hanger 
weights; (4) the device; and device. 


Tn the following des 


on ‘Fi ig. 1. oke (1) 


= 
| 
lita: 

The essentials for a good current meter are (a) simplicity 
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Fie. 1.—Various Forms oF RecorDING DEVICES. 


A 


Various ForMs OF THE METER. 


E. 


[ft 
aa 


aa 

| 

4 | | 


3 ‘referred | to as the cu os, turns on a axis 
the « cup shaft, , which ¢ sets on a cone point bearing at sche lower: ead and 
engages the recording mechanism at the upper end. 

ev cup shaft consists of “two parts: (4 and 5), 

from either side of the ¢ cup frame, thus fastening the cups tigidly to 


the cup shaft. At the lower of the shaft there is a 
receives it (6) on which ‘the cu 
ewer bushing a ) kn 


) metal t 
ie firm held by a eve -nut (8 be ‘Th lu 
0 ‘the lower a arm of the yoke by a sliding connection, wd is clamped 
n position by a set-se rew. By means of a sleeve-nut | (9) on the low er 

part of the shaft, the cups can be lifted from the cone ‘point when the cs 
meter is not in use. This sleeve-nut has a a left- -handed thread, so that 

it will not tighten when the cups revolve. x T he | upper part of the cup 


shaft i is fitted with a worm which passes into a cylindrical 
4 


(20 or ihe known as the contact chamber, as. ‘it contains the 


mechanism for making ‘the contact which indicates the revolutions 


of the cups. — onstruction an arrangement ‘of both the contact 


on whether an 


tie o1 


a 10 ‘is a “screw cap (11) provided with a gasket 

keeping out the tee. it fits by a sliding connection into the upper 

end of the yoke, and is clamped in into position by 3 a set- “screw. may In the 

contact chamber there is fitted a a cylindrical plug (12) which is held 

in in position by a screw and carries a ei -wheel (13) which | engages ae 

worm gear th upper end o f the cuy cup shaft, the gearing being 


arranged ‘so that the wheel makes one revolution for every twenty 


revoluti ons of the cups. On the side of the wheel 
“platinum pins, equally spaced and set so | that ‘they w “ill strike the 
a contact spring at each fifth revolution the cups, thus: 


which is indicated by the device, as 
xplained later. 7 These contact parts are known as the contact wheel, 


platinum, and | is the ‘contact plug (15) which is 


the contact chamber through a hard- rubber bushing (16), thus 


contact: spring from the meter when it is not tne 


| 
a | 
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or and the mechanism contained ir 
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a > g 
one of the pins on the contact wheel. In the ‘capi of the contact plug 


there is a hole and a set-screw for connecting: with | a from ‘the 
cor ng d device is used, , the contact chamber 


7 inet is 5 closed with a cap ts), and am met tal drum (49), and, i in | place 


the platinum spring (14) and the plug (16), there isa 
small hammer which is arranged that it is thrown against 
pte = drum the p pins ¢ on the each fifth 


=P 


aching th the hanger 23), and a ‘socket into which 


= prov vides 1 for r balancing tia hood: and also pane the axis of the meter a 
‘parallel to the direction of the current consists of a a stem (17) 
which fits s by a ‘sliding connection into the socket i in ‘the: ‘stem of the 
where it is clamped by a ‘set-screw. this stem there are 


vanes s (18 and 19) at right angles. One of the vanes is is ‘rigidly 


attached to the ue: the other fits it by grooves, ayy it can 
be pulled out when t t he key (20) which holds 


turned. one of the vanes" there a slot ‘carrying a (21) 
which can be adjusted so as to balance the 
: ee The Hanger and Weigl ts.—W hen n suspended with a oa le, the meter 
; hung by a screw- -bolt (22) on a steel stem (23) which | passes through 
a slot in the stem of the yoke. The slot in the stem of the yoke is 
] le enough to allow the meter to swing freely in ‘a vertical plane, 


nd ‘the bolt passes ‘through the frame a little above the center of 


gravity of the meter, so that the latter will ‘readily adjust itself toa 


venta position. on. In the u upper end of ‘the Cob there | is a hole a 


attaching Suspending -eable, and stem 


em 


we ghts: 24) are of mpedo ‘shap ye—this “design offerin ‘the » 
e weights (2 4) are of torp pe—this de ign g the lea 
istance the current—and_ made in two sizes 3, weighing, re- 
ely, 64 and ‘15 Ib. _ They are attached to the stem by a screw 
bolt, . The manner of arrangement of the weights and the 
stem depends on the conditions under which the Mheasurements a are to 


Ww hen the meter is used on a ada ‘the tail, hi nger, and weight are 
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XXIID, | or | it 3 is attached to the rod (61) by a screw connection all 
the contact chamber when the acoustic recording device is used. 
The set-screws for clamping the various sliding connections are a 7 
of the same size and of standard make, Beveled grooves are provided — a) 
in each of connections so that the set-screws engage them 


the pa parts are e drawn into plac 
_ All parts | of the meter are standard, and « ean readily be replaced — 


The Recording Device. —A recording or indicating device is 
sary for determining the number of ‘revolutions of “the meter wheel, 


Various devices, Fig. 1, Plate XXII, operated either | on the mechan- 
ical , electric, or acoustic principle, have been used for this purpose, 


These include the telegraph ticker, electric. buzzer, telephone Teceiver, i 
drums, e ete. Of these, however, the telephone. attachment an and the acoustic 
— have been found to | be most. ‘satisfactory 


a connecting plug by which t the “apparatus ean be read ily con- 
nected or disconnected in cireuit with the meter, depending on. the 


method of s suspension, as explained later. 
The magnets of the telephone receiver are wound for 10- ohm 
resistance so as to make as. loud a click as possib le. 


Either a dry- -cell or a cell be ‘The mest 
* atisfactory dry cell (26) i the 
isl in and 3 in. 


through two screw connectin 2 same end. 


an outer hard rubber ( 

about in. square, cont: aining a carbon compartment (30) ‘into wich 

a zine pole. (31) having a rub bes stopper is inserted . The 


is generated | by a solution of bisulphate of of mereury and w ater. | Contact = 


is made from the cell through a a platinum plug into t the 


25) ‘and ‘small ‘battery: (26), a circuit terminates 


carbon a t bottom and through the 


ser 
through the rubber er. 


en neased i a leather ‘box (38 5), 


q — 
| 
— 
| 
The cell 18 and connection is made 


=) 
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mil- 


igh two serew ous ecting posts (36), each of which ter 


nates in a a separate spring te against wi the poles 
mate 


In use, the is to the left shoulder and the battery. 

is s placed in the side coat t pocket. The connee 7) 
then hang little below ‘the: shoulder and is easily accessible for 


the acoustic striking of the hammer (50) 01 on 


he rubber ‘tube and -ear- “pies (Pate 


em. 


ay Automatic recorders, Fie. 1, Plate XXII have to some 
extent: to determine the number of revolutions of the mete For | 


gener eral work, however, these are not ‘entirely entistacteny, 0 as they ar are q 


likely to get out of order, and are incony nvenient to carry. 


he The time taken by the m meter wheel to make a a given n number of 
revolutions should be dete mined ‘watch, as means 
_ the error in the observation 


‘The Su Suspending Device.— 
a rod or of some form ef cable, must ms 


“circuit between the meter wheel the recording device. 

The r rod in connection wilh the 


am, a 


. the re cing des 
» 


i the wires from the viatians Perey to the plug i in the top 
The: other wire follows rod, is attached to tk 
plug of the meter. — 


| 
— 00 
nie 
| | 
|| "ihe sound IS 
i the ear of the observer. 
ie ae IL) are not necessary unless 
| cae” as the click is loud enough 
" 
| 
i convenience in carrying, it is made in 1}-ft. sections which screw _ 
| | io? ied together. On the bottom of the rod there is a flat foot which keeps it 
from sinking into thg there is a 
| plug for connecting ice. The 
on be moved 
iH ition. The circuit between 
ng one of | 
the rod, 
= 
| 
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Fig. 1.—RicHARDS METER, WITH ELECTRICAL RECORDER, 


Fig. 2.—Orr anp WoLTMAN METERS, WITH ELECTRICAL RECORDERS. 
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that it will come to the at which it is desired to measure 


“velocity. By By th this means the meter can be held firmly in the acme = 


The he rods (Plate XXIT) for use with the : acoustic recorder are of 
}- in. tubing graduated to 1 feet and tenths, and, for convenience in 
carrying, are made i in ft. ‘sections v which screw together. The iy 
tod connects with the. contact, ‘chamber with a ‘screw, and is cut so 
that the « distance from the | center of the “cups tot the vend the rod 
‘is just 


the « een of there is a _througl 
the drum can be heard. The s ndings are 


‘od, and the fro 1 sinking i 1e | 


2 Thi Ng. 1) ist combination of ‘No. 16, old 


code, double- show: window (8) and No. 12 or 14 


galvanized w wire ma about which is wound a small insulated ‘magnet — 


The sh window cord i is for upper 


m mae of two colbuea wires, provides for making the direct an 


between the meter and its use 


of device a the v upper er end and with the galv anized 
wire (39) and magnet wire (40), which lead, to the 1 meter at the lower ie. 3 
end. A ring « or (45), into, which the galy anized ‘Wire is looped, 


is ‘fastened, either by a loop, (46) or or a knot (AT), to the lower e1 end. | 
a In fastening the meter cable to the snap with a a knot (41), | a astrip 4 


of adhesive tape i is wound around the cable two or or three times, about 


e cable is the nen the snap 


on the adhesive tape, and knot is 


45) drawn down as tight as 
le. ‘The enor of he adhesive tape (48) are then wound around 
the cable, one above and the other below the | snot, to keep it from 
ering of the cable can then be take 


f Papers.) 4 q 
| 
| 
| 
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4 
4 
7 q and end of 7 
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if the snap is held in a loop (46), 2 a length of about 12 or 14 in, 


the outside: insulation is removed that the wires can be 
ack and connected with those le: ading to the contact plug and hanger. 

Ba, loop is ‘first tied with string and then wound with adhesive er: 

the tape being placed around the cable where the ring bears on it. Cie , 
‘The: ‘galvanized | and magnet wires and 40) make’ up the 


should long « enough ti to reach from the surface i 
~ to the deepest point in the stream. Their use is edvantegeees | because 
oo offer small resistance to the moving water and thus ‘prevent the 7 


‘ The galvanized v wire (39) provides both for carrying the weight of 


the meter and conducting the electric current: ‘between 1 the meter and 


‘recording device. Tt is is attached by ordinary loop connections 


snap in the lower en ow-window cord and to the ‘meter 
hanger (2 3). The dire made through it by | the direct 


circuit 18 made ‘nro 
with meter stem and by its “connection at the upper 


end with one of the insulated wires (41) fr from th the show- windes cord. 


e fine magnet wire (40), which provides for the return eiveuit 
between the meter and the recording device, is wound loosely around 
‘the galvanized wire, and may | fastened with: tire tape. At the 
upper end connected with one of the insulated wires (42) from the 


ss ‘show- window cord, and at the lower ¢ end with the contact t plug (15) of 


the meter. In order to in preserving | the insulation between the 
galvanize and magne ret wires the should be shellacked ; and, even with | 


precaution, it ms Ly ry be nec ens ary to replace the: magnet wire frequently. 
if the velocities are not so great as to carry ‘the meter down stream, — 
the galvanized and fine “magnet wire may be dispensed with. The 
(45) at the lower end of the ‘show- window cord may be 


directly to the meter stem, the circuit being completed by attachin 


the insulated 1 wires 3 (41, 42) to the contact . plug a and to the screw on _ 


‘The mete r may also” be suspended by a "single uninsulated gal- 
 vanized wire, the return circuit being ‘made “throu gh the e ground ‘and 
water. In} using the the is from the “née. to 


the meter through the contact point t to the pragape to the battery and - 


— 
1) 
H For 
i 
i | | 
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the water. It does: not make any difference on which side 


= the ‘phone i is placed | in the line ig. 2). 


hen using a a single wire, on a cable or a bridge, a a clean. metallic 
> 


contact should ‘made, little or r other ¢ coating will 


relation between revolutions. of the meter whe el and the 


vip of the water must be determined by rating each me 
‘it is used ‘heoretically, the ‘rating for all meters 
i should be the same, but, as a a result of — var iation: 


and in in “the bearing of ‘the wheel 
of C Cir 
on the a axis. at different: velocities, in Single-wire 


the ratings: sdiffer, 


A ‘meter is rated by y conducting 


through still water with 1 nifor 
speed, the time, ‘th p 


revolutions p ser 


shown in Table 1, the speeds varying from the least will 


wheel to revolve to s sev veral feet per. second. results of these 


runs, plotted (Fig. with revolutions second and velocit y 
1e 


feet ‘per second as co-ordinates, locate the points” which define th 


eurve from which ‘the rating ‘table is prepared, 


, The U nited States Geological ‘Survey has th three rating stations, one 


at Washington, D. one at Denver, Cale... one at Les 
Cal. (Fig. 2 , Plate XXXVI. 2 These s stations consist of a platform over 
the water carrying a track about 200 ft. Tong, on which a car for 
carrying the meter is srun. The track i is near the edge | of th the platform - 
and the meter is suspended i in the water by a a projecting a arm. _ At the poke 


Denver and W n stations the'e car is by hand; at the 


| 

| 

4 
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of sqvelutions of the meter wheel are indicated on an 


btained by an electrical mechanism, — 

which is in cireuit with ‘Gai meter wheel, so the at the exact distance for | 
a given number of revolutions i is obtained; and the time is taken by | 


1908, , AT. Lake, MaryLanp 


“3 


TABLE 1. 
Mape 


Tuna WITH ONE: 15-18. 
RIGHT. 


a OBSERVATIONS F For LENGTH 


revolu- | tions per in fess | 


.| tions. second. escond. 


0.127 0.319 
0,154 

0149 0870 | 

161 

0. 200 
0.256 
0.260 
0.312 
0.204 


Boo 


=) 


— 


= 


— 


8 


_ Nore.—The runs are in pairs, -s, the odd numbers 8 being a across the t 


through still water, s 


hould revolve 
the ground. ‘That i is, in going a give 


n the return to the starting point. ‘os oe 
v4 


cally the same number of rey olutions, regardl 


as ¢ 


Theoretically, the e wheel of a differential- action m meter, 


g 

| 

|) 

— 
Nie BY HeNsHaw 4 

ONE 64-LB. Tor 

*k and the even 

wheel revolves in passing over 

|| ss of speed. TI ing 


rere 


mg 

|_| 


ons per Se 


itic 


o 


evol 


3. 
2, 


> 


Velocity, in Feet per See Velocity, in Feet per § 


a great many ‘small Price meters this be 
42 to 44 revolutions in going 100 


= The true e number of rev olutions of the Se ae d equal | 
_ tance of the n divided by the effective circumference | of the wheel 


ure 0 of the cups and the blanketing a: 
ect ps. ne effective circumfere ence to be the 
is 


circle pass ing t ough t the point of the cups, which i 0.785 54 
the true of rev to be 433 per 100 ft. run; the 
coefficient would be 0 345. 


straight line passing ‘through: the ie e origin. if the true number of revolu- 


‘made in going ft. is 433, the equation: of this cu curve will be 
=93Y,w x= = = velocity, in feet p per and revolu 


of a 
en “drawn through still Ww ater, as s comp 
of the oasis diameter, was as 100 to 35. 
of the rating curves of a large number of small. Price 
meters shows that, as a rule, the curve is made up of two straight lines, 
extension: ‘the lower one the upper one in. an angle 


between ‘the velocities of 8 and this point there is a sa slight 


increase’ in the friction on ‘the Sohn of the meter wheel and shaft. 


Notwithstanding this break in the ‘curve, the observed conve 


the theoretical curve very closely. . The 
at a velocity of less than 0. (O01 ft. per see., which is “required ‘to start 


In plotting the rating curve, velocities in feet per second are gen-— 
erally shown as abscissas and revolutions per second as ordinates. The 
scale for velocities of less ‘than 2 ft. per see. should be 5 in. per ft. of 
velocity, and, for greater velocities, in. > Der ft. of velocity. The seale 
for revolutions per sec ond, for velocities o less than 2 2 ft., should be 


rev. and for velocities greater tl than 2 2 ft it should 


ow or igh velocities 


i 
i 
to 
| 
| 
a 
— 
4 
-eurves: one for The low- 
| velocity curve shd taken from 
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_ Fie. 1.—MEASUREMENTS AT BoAT GAUGING STATION, ON RIVER DURONEE, 


S. GEoLoaicaL SURVEY CURKENT-METER RATING STATION, 
Los ANGELES. CAL. 
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this curve shoul 1 be re-plotted 

the position of the lower portion of the curve. "The theoreti- 


eal, OF a meen, rating curve should also be drawn on the sheet as alt - 


Ini using the meter, observation i is of the number 


the wheel meqnizes to make a given number of revolutions. ons. ‘Therefore, 


‘rating for each ‘meter, | giving the “velocities per é 
ondi ing to the number of revolutions. The most 
* saemaiol for 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 


revolutions, with the times of the runs ‘ranging from 30 : 


to 60s sec., giving velocities from 0.234 to 15 69 ft. per — Pe 
ase The rating table (Table 2) is prepared by tabulating the wiiien. 
= revolutions per second i 30 to had see. for each Jength of r run, as” 


As the curves various meters practically ‘parallel, 
for counecutive velocities: ‘on each practically the 


to ‘occasional v clovities fro 


| from a mean table, a: giv y 
int 


7 hese differences also aid aid 
fractions of a second. 
3 
ng the mean from which the 
the column headed “Difference” have been ‘obtained, 
_ mean of the ratings of nine motors betas taken, the 1 rating table, illus- 


i trated by Tables 1 1 and 2 2 and Fig. 3, ‘is for a current ‘meter having 7 


Ke 
with this mean curve id table. Such 


| 


ie rating. which i is ide nt ieal 


coincidences ‘often ay appear, either for the whole, curve or for 


Tab le 3 gives the ‘percentage of deviation from the mean « curve of 
es ; used in | determining ‘it, A An examination of this 
> error ‘introduced, d e to differences i in the ratings 
the meters, ¥% and that for meters in good condition 
be used without serious error for 
5 ft. - per sec. T The comparison of num rous 
other rating curves: with | the sta dard ctically the same 


‘ 
» 4 4 
_ 
| 
ty 
q 
urve, and intermediate values can be filled in by adding the suc- _ : 
reessive rence 1 the column headed 
| 
| 


0.976 


0,952 


METER [Pa 
Ss 


0.870 


o 


CURRENT 


HE CURRE 


0.612 
0,019) 


& 


46 
7 
8 
9 
0 


0,009 0. 
0,802 | 0.9% .38| 0,784 
0.009 


0.755} 1.76 | 0,943] 2. 


1,88 


ee 


- 
= 
& 


0,741) 1.78 


0.714] 1,67 
a 


0.702) 1.64 


‘1,72 | 8.97 

1,69 | 3,90 


4 
4 
4 
‘5 
52 
‘53 
54 
56 
57 
58 
59 
60 
= 


utations carried to six significant figures. This accounts for the differences in 


= 


= 
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o 


Revolutions 
per Second. 


Veloc sity 
oe Second. 


Difference. 


Revolutions 
per Second. 


6 


ior 


698°0 | 
¢ 


628°0 


jo sourye 


600°0 


a 


829° 0 
6 


uo 


Velocity 
per Second. 


| 


699 0 
919°0 | 823°0 


| 


969 


0 


129°0 


910°0 


pue 


“810701 


= 


Rev volutions 
per Second. ; 


aul 


elocity 
Ries Second 


=: 
£0°0 


Revolutions 
er Second. | 


0 


2 


) 


“SNOLLATIOATY 08 


> 


Revolutions 
per Second, 


=o 


"Difference. 

p 
Revolutions 
S| per Second. 


park 


(fF 


90° 


OC 


Ses 
| 


Velocity 
per Second. 


0'°0 + 4009 


als 
OP'S 


&£09°0 — 


ao 


00 


4 


Revolutions 
per Second. 


“Velocity 
per Second. 


*SNOILO'IOATY 


4: 


q 
| 


> 


re 
= 


z 


1,30 2.99 
1.27 | 


a6 


o 


o ow 
“ 


= 


3 


Notg,—Tab 
] 


ity c not always agreeing in the last place 
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; 

Velocity 
= 


Revolutions 


Revolutions 
per Second. 


Velocity 
per Second. 


Revolutions 
| per Second. 
Velocity 
per Second. 


0 


08 


‘SNOLLO'IOATY 


Revolutions 
per Second. 


per Second. 


OOF 

06 


ws 


Revolutions 
per Second. 


co ¢ 


Velocity 
per Second. 


| 


*SNOILO IOADY 


Revolutions 
per Second. | 


| 
per Second. 


J q 
Difference. | & 


Sece md. 


Velocity 
Second, 
Difference. 


or 


SOIL 


29° FI 


‘SNOILOIOATY 


0 


q x: 
4 
| 
& 


ND CARE OF THE ‘CURRENT Papers 


ON OF _VELocrry Context Maren 
ES FROM THAT OF THE Mean ' TABLE, AS A 


PERCENTAGE OF THE VELocITy OF THE MEAN ' 


 Revolu- || 
tions per || 


cent. | cent. 
—0.74|—3.3 
— 0.81} —1.8 
—1.5 |—1.2 
— 0.85 | — 0.85 
—0.72| 0.0 

— 0.62 

+ 0.54 


= 


ess 


+++ 
ooroo 


He 


+44 + ++ 


ots 

+t++ 

eo 


202 


+ +++ 


tot 
+ 


In taking | ‘th the tail v anes and ‘the hanger 


stem; then Toosen the set-screw the cor act ‘chamber, and pull the 


chamber oun by a slight twisting ‘motion. Care 1 must be taken to let 
gh the cups be free to. turn, ‘so that the worm gear on the 1 upper end of 
the shaft can disengage itself from | the teeth of the contact wheel. = 
a handling g the con itae wg chat mber, ‘it: is. ‘well to take off the | cap, so that 


the ear -wheel can be seen “durin the eration. The cone oi nt 
can then be the cups by loosening the “upper 
"part of the shaft with a spanner wrench This | wrench is arran 
that all parts of the meter can be loosened with it. 4 
In putting ‘the meter together, first attach the cups to es 
shaft. In doing ‘this, the of the ‘shaft should be inserted ¢ 


7 


} 
ond. | cent. cent. Per Per >, 
| 1 _99 - | cent. | cent. 
—11| 00 
HW | — 0.48 | 0.0 | 0.0 q 
| 
| e and will stand 
ma 
j 
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ake be! is screw o the 


I must 

-counter- clockwise After cups howe ‘been fastened to 

insert the cone point and clamp iF d 

ta act chamber. In replacing | the contact chamber, the cups should be 

te ft free to more on the and ¢ care should be taken ‘net to 


allow a ‘sli ght vertical motion of the « cups. ; 


which the meter can pe 


are tw : 
in., an is a box, 84 by by! 5 Sin. The 


3 9 by 7 by 
larger bia takes the meter with the tail attached, and eins sufficient 
room for carrying eight, a eable for suspending the mete 
and miscellaneous tools. The small case is arranged with a shoulder- 
strap, and is just large enough to carry the meter and the tail when 


taken pert. The. weights, the cab le, and other | to be 


carried i in a separate case. 


r 
T he following articles accompany meter equi 


ment: A small screw- -driver, a pair. of ‘parallel “pliers with wire 


cutter, a spanner wrench, an oil- aan, ol of adhesi = tire tay 
of metallic tape, a 50-ft. 
i= 


following paragraphs should 


‘There 


be carefully considered 
-1.—Be sure that the s are all tightened before putting the 
meter in the water ; otherwise one of the parts may be lost. asa 


, —Loosen the sleeve- nut and s see that the 1 meter runs freely before 
| 7 


beginning a ‘measurements and sp spin n the meter cups occasionally during 


“a measurement to see are. running freely. 


8. that the w ig reely on the stem, so 
avoid a on 


‘th 
“ma 


‘the meter; the meter may be ina hole; or + the. cups may be bent so as 


q 
q 
| 
D- 
“4 id ate 
; 
| 
observation 
* 4 ‘ows doubt on its accuracy, investigate the cause at once. — Grass ee 
be wound around the cup shaft; the cups may be tilted by tension 
on the eontact wire: the channel mav he ohstriucted immediately ahove 
as 


“sl After a measurement, clean and oil the bearings: (in order: ‘to 
prevent rust) and inspect the cone point. 

 b-Tag packing the meter, ton ‘the sleeve-nut to lift t the cups from a 


oe 7.—Always see that the lock-nut on the cone point is i screwe 


—If the cone point is dalled, it can be with ‘oil- 


—In “measuring | low velocities, “that. the meter 
hori ‘position. on. If it iz has a tendency to tip, it held in 


- place by using § a plug i in the e slot for th the stem. 
10. —Avoid measurements in velocities at than ft. per 
“meter d diminishes as zero velocity is 
approached. ‘Compare velocities of 0.5 5 — sec. and less, as shown 


—For velocities of lees than 1 “ft. sec., the bearing p point 
be sharp and smooth, at time of rating. the 


< 


el 


velocities, sufficient 


1e lower hole on the stem, and the weight should placed above. 


—If the “cups of @ small. Price meter ‘are bent, they may be 
easily put in ‘by using a or metal bar with a ‘end, 
—The receiver is very ry sensitive to electric currents, 
to locate any break in the Fiat try the 

attery together (Fig. in a cireu it having a -make- 

at a. ‘This may be done using a knife blade 


or a screw- making ¢ connection where wires enter er the plug. 


here i is no click i in n the ’phone, then the battery or or r the ‘phone does 


not make a circuit. If. ro is a click, insert the meter it in 


and for a contact in the meter head (Fig. by “revolving ‘the 
‘meter wheel. If ‘the 3 meter is all ‘right, put the e meter cord in ‘the 


circuit and test both ‘sides by making double and touching 


alternate » sides: of the line, a (Fig. 6). 


4 
| 
| 
| measurements at 
| 
“Hil 
a 


en the meter is not in use, disconnect the meter line from 
the so that it will not become exhausted. 


—W ‘hex measurement t has been « completed, the e solution may 


in | e wet if the zine ‘pole | and ‘stopper a are replaced by 


—Do not let remain to 


box; it t gets: be th 


of the cell, in | which e: ase the ners 
is short- cireuited and the recorder “ 


will not indicate. To test “this, 


‘the plug a little: way ‘out of, 


eep > the 


q 


“necessary to work with a telephone 


ter ry be serv viceable even 


taken, it is very 


improbabl telephone 
ceiver will get out order. 


- phone receiver, as a heavy Jar will to eoter | or less 


netize the pole | pieces, and to that e: nt will injure the ‘receiver. 

—Care must be taken not to short- -cireuit the dry battery when 


the meter is not in in use, as in that vy way the cell becomes exhausted i ina 


‘short time, ‘the energy” being used in heating the cell. avoid 


‘the poles are wound with adhesive tape. 


a dry cell which hi ‘en long in sto ail 
(OTE a as y sell which hee b been long in stock fails to work well, 


. punch two nail holes in 1 the wax on top of the cell and put it in water 


| | 
q 
— 
| 
4 
q q phate cell sometimes gets pushed q 
he battery and see li there is pe 
— 
4 
ng 


over night, it will 

holes should then be coated over by heating the: ‘vith match, 
pressing it into place, « or pouring in melted paraffin. “cell 
has | been exhausted by use is much weed this» is treat- 
of a cell depends largely on t 


M EASUREM [ENTS WITH THE CURRENT 

measurement of stream for which the current meter 
as s devised, consists in the determination of the —- of water flow- 


quantity is 


as the ‘of two factors: the cross- 


section of the stream, which is determined by sounding; and (b) the 


_— of the water, which i is ‘measu ured with the current meter. ' The ‘ 


ual unit ‘fee "expressing the dis charge is the second- 
‘foot abbrev iation for cubic foot pe r second. —equivalent to the 
m 1 ft. wide and 1 


Sections at which. measurements are regularly made are 
cnown as gauging stations, and divided into fou 
velocity and depth are 


XXVII oni XXVIID. 


same for all s tations. 


measuring to the thread 

nt on the stream whe re the 


velow the ‘section, are 

‘This: section, 


such The distance Detween ‘the points will 1 depend 
en on the size and character of the stream. fa The pe points should be spaced 


so as to show any irregularities « either in the cross-section or in the 


‘ity. If the section | is. to for the 


points ould be indicated by, per ermanent marks placed 


 * A detailed description of the collection and use of stream-flow data and the prepara- 
tion of estimates of discharge may be found in “River Discharge,” by Hoyt and Grover, 


published by Wiley & Sons, New . (ae i 
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i i known as measuring points, as the observations of the depth of the 
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Fig. 2. MEASUREMENT AT CABLE GAUGING STATION, YAKIMA RIVER, 


| 
a 
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“station, on the cable of a cable station, » OF on the tape or tagged ine 
usually stress a stream are made 


Ps 


varies the 


soundings 
cord, the depth | and 
measuring point across the stream m. Ifa If a rod | or soning 
= 


n 
e 


without the meter, soundin 
before taking the velocities. > 
TO ILLUSTRATE DISCHARGE MEASUREMENT 


leo 
(3 


Y 


sounding ng with the rod, care is taken that it does not sink into 


bed of the ‘stream, and that the reading is not too high | on on account 
of the water running up on it. The soundings from bridges or cables 


weight rests on 1 the bed of riv er directly under the point, 


and, with the line t taut, a point is marked o it opposite a fixed ] point | 


on 
a ae the bridge or car; the weight is then rais athe itil it just touches 


surface of the water and | the length of tl ‘th unding line that passes 
the fixed point i is measured. he depth is is by ‘placing the 
end of a linen or ie ¢ tape opposite the fixed starting point on | the 
= sounding line, grasping both the line and the tape in n the hands, 
up the line and tape without permitting them to to  alip each 


other until weight res aches. the surface of the water. length 
line thus drawn t up, representing the depth of the water, is: then 


line is used 

| 

; 

7 Usually Made With the weight ald and il such Cases Care 

= ss taken to eliminate the error due to the weight being carried down the _ ha nd 

| 
| 
| 
| 
a 
| 
| 
| 


by one e person, even when the water is from 10 to 12 ft. deep. 


In mi making velocity measurement, the meter is held at the point 

in the stream at. which it is "desired to ascertain the > velocity of the 


current. _ The wheel is allowed to revolve for a few seconds, in order “- 


djust. ‘itself to the current, after which | the time for a 


is from which ‘the velocity” 


able for the meter cou time should be 


noting ‘mentally 
usec 


0. usually smallest interval indicated with ‘the ordinary 


mean horizontal velocity ina 

ring g points is ‘desired. Various: methods are used 


= for this “determination, amc which the following 


gat are 1 


en 


(a) —By the -curve ‘method, measurements of bor 


zontal velocity : are usually” made just beneath ‘the surface, at 0. 5 ft. a 


below the e surface, and at each fifth to each tenth of the | depth from — 


the: surface to the bed of | the stream, as near the bottom as 


: measured velocities, when plotted with depths as  ordi- 


wtical 
nates and velocities as define each vertical the vertic a 


i velocity- curv e, which shows the velocity at every point in the vertical, 
and from which ite m mean 1 velocity can be determined by dividing the | 
depth. three methods: are used determination: 


—Divide the area into” any of 


sually ten, and take the 1 mean. of the» velocit at 

as the mean velocity 

e the area into sections of conven at depth, which will — a 


at mid-point of each 
be equal except for ‘the bottom section, which may have an odd depth. 


— 
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if: 23 
given number of revolutions 
from the rating 
discharge | 
| 
| 
| 
| 
| | 
Bs! | 
a 
| 
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SS 


| 
| 
| 
| 
| 


bottom se ection is = odd depth, multiply its ‘mean n velocity by! the ratio 
its depth that of the common depth of the other sections, andadd 


this “produet to the sum of the middle ordinates of ‘the other 


and divide by the number of sections, 

— 
Studies | 


of vertical velocity-eu curves taken en on many under 


diets vertical curves have the fon a 
bet 


in which the axis, coinciding with the filament of maximum a 
‘velocity, i is parallel \ the surface and i is in ‘general situated between ts 
e surface and one-third of the depth of: the water. rom ‘the maxi- 


wal nearly ‘to the bottom, where it changes more rapidly on account | 
of the friction on the bed. As the depth velocity. increase, the 


curve approaches a vertical line as its limiting position. 
|The vertical velocity- method is valuable as_ a basis: for the 
ison of all other 1 methods, ned aNege ning the coefficients to be 


sed Jig reducing” the v 


or use eg ges conditions of f flow, an 


(b) the two- tenths- eight- “method, the observations of 
velocity: are taken at two points s located at depths from the surface 

of 0.2 and 0. 8 of the depth | at the measuring point. . The x mean v velocity — 

+s taken ~ the mean of the velocities at these two Points. me ‘This method 

is based on the theory that the vertical v elocity-c -curve 


— already stated, in | whie h case the mean of, the “ordinate: t 0.2114 and ca 


0.7886 6 gives the mean n ordinate. _ A study of : of a large number of vertical — 

velocity- “curves shows that, this holds true ‘Nature; experience 
"proves that this method giv es ‘ore consistent results He any of the x 

others except ‘the vertical -velocity- curve method. 

—In the | six- tenths method, the: observation the velocity is 


a depth from the surface to 0.6 of the de pth of the 


.58 and | wed the oth om the 


‘WA 


themean 
| 
J 
ig 
| locity decreases oradually upward to the surface and 
| 
7, 
» 
| 
1 
4 
| 
a 
Le 7 
is a parabola with the maximum abscissa between zero 
mean ordinate is between 
0 _A study of a large num- 
bal shows that the mean depth 
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the mean velocity is approximately 6 of the depth. This method 


has the advantage of eae 


satisfactory ‘results but not as as good he two-tenths- 
(d) —In the sub-surface the is 
made at from 0.5 to 1 ft. below the : su urface, ou endin savas on the depth of 4 


the stream. out of 


disturbance. 


ve locity of the stream, The deeper the stream and the greater the | 

3 the greater the coefficient. For average streams in moderate 


freshets, a coefficient | of 909% should be used; in flood work, 
efficient of from 90 to 95% and for at ordinary stages, 


method, and surface are given in T die 

Independent discharge measurements, as on are of but 
value in hy aulie work unless they are taken at stages which are 
known to be either extremely low or extremely high. In ordinary 

it is necessary to ‘make a series: of mensurenents ¥ which, with 

ae at; daily gauge heights of ‘the flow of the | stream, enable the computation 


the total flow of the stream and also its distribution, _In connection 


the indiv idual measurements, it is necessary to observe 
under which the 


is n order t the ion of a station 


rating cu curve and estinndts the daily discharge. 


SURRENT- MET HARGE 


usually “made to determine: “(@) the ea, the mean velocity, 


; and (c) the: total discharge of the stream. The o obser rved data from a 


‘these computations a are made of soundings at known inter- 


vals “across the stream, (b) the mean velocity vertical at veach 


sounding | point, , and (c) the distance between the of measure- 


The mean ‘velocity, area, and harge are independe 


— 
iin 
| 
isin the mean velocity. This 
| 
= q q 
| | q 
TY 
4 
q 
wt 
im 
a 


; 
each partial area a included between from successive 


ninates: 
channel to | t ich ‘one i not apply 
velocity rmined by ig the total discharge ae ee eee 
The formula connec ion with 


assumption that the | 


curvilinear— depending om the 
bed of the stream and the horizontal velocit; 


vary from the measuring point either as a “straight line or a 


omputations, 1 may in 
_general, be classed as rectilinear, and 


a series of ¢ 


. comparison of the computation of ia 


formulas, ha has been prepared d. 


hes s Geologi seal Si rve 
s G g urvey.* 


In his | it is shown that 1 the 


Uy + d, i+ Uy 
(4 


point 


I, ig. 7). 

The area between any two perpendiculars ot messuring. ‘points is 
4 


to the mean of the at points: multiplied dis- 
tance. Sim ilarly, the n nean ies for the area betwee 
erpendicu la lars is equal to t ea n of the velocities at t 


T he product of his area idl: ‘the mean velocity i is. 


SUREMENTS. 

At many stations | the velocity the river at stages is 


email that it may ‘be advisable to o find a section near by in which 


Low-W ATER 


4 
| 
4 
sa 3 
il 
— 
q — 
rome 
to the dis 
= | 
a i 


Susquehanna..........McCall Ferry, Pa...... 73 8.8-80.0  1,21-5.20 Cline 
Susquehanna..... .... McC 68 C6. 1,40-9,70 
Susquehanna......... isburg, Pa........ «| 8.2-8.0 | 1,62-2. 
Susquehanna i N. 80-4, 
Catskill Creek i . .27-3.8 
Delaware (E. Br.).,.... 75-4.) 
Delaware (W. Br.) ‘ 67-4. 
Esopus Creek ingston, N. Y. A 1.8 0.65-5. 
Esopus Creek........ livebridge. N. j 
Fishkill Creek ..Glenham, N. Y.... 
Housatonic ylordsville, Conn 
Rondout Creek s le, N 
Schoharie Creek 


[Papers.. 


ETER 


wad 


Dover. Plains, N. 

_ Wappinger Creek..... Wappinger Falls, N. Y..... 
Appomattox....... ....Mattoax, Va 

: Cartersville, Va 


CURRENT M 


* 


eos 


hy 


-Roanoke.... 
 §taunton.. Randolph, Va... 
Madison, N. C 
South Boston. Va 
Jorth Wilkesboro, N.C..... 
Jorth Wilkesboro, N.C 


MOU 


< 


Morgantown, 

 Catawba,...... Mount Holly, N. C 

Catawba Belmont, N. C 

 Wateree.. 

Broad. 

Saluda 

South Fork Holston... Bluff City, Tenn...... 

Nolichucky ............ Greeneville, Tenn 

- French Broad..... ... Oldtown, Tenn 

_ Pigeon Newport, Tenn. 
Tuckaseegee ..... .... Bryson City. N. 
Little Tennessee Judson, N.C... 


USE AND 


> 
= 


ris 
| 
| 
|, 


JO 


uyor 


“preuogon 
‘sedooH 
‘oyep] 


‘a1Q ‘uoje[pued 


99 


HE U 


A 


‘ 


* BUNT YB 


* BIT 


“UO 
‘quo, 


* 


**adostuuny 


Ins JOH 


sSuanidg yeoqurveyg 

‘OAM 


‘sBuridg ang 


ION 
**guoysogs 


WoW’ 


quoK 


AA 


8°08 


et I-t 


hy 


AONIS 


C06 


Number of 


qooj Ul 
‘sory 


jo 


Depth of thread of | 
mean velocity,in 
percentage of total 
Depth of thread of | 
maximum velocity, 

in percentage of 


xIS 


yidep 


pue do} 


| 


oie 7 


as—t 


Papers.) AND CARE OF THE CURRENT METER 
| m< vy | ft 


sDUCING TO MEAN VELOCITY. 
CoEFFICIENTS FOR REDUCING TO 


maximum velocity, 


entage of 


Range | Range of 
of velocities, 
depth, | in feet 
per second. 


1.2 | 2.60-6,36 


328-6 ,.81 
3.61-6.79 


“4 


M+B_ 


pth 


: Depth of thread of 


‘ 


Mean of |9 2140.8] 
Mid- | Top. | top and | — 
bottom. 


de 


Number of 


total depth. 


curves. 
Depth of thread of 
mean velocity, in 
| percentage of total 


in perc 


ean of 219 curves. 
ighe 


2 
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ABL E 5.—Cu JRRENT- METER 


Date, Dee. 12, 1908, 9.15 a. Mm. Stream, Rock Cr. Party, F. F. Hen 


shaw. Locality, Mass. Ave. Bridge, D. Meter No. Gauge 
; height, beg. 1. 97, end 2. 03, mean 2.00 otal area, 67. . Mean 


velocity, 2 2.15. 144. 


| 
OBSERVATIONS. 


ce i; 
serva- an | ‘Mean “Mean 
tion point in ver- |in sec- 
“| tical. 


* 


| 


= 


o 


1e stream and the channel so as to it 


For such measurements, meter clamped ‘rod Plate 
T) is the most satisfactory; this 
ul. Inu 
specially useful. Tn m: 


= 
4 «| «18 0:86 | 30 | 1.68] 2.26. 2.16) 1.3 
ade by wading. In order to obtain 
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across 


ently to 


vy the vertical 


should always be 

curve method, or by ‘the _two- tenths-eight-t ‘tenths method, the 


latter, by many comparisons with vertical velocity: -curves, having | been 


shown to give results| closely ‘approximating the “mean v velocity. 

of this = the water is not too and velocity in 


of water in artific 
nels must be made with speci al care, as the Jaws of flow v for open : 


channels are not always applicable artificial “ones, because the 


water level | may be subject ted to disturbing influences such as under- | . ¥ 


“currents caused by intakes and outlets at rapid velocities. 
“Accu RACY. AND RELIABILITY OF THE CuRRENT 
No attempt will be m made herein to review the numerous diseus- 
sions on the accuracy and use of the current meter. is unfortu-— 
nate that, in these discussions, most of the adverse arguments have 
teen based on personal « opinions rather than on the results of extended — 
meter observations, and ‘that, from them there has resulted somewhat — 


a of a a prejudice against the meter by those » who are not. familiar with its 
use and limitations. This prejudice, howev ever, is rapidly, earing, 
with in 1creased use, the meter to be recognize 

standard instrument: in hydraulic, 


In the consideration of the accuracy of ‘the results obtainable | with = 
‘@ncnmea meter, account should be taken of the use to be mad made of 
the data. It must be ‘remembered that both the total flow made of 
stream and its distribution over the drainage area are onstantly 
changing, and that the conditions existing at any time probably 
never occur send The flow which may be expected in i any given 


| 
i 
Theengineer stands below tis tape line all to one side 0 the meter 
a ey aa (Fig. 1, Plate XXVII) in order that he may not disturb the action | | 
of the meter. Iron rods, in. in 
having split at the top, may be used 
when making such measurements. 
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[- As with most instruments, the accuracy and ‘reliability: of the cu 


pape: meter depend on in the measurement and 


= men wie’ were unfamiliar \ vith it and with dios > conditions: under 


is shown by results of the “"measurements 
taken at gauging stations on streams with permanent, beds. ‘These 
show t that ‘measurements taken with different, meters and 


| different operators ‘at intervals throughout a a series of years plot o on =; 


An examination of rating tables: (Table | 8) for various meters 


indicates that, barring : a very slight) variation due to ‘0 slight, differences 


in manufacture, a standard could be used, for all meters and 

still bring within the limit of error which should 

expected in this work. — The re- ratings of the meters, as used i in the 

field, ‘also indicate that they are not subject to great change, if ead 


have not been ‘damaged ond if the pivots are kept in good condition. 


— 
is also noted that the me meter — velocities | greater 


review lat al the av ailable ix in regard to accuracy 


| 


a of the meter, and of the data collected by, the engineers of the United 

States Geological during the last two. decades, shows that the 


records extending over a long period; for this reason ultra-refined 
— 
a — 
> 
a 
i 
2 
a that, in general, the errors due to the instrument when properly used - 
a “will not exceed 5 per cent. It is believed that the results of the 
| greater number of measurements are in error less than that amount. 
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Be: 
ARCHE W ITHOUT HINGES.* 


ng the following ‘method are often used 


in finding the stresses in certain classes of statically indeterminate 


structures built of elastic material, but, as far as the writer is aware, 
. 
have) never been applied to ce the stresses in an open- -webbed 


} 


such an arch rib be considered cut, at the crown, by a vertical 

plane, it is divided into two parts which are reach statically determinate. 


i divides | the rib into two . parts as as shown in 1 Figs. 2 a and 3, ical 
* This paper will not be be e presented at ‘any meeting, but but written communications 
subject are invited with it in Transactions, 


i 
2 
4 
son, M. Am. Soc. 
— 
— 4 
— 
— 


Papers.) STRESSES IN -OPEN- -WEBBED ARCHES 
member at center being considered divided into two ‘equal 
one of which i is taken with and the « other with: Fig. 3. 


determined by statics when each half ac per canti- 


lover truss, | and that no stresses can be p 


e suppose 


a and then, under any of ‘the hese two points have 


oints havi 
the same motion, as ‘the same Therefore, for a load on 

the left half it is that, the stress in member of that half is 


a separate 


these No matter what the nature direction n of 
force | produced by j joining a and db, it may be considered replaced bya 


If we suppose halves to be further 


the points, c and d, , then a a and b have the same motion, gos ean and a 
hove the same motion under any condition of Joading. Therefore, 
for a load” on the left half aa the right and left halves connected at 
and b and at and a, ‘the s stress any -member of f the left half is 
‘that due to the load on half, when, the h half acts: a a simple 


cantilever modified by the forces produced a at a and c by ‘connecting 

ato and ¢ to and the otrees peodneed i in wad member of the e right 


is that due to the force 
etod. it hardly 1 need be mentioned that due to. conne 
atob c to d, at a and ¢, are and to those at ba 


| 
q | load when: the two 
«ag 
4 q 
ii 
| these points, and the stress in any member of the 
— 
7 
nid 


what. the amount, ‘direction of the deve 


between a and b, b, and ¢ and they may each be replaced by their 


wizt jected | to any loading, 
be represented by “the fous forces of Fig. 4 H, 
direction of which may be as shown or the 
opposite and the ‘magnitude of w which is to be | 
determined. Knowing that for. clastic struc- 
tures | deflections are are proportional tot the loads 
them, four equations between 


unkn own rces Hay He, and Vo and 
% y determined deflections for the 

ting may readily be written. The solution 


of the simultaneous ¢ equations will “determine the 

at the crown of the arch for each half. These 8 of 

condition n for finding the unknown forces at the crown n will n now be. 

ritten for a symmetrical a: arch. . The general n method “is equally 


applicable to an unsymmetrical arch, however. = 


Teta a loa id of 1 Ib., at any point, L, , cause th the point, ¢ 4, , to take a 


position, ad, , and the 


a vertical load of unity 


points 27 


zont agente of a due to a vertical load of 


of due to a vertical load of 


‘unity at any point, 


unity at any point, 


— 
— acting 
— hori- 
— a 1 
"t1cé 1ents. for the two naives connecte and sub- 
be zontal and vertical compo! = 
— 
a 
— 
3 
— 
— 
c, Hew position av c, as i 
— "Then A, = vertical deflection 
— 
> A, = vertical deflection 
| 
— (A, = hori 


Let a ve of 1 Ib. a “cause a, take a new 


a point, c, a new position as | shown in 
of a due a 


=v vertical deflection -— 
vertical load of 


horizontal deflection” d 
— 


= = horizontal deflection of c due to a of 


wi Let a vertical load | b. at ¢ cause th the point, 4a, to take a an 


position, a’, and ‘the poin a , as shown in 


d = vertical deflection of a due to | 
= ver tical deflection, of due to a vertical load of 


h= horizontal a due a vertical load of 


deflection to vertical load of 


a.-as 


to a horizontal Toad 


of unity at a; 


= detection of due to a horizontal tend 


= vertical defection of a a horizontal load of 


As ° 
= vertical deflection of to 
“unity at a. 


| q 
— 
iif 


STRESSES IN OPEN-WEBBED ARCT 
a horizontal of) unity at at ¢ cause the points, 
the nev ‘Positions, a’ and ¢’ respectively, as chown 


go deflection of a a due horizontal load of 


orizontal load of _ 


= vertical deflection a to” horizontal load of 


= vertical deflection of du due a horizontal load 
7 = in. four simultaneous equations will now be written, from which 


the four unknown forces, v Vo and acting at the crown 
ie due toa a load of unity al at any point, x, may be determined. alee 
ame 4 the points, a and b, and tl s, ¢ and d, connected, | 
or the points, anc and the points, and connecter 
= 
ive: motion of a must equal the motion of b, and the 1 motion of ¢ n 


downward motion of a V. +i H, dis + H.d.,,, 


and these must be equal, as are for the same 


The downward motion of ¢ = 4, ra, d, wt 
the dow of d=+YV, ey + Hy dy 


he motion to the 1 right of a Vay H, vd, + H, dy, 


and the mot mation wot the right o of =—V, H, ag 


— 
q a and e, to 
— 
| 
— 
— 
| 
— 
ia 
3 
| 


and ae eee to the right of d = 


| | 


forces are found, in terms of twelve easily. deflections: 


—d, “2 a, —4, 


d, —d, at d, —d, 


to Ay and d, to d, as found by actual computa- 


If the values es 
value 


tion, are in the direction heretofore essumed, their numerical » 

s to be inserted i in ‘the foregoing ‘expressions without regard to 


it f they are found to be i in a direction opposite to that assumed, 


must be inserted with a 1 minus sign. “hee — 


‘From Maxwell’s Theorem, it is known that: 


d, = d,, and d, d,. 
For a any particular configuration of in the arch rib, very 
much simpler expressions | for V and V, may be 
ad at any panel 


For the case ) assumed, to alk ustrate this paper, a loa 
0. 


»)> and dy is st still - = 


(dd, 


‘For any panel point of the rib loa 


por 


| 
=) a +t c dy — Hy de 
3 
— 

|| 


2° 


| For a ‘configuration at the ¢ crown, as indicated in Fig. 10, ‘that is, 


diagonals adjacent ‘the crown ‘meet at the top of the 


A 
and V,=0— 


= 0, and 
for panel point loaded. 


all the cases A 


4 
— , and 


— 
> 
Then, for any pan 
— itis 
alue of the horizonta 
— “have, for the 


as a static ally determined structure. any ac ‘actual problem, 


‘of course, be « determined acourately, | both as 


unk own crown forces will be of the same as the 
above, but may ¢ differ i in 1 some of ‘the ¢ signs | of the terms. 


e resulting plus values for r Veo Vo H indicate t that they 


act as as assumed, and the minus v values that in 


—Let 


3 
pie 


of ‘the arch is considered : as. 
‘Separate structure, t the full 

the normal figure 


“dotted lines: the figur 
changed a rise in temperature. 


vertic deflection of aand b 
in temperature; 
5 
in temperature; oe 


= = horizontal deflection « of a and b due to a certain Pen = 


= horizontal deflection of ¢ ¢ and d due - a certain change 


rise oe a fall in temperatu 


Theu upw ward motion: ofa a 6, +1 ad ‘A, 


the upward motion of b = dis H dhs; 


H, d, 


13 


for the tw ) haly es es connect ed. 
hese motions must be 


ag for the unknown crown for 
4 
q 
Four equations emperature, 


sho 


hows that 
Ve anid or to q 


d, 


The foregoing gives a simple etho for finding th 
e mber of the arch due to: a load at any point, om for any 


desired change i in n temperature. Under: this method, the work may | 
easily divided into several sets of independent ‘and ea 


ope erations at the ve very beginning of ‘the computations, the reby leaving 
nly the small anc “easily managed theoretica part: for 


IN my 
— d.. and making a 
, remembering that d, = 
= 


_INSTETUTED 1863 


NE BRIDGE, 


‘sahickon Creek, is ‘notable for the great size of its 1 main “arch, 
- the ovelty of ome of its features, the character of its material, and 
the method of its construction. It is hoped that a description of it, 
with a discussion of the principles” of its design, oo eee for its 

2 special features, and the lessons learned i in 

tion will be of interest to the Profession. 


‘The ravine of Wissahickon. ‘Creek, in ‘Fairmoun 


= ‘has 1 been to make lon 


pheevy i 
By Ordinance of July 13th, 1905, City the 
ae construction of a high- level bridge on the line of Walnut Lane, 


where the ravine is narroy and ‘mos dvantageous for th 


of course, depended on th ves eleva- 


the , and as considerable grading of a approaches - was 


oTE.—These par issued bef the daté set tor on ais 
cussion. Correspondence is invited from those who cannot be present at the Rtn 
Meeting, and may be sent by mail to the Secretary. Discussion, either oral or 
will be published in a subsequent of Proceedings, and, when 

a nally clos osed, the apers, with discussion a full, will be published in 7 nsaction 


— 
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aking Henry H. Quimsy, Memerrs, Au. S 
ses in t Park, 
and deep. It separates two popul Park, is narrow 
or any town and Roxb arates two populous sections of the Cit 
° ao most of the travel bet ee 
vin 
leaving 
‘son 
meces- 


obtained « on | the approaches, 
of each percent. of reduced street gradien ‘entered into the considera- 
tion 1 of the problem of dimensio 8 nd design. la The question: was some- 


what further by t the that on a the Germantown | side the 


of the. filling for the 
west ‘approach w was pera from the cut of the east -approa ch, and was was 


This change of grade was made in order to. produce a “slight 
crowning ¢ and relieve the elevation, or side view of the on of the 


middle of ‘the main span and 1% from there, to the east abut- 


‘The grades ‘adopted give the floor at ‘the ‘middle. an of 


. above ordinary water level i in the creek, As the depth of the 


structure at the « crown is 14 ft, the ‘soffit i is 133 ft. ‘above the creek and 
bout 1038 ft. above the drive, giving an imposing and majestic sweep 


f arch that i is very: impressive. = 


in As the two springing points a are at the same 2 elevation, the grade 


over the bridge, in making the spandrel piers on one side higher and 


puts extra dead load on that side, this” is 
the w : 


ater. Th situ tion clearly ndicate ed an arch 
able form of f support for the roadway, and 1 the ) necessity 


of a ring both the drive and the cre ek, while making ea asonable pr a 


; vision for the future widening of the. drive, taken i in consideration with 


ertical fi faces of the piers. 


the profile « of the rocky bluffs, fixed ‘the location of the abutment piers 


and the span of the main arch, , which was made = ft. between the 


> 
AVOILMBA 


005 GOL 


VM 


LANT 


sary—eutting for on 
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ee carted across the DF i 
This 
Ea 
ther side 44 in. thicker, and length of spans, « 
idering the matter tic reasons, that there 
onside irable, for ssthetic reasons, the 
d as very undesirable, for ¢ netween the creek and 
column interposed between the = 
Id be any pier or column interpose 
about 30 ft. ab 
q 
important that the rem 
r, and it became importa 
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of the eurreundin 


appear inappropriate and inadequate, and ‘the possibility future 
neglect of proper ‘maintenance ‘enhanced the of ‘selecting 


The development of the sphere of usefulness of and the 


ity’s extended | experience in ost use of it for a r arches, walls, and floors, 


and | 
charactor and value are ined, and 


The most economical Tength of 1 the approach spans was 


Db trial to be | 60 ft. from nter to center of the piers, or 53 ft. clear. 
conditions called for ‘three of on slope and 


| 
The profile of the rocky banks fixed of the 
” ‘lela points of ‘the main arch, and gave a graceful proportion 
be tween the clear | height above the creek and the length of the span. ie. 


‘The type of structure ‘selected is that of the stone arch bridge 1 in 
% Luxemburg, 1 Europe, built i in 1904, which is ‘substantially two bridges 
side’ by de with the space between over. ‘The type is 
“economical for such | a structure, becau large masonry arches of : 
width sufficient for their own independent stability. have more than 
ma ample strength for any highway live load that may have to be carried, 
and any increase in width or strength would be utilized only in sus- 
of 


taining the weight of the added material Thus, i in the main 


this bridge, the arch ribs themselves constitute one-half « of the whole 

Toad to to be carried—both dead ar nd live—and, as the live Toad is 

than one-twelfth of the. dead load, ‘a single barrel of the full w vidth of 


the floor would “clearly be wasteful because ‘its thickness not 
safely be : made much less than that of the narrow ribs. The width of 


the floor ‘is 60 ft., whi le that « of each of the two ribs is 18 ft. —siving 


: be have been found in a park = 
cte a structure to 
ooden floor, but —would cause 
Pa 
the adequacy and omy obtained bridge throughout, 
t economy obtained ‘material o 
2 
q 
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f supporting arch, or + only 6 


The space between the ribs i is 16 ft., . of sri overhang 


These 20- 


ite e flanged 6 i in., ,in n order to give | the barrel or rib of each arch a width — 
3 ft. 6i in., and pilasters ¢ of equal, relief, 2 ft. 10 in. . wide, , were made. 
ktween ‘the arches to afford angles. for concealing the vertical join 
nthe wall. . In the 53-ft. arches the e flanging of the walls is 9 in. 


the ribs 4 ft. it. wide, but a sheeting of concrete, 18 in. thick, 


pects the ribs into pairs constituting the be urrels, 18 ft. 


ech = widened 3 ft. beyond line of 
a the sidewalks of the k. 


of wall of 8 ft, whi 


ewalk, » in onder to give access 


‘pass the drainage 0 oui ‘thro h 16- “in. 

nto the body of the 1 pier and outletting on 


The floor | struct 


m center center, with jack- -arches between them 


beams over the ft. are 65-Ib, per ft ft., end 


ils, 2 ft. 6 in. thick, wh or ribs of the 
of 4 ft. 9 in. in. from the edges of and carry the floor. 
. 9 in. to the e ribs, gi . These 
and 14 ft. for th thus outside of the bri 
witer of th the middle and aide ai ned by the floor, are 
iter of the walls... side aisles, respectively, r, are 20 
a 
| 
und ch is tow, © by 1V It., givin 
ses of have a floored chan ables by the 
= the light to the unde 
hight poles. The 10-1 to the electrical der the 
grate-top inlets in 10-in. vertical wrou conduits and 
ide wall of these inthe iron drain pip 
= these s eway gutters are 
built i 
-beams, 6 f 
as the standard the assumed 


between ax es, a 


= 


The concrete Jack- arches can 1 be to an 


ad without throwin g some oad 
on its immediate floor conerete is filled ‘monolithically 


to in. above tops of the ‘floor- beams. If the ‘Spring of the jack 


be — 13 in. above the tops of the saci: there i is constituted ‘a 


: ‘an arch ¢ of 12-ft. . span, having ar rise equal to the 


nd an effective ‘thickness 3 in. at the crown. 


is made that the embedded beam will d distribute 


tal force “developed 


e, in the worst, case—that of, the 15-in 


‘to compute the beams for more than one- tos 

in axle Joad when the axles” are ft. or more apart, but the 
standard weight of the beams used gives value equivalent to five 


es eighths of the 20- ton axle load at a fiber stress of 15000 Ib. » witha 


for the reinforcing value of the er encasing concrete. 
is found by experiment, confirming» calculations based on ceonservative 
e assumptions of adhesion of the concrete to the steel, 

ment of ‘rolled beams in concrete ‘adds one- third to 
capacity, ‘the margin possessed by the floor to carry heavier live loa 


ere made of the ‘relative 
tion of this and of reinforced conerete—conerete beams and 
einforeed with steel bars. The latter appeared to be the lower i in cos 


pane el, or Tess: ‘than per | lin. ft. of bridge, 


ndepen 


would furnish s sup 


— 
spaced 20 ft 
— 
— 
ax : 
= 
load oF 10 rse foot of floor 
gauge of the wheels— Ib. of live load, an 
— 
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| stress ery rigid under rolli 
proves to be ve 
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ice of heavy stree less of an of the floor 
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latter | 

concret 
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diaphr 
forces 


localiz 
pet 
piers. 


forces 


All 


the support rt afforded d by the beams, | and consequently the lesser cost of: 


‘scaffolding, doubtless quite offset the higher cost of the material. 


The 15-in -in. beams” and the 20-in, ‘beams in line with them 
apes conn nne nected by heavy angle i irons with h four Hein. turned bolts 


‘order to 
any possi 
e 


over the top. surface “and ‘around ‘the bottom 


atter point, 


“cone 


| to permit the use of 
wooden ties a ast for | wo street- -railway tracks, and to 
afford also, if it should | ever be re derground 
trolley conduit. 


The whole of the driveway £ floor surface below the paving is water- 
with coating of, -coal- tar roofing pi 


The ‘depression i is filled with cinders, is 6- -in. 


emnereto driveway, 40 ft. wits between curbs, is 


a 


localize the contraction, and the interruption of its: continuity prevents 
its action as a horizontal beam to transmit the wind stress to the main 
piers. Each section, therefore, is “required to transmit ‘its horizontal 
forces to ‘the arch ribs. To provide ‘the requisite stability in ‘the long 
slender ribs of the | main arch, they ¢ are flared 1 ft. 9 in. on each face, *: 
from the e crown: to the : spring, increasing ‘the width from 18 ft. at the 


crown to 21 1 ft. 6 in. at the spring. This flaring corresponds toa vert 


cal batter on on m each face of 1 in 40 in in a a projected cross- and the. 


sew the battered faces of the piers. = It in causes a slight but 


not no ceable w warp in the face surface the ribs being m a 
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EE arches. As these forms were required to be carried high in the air, i ee as — 

lity of a movement apart and split of the 
3 

; im 

ted at intervals over the 
‘connected: ot intervals the 
s, and over the ribs ofthe main 
a -in. cross-walls, which serve as braces for the walls and 

. diaphragms or transverse bracing to transmit to the arch ribs the wind i eee ar 

forees_on the floor. The floor is separated by joints into sections to 

| 

| 


ing is 9 ft. 6 in. at the sg; spring and 5 ft. 6 in. at the crown. The 
ibe ‘of the: approach spans not 
throughout— —and their faces are plumb. 


The transverse walls do not extend over the space the ribs, 


t clear span and 10° “twelve 1-in in, 
square steel bars diagonally ssed 
he transverse walls on the ribs ¢ are 2 f . thick throughout 


the bridge, ex except those over ‘the: west half of the e main arch where they 


LAN'IVA 


2 were increased i in ‘thickness. to 2 ft. 44 in., in order to provide sufficient 
ght to make the dead load o the arch symmetrical by 


"balancing the heavier load on the east half caused by the greater height 
of the piers due t 


to the ascending grade over the bridge. 


y designed to eco no 
at time ‘avoid too utilitarian appearance 


=< is utilized ‘to balance ‘the earth press 
curvature wings, besides | embellishing structure, 


mize ma aterial 


construction of a buttress, 4 ft. “thick, at ‘the extreme end of the 


SAR 
value to projecting wings, and preventing vertical racks in the 
sharp re- rentrant angles of the corners. Some of these rods are com 


tinued in a a straight line past the ‘middle of the curve of the wing and ‘ 
ithin in. of the surface, in order to give, if. it be ‘Foquired, 


built around | n. water 


a the wing to give free 


access to all sides of tl 


piers were required to be constructed over this pipe, and in each case 
h was formed over it 


the shares of the 19 
4 

— tot 
— alent of 

— be 
: 

t abutment is 64 ft natural 
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being embedded | over the openings | to resist any tendency to crack. 


extended because the pipe | e arch was near 


= In of “each of ‘the 


drill holes were sunk ft 
“solidity, of the: rock, crevies v ere e found. The is 


The open character spandi els: 


numerous vertical joints, presented a condition | quite ‘different from 


om 
mmonly fou in solid sp andrels- of rigid walls an 


ling, the load is distributed and the to buck up is 


ealls. or floor to concentrate resistance to buckling. ‘Each panel deliver: 
ts own individual load, "dead and live, at the same ‘point always, and 


resists to only the same amount. The long ring | ah, b, therefore, acts as 


column, square-e ded, throated i in the middle, subject to varying eccen-— 


loads, and made 1 up of blocks | accurately fitted together but not 


adhering, and, consequently, it is dependent for its “stability entirely 
9 


n its sufficiency of thickness to accommoda te the varying center of ES 
t became specially important 1 to determine the 


4 pomiys esky of the p pressure line by trying e ev ery possible condi- 
oading, both concentrated and distributed. The effects” of six 


are Shown by the stress, ‘diagram, ‘Plate e XLIV. 
The 
0 


5 ‘eccentricity, eo coinciding very nearly with the: line of dead or con- 


stant Toading, with a slight “arbitrary qllowance at the spring f 


The shape adopted for the enki is an intermediate between the extremes Bie 


- which might take place after keying, or from being keyed at a tempera 
ture above mean, as seemed likely to be the case. This shape e was 
4 obtained by compounding segmental | curves on three centers for each 


: as shown on ‘Plates XXXII and XLIV. 


arch 1 was ‘made square- rended, continu uou at the er wn, in 


to hinging it. | 
have eliminated stresses. and redu ed the likelihood 


of initial stresses from falsework settlement, the. 


don solid rock, the 
ugged, requiring no 
; nain arch piers 
a 
hee 
‘over the crown, are all concentrated, and there is no stiffness in either 
— 
= 
i= 
, 
. 
— 
= 
| 
cost would have been 


T 


center pressure, ‘if confined pivots springs “and crown, ‘would 
far mid- line of the ring at the quarters ; and require 


pipee considerably greater thickness there than is needed with the flat- end 
bearing. continuous taper in thickness as well as width of rib, 
as  & fr om. the abutments to the | crown, is an important element of beauty 


in the ‘design. In further pursuit lightness in the of 


the ring, a simple moulding was constructed on the outer face of each 


tapering in width in ‘proportion to the thickness 0 of the ing. a 


the arch, from center to center of bearings on 


, is 240 ft., and the rise of the mid- line i is 70. 5 ft. mere - 


“The maximum fiber stress: appears” to the spring, where ‘there 


theoretical « eccentricity, ‘because of th the arbitrary ~ 


average sat the same point i is 167 Ib. 


tion 1 


length of extrad on the 


from. the change in length of the 
at the ends, changes: in length of fiber representing ‘stress assumed 
modulus of elasticity ‘of 2 000 000 i in both com: 

‘Compu utations were based on a change of the 


Co ere 
erature of. the arch of 40° ‘Fabr., either way from the 

a ‘temperature at keying, which will change ¢! the length of the arch 1 in 


and cause a change of in. ‘the elevation at he crown. rise 


ring and its © confinement 


Tengthening the: produces. compression. of the: intrados: 

the at the middle—and of the -extrados at the 


‘chines the effect being zero at the point 
ate contra- flexure. ‘This point was assumed to be a t the line of the 


is was demonstrated. by t the ‘close agreement, stresses es in 


visions, ‘ee ‘deformation of the arch being necessarily an 

automatic adjustment of ‘the shape to produce ‘uniformity of. fiber 


Me 
; 
ls 
eorresponding fairly. One method was by using the ordinary 
Mp 
— 
shi 
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crose-walls in the 233-0 and 53-0 span to have 1 rods 
_ All rods and clamps except the % tie rods in the floor are-to be 
formed rods of some approved 
bédded flat stones, 
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in each pilaster a 
this pier only _ 


Bridle Path_éF _- 


of the crown since the 
‘completion of the ‘arch show a otal difference between the extremes 
a of winter and summer of ‘in which ‘is equivalent to a change in 
length of arch of 14 in. and change in general temperature 


of the conerete. The actual temperature of the arch a at 


ag time of keying is not known either rib. It i is probable that 


i was 


4 
‘Tesistance: of th made | by ‘Leeds and 
was embedded in 1 one of the mid- Tine near the 


in temperature and i in in elevation of the crown of the arch i is | shown 

on Fig. ‘The heavy upper | line gives the actual temperature in th 
arch; the dotted lines show the maximum , Minimum, and mean week; 


temperatures, a: as given by the United States WwW eather Bureau station 
rq Philadelphia. The ‘solid lower lines indicate the elevation of the 
i two arch ribs. It will be observed that the total change o of ‘temperature 
in the center of the arch amounts to 42.8° Fahr., which | gives a close 
sumptions used in the design, and on 
made in elevati 


dose e relation between 


-dlasses—foundations, abutments walls, and balustrades—stones 
of as large size as conveniently workable were embedded. “Some derrick 
J sed in the foundations, but did not appear to be eco: 
‘tomical, because, under the specifications, a sufficient depth of concrete 
-~ required t to be i in n place to half embed the stone, and at was found er 


the use of one-man size, 
ca 


‘the time of placing 


reduced the e yardage of work quantity of stone thus 


Tif WALNUT LANE BRIDGE, PHFLADELPHIA 
| 
— 
— 
— 
— 
one, because Of some heat Irom crystallization an atmos 
— pheric warmth of the mid-June season, was within 
o be reached, and the second rib, keyed in 
— probably very near the mean temperat — 
— 
— 
structure was of several classes, but in all 


and aggregate, the of the kill of 

. Observations | of the relative quantities of stone and iiieer 
used have determined that in horizontal courses, such are 


> 
a in piers and walls, the e embedded stone consti 


lum 


— el the total vo olume of. the finished work, depending on on the sha 


the stone and the: ‘efforts of the laborers. percentage s 
a the arch, where all the stones were required to be placed radi 


tees. from 25 to 30. The contractors were encourage ed t use as large a 


as ‘could be embedded and 


att 


use of ‘this embedded stone is found to be e 

all classes of conerete work, even such as is reinforced with steel rods. 4 


e, care must be taken i in ‘reinforced work that stones do not 


ti t 
“stones. The i increase in compressive strength of all classes of 


the embedment of large stones, as indicated the tests 


ubes, enhances the value of the material for almost ifn ‘not quite 
rise 


= classes of work . The ‘stones also very materially increase the shear- 
g strength of the concrete, and generally reduce its cost. 
concrete of the ring of each ‘53-ft. arch Was deposited « continu- 


ously, was | accomplished always it in one day or ess, and is of the same 


and “quality as that in 


point of meeting of ‘the ri ring with the ‘transverse walls on n the 

piers, the portion ‘of the arch below this—called the umbrella—being 

constructed as a part of the pier. 

arches this bridge, as const ructed of this 4 

regarded as stone arches of a grade of workmanship superior q 


os to the ordinary | rubble arch, because of | ‘the complete > bedding of the 


individual stones. increased compressive strength obtained by the 


: 
embedment of ‘the | stone is -_attende 5 of course, with a considerable 
increase in. the. ‘shearing resistance, ‘and this quality is” valued in 
p09 eration of the rees operating in the arch at the 
entricity of direct stress produces actual shearing stress, 7 


and with 1 varying z and somewhat indefinite intensity of t bearing stress 
at the ends. Concrete prisms or columns, when compressed to destruc 


— 
— 
— 
— 
8 
— 
— 
3 
— 4 
erete with flat stone e 
— 
— 
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Fre. 2, 


sually fail by shear, ‘the approximating 39° with the axis 


of compression, and a force acting at any angle t to the direction of 


the compression that causes the ‘shearing will constitute a shearing 


foree and hasten the failure. Such angular: force 
lo ding own 


"Tests ¢ arches, made in 1 order to ‘determine 


questions of design, indicated that it is wise to treat the components _ 


of the direct. arch stress at the abutment as so much shear acting gina 
“Regarded as such, the vertical Component or or reaction at the 
spring of the m main arch ribs of this amounts to Ib. per sq. 


5s in. of arch section in shear at the face of the skewbac which would 
high for simple ¢ conerete, but i ig allowable for the material. 


ae ‘The m mix of concrete used in the foundations and i in the body of the 


ers 1 and walls was 1 part Portland cement, 3 parts sand and | 6 parts — 


crushed stone. In the arches—the main and approach ribs and floor 


arches—the mix was 1:2:5. ‘The facing concrete or  granolithic 
ixture of all sur es, and also the body of the balustrade 
all 


and a bank cand from New J was: accepted and 


ining a satisfactory grading—a proper admixtu of 
in, up—the practice of the quarries generally being 


| 


rate the Ati ‘in. stone from the smaller size 


tos 


only 


‘The sand required to be ‘graded—grains varying from fine 


a larger size e will 
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= ee ing the 1}-in. size for a time the contractor preferred to use a lin 
alll sizes fro 
| 
| 
| 
received was sampled after delivery ‘at the 
in the municipal laboratory before being used. 
the tandard specifications of the Bureau of 
of the City of Philadelphia, which are. as follows: 
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tm 


‘Ultimate tensile strength: 
days days a in air, 
28 days: (1 day in air, days in 


days qa day in air days in 


quartz s sand... 
98 days a air, 27 adage in 


“Fineness: 


“Set: shall require at least 20 minutes ‘develop initial ‘set, 
and shall develop hard set in not less than 1 hour nor more than 10 


hours. _ These requirements may | be- modified where the conditions of | 


2 
ue make itdesirablee 


i “Constancy of Volume: Pats: of cement 3 in 


or ‘disintegration. pats in shall: “also remain sound 


hard. 


cement paste, al ng it to harden 24 hours in moist 


boiling it for 8 hours. 


‘aes of concrete, taken from the 


pectors at frequent intervals during the | progress of the work, 


tested in the city’ Iaboratory. Standard briquettes were : also made by 


ectors: from ‘the ‘mortar "extracted from the concrete Table’ 1 


s the results of tests of both cubes and briquettes. A “number of - 


Sa cubes had embedded flat stones Representing as nearly @ as s practicable 


“The acceptance or rejection of a cement to be used shall rest with = a a 
the Chief Engineer, and will be based on the following requirements: oo eo 2 
& 
dvesidue on No. sieve not over 8 per cent. by weight. 
j 
re, immersed in water 
iz: 
: anhydride (SO,); not more than 1.75 per 
“Magnesia (MgO); not more than 4 percent. 
“Briquettes for testing shall be 1 sq. in. area of cross-section ; sieves 
shall be of brass wire-cloth having approximately 9800 and 37 500 
per square inch, respectively, the diameter of the wire being 
s(0.0045 and 0.0023, respectively.” 
eeler test ve nais j king 1 ball of 
air, and then 
: specimen 6-in. and 12-in. 
te 
— 
— 
— 


ers) | 505| 2817) 2000 | 485) ....... 
338) 2 678 886, 2486 | 2486 | 466) | 
337, 2381 409} 2574 | 4469 | ....... 
806 | ....... 475| 2 285 319) 2586 | ....... 
$34) 3617 | ....... | 483} ... 
.| 3884 
.| 8147 

..| 2583 


Average 
:1:8:6 (2)........] 784 
Average (2)..| 1784.) 2204 | 896 2861 | 2590 | 052) ....... 


Tensile briquettes of mortar from the concrete. (2) = Contain flat Conshohocken flat. 

= Flat Conshohocken tone vertically. (4) = Very slow setting, partly fractured in removing mould. 


= Cube spalled, area about 35 sq. in. 
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.—TEsts or CONCRETE CUB 


AGE, 30pays. 60 DAYS. 90 DAYS. AGE, 120 Days. Het AGE, 180 Days. AGE, 1 YEAR. 


sq. in. 


6-in. 
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Tensile 
: |briquettes. (1) 


Compressive 
Ib. per sq. in. 


Compressive 
‘strength, 


tb. per sq. in. J 


Ib. persq.in. |%S} Ib. persq.in. | 


le 
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Tens 
briquettes. (1) 


12-in. 


6-in. 12-in. 
cubes. | cubes. 


cubes. | cubes. 


12-in. 


briquettes. (1 
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Average (2). 


676| 3613 
| 2157 
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Qtr gr 
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3 465 
4 326 
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4 306, 2 891 
(6)1825 | ....-- | 176] 2029 | 
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The tensile of. taken from ‘the concrete 
8 fro 


construction of the first main arch rib \ was a very” hard black 


sha le of high shearing strength | and well queded in size, but was so 
sha rply angular that it was gritty | in the concrete and was thought to 


‘be less smooth working than ‘imgstone. Accordingly, a 
made to limestone, with very s satisfactory results. 
position cand of these stones were as follows: 


eet Passing No. 10 sieve . 


i 


Pereniags of 


‘shohocken” /stone—a laminated silicious ‘Fock ( of very high 


edges which facilitated the embedment of the : stones in a diree- 
_ tion in the arch rings, and permitted close packing wi 


‘the horizontal courses of the the piers, ete. 
ee The showing faces of the concrete ‘throughout the bridge 


a a fine concrete | or -granolithic ‘mixture, ‘using for all except the 
ae balustrades a crushed black shale which had ena a 3- in. 8 


—— 


will be observed that: he 6-in. 
(1.) The 12-in. cubes h 
bes; 
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— ine 
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to maintain y eum a coating of the mixture against the forms. . 


Ler 


the mixture and the concrete were both of consistency, they 

readily united form a “monolithic mass. No case has yet 

of the separation of the facing mixture from the body = 
-erete. The face of the work : throughout w was finished ipa ag 
forms as ‘goon as practicable after” the concrete had set a 


“was still friable, and with bru and water “washing 


“ture. The fo forms were ‘generally removed on 1 the day following that 


> ig 


which the concrete was deposited. In cold weather the 
Tequired to remain from two t three days to permit the concrete 
“harden sufficiently to maintain itself safely after the removal of ‘the 


This process of finishing produces a surface which very closely 
resembles stone in texture, and, as it removes the coment film which 


segregates ‘against: the forms, all likelihood of surface veracking: is 


4 


‘eliminated. The tone or color of the surface, of course, , depends on 
the ageregate used in the facing mortar. i The black shale grit and the = 
yellow bank sand used for facing the body of this bridge ‘produce the Ne aN 
general « color and tone of Eastern” granite. The mixtur in the 


construction | of the balustrades, which constituted bow 


* 


of this fine 


"purpose of obtaining more dureble: ‘material, it being richer | 

a more uniform te 

a concrete of conser ageregate, 


facilitate ‘the removal of the forms 


they w were constructed with the uprights or studs set about 8 in. 
fi of the work, d nks | of the forms, which 


width equal to to the de pth of the courses, "were secured in place with px t 


easily ‘removable cleats tacked to the uprights. a On ‘the top and bottom 


aD 


was cleaned of dust. Fc — 
— 
— 
— 
= 
Li 
a 
— 
iim 
— 
used in the remai Screenings in place of the 


Ye 


into ‘the concrete to ‘cause Courses were 


a finished at ‘the apex of ‘the to bead, tei when t the “forms and planks 

were removed on the following permit the “washing of t the sur 


a face, ‘they | fitted into 
the half ‘imprint Ie 


ag vertical beads were used, and no effort was made 


the soffits o of the be exposed fo for washing ‘until 


centers removed, and > surface was then te ‘too her ard t to be 
og yed by a brush, 


ers on top of the 


size limited to 75 cu. yd. 


specifications ‘prescribed that each | section or block was to be 
continuously m start finish: without cessation, in 


se “order to sail joints, but in several cases ity was found to be impossible 


complete the section | before dark, and forms were then erectéd to 


give to the day’s work a radial face. it was, found possible 


to complete a a pair of | 


The numbe of blocks was four— -in twelve pairs— 
placed i in the order their numbers as Fig. 8, with seventeen 
ms small b blocks or key The first two cast were adjacent to the crown 
ae key, thus s veverning the usual order of procedure i in the construction of 


masonry a arches, although it has been ‘customary 1 to Expo arch 


sed d by the thrust, of the arch a at the The arrange 


‘The | construction _used—building the voussoirs— inde- 


pendently, scattered « over the centering to be joined later by 


ee 


af 
ean 
sed trom a. Swinging 7 | 
sh side—so that the 10rizontal thrusting effect-on th 
— 
— 
| 
— 
— 
— 
% 
crown cau all spaces for Keying, the si 
oO leave seventeen sm ae ak 
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very accurate y; and all ges Or 


Purpose of this x 
a deformation before laying, i in | order | to. prevent the occurrence of cracks 
in . the arch, 8 condition which has generally been experienced i in the 
construction of ‘stone and concrete arches” ‘under the usual 
method of beginning at the spring and proceeding continuously up to 


> crown. utility of me method was demonstrated 


and although each main arch has i in it forty joints, 
saa which | are without sufficient adhesion of su rfaces to give tensile value, 


yet been discovered any disposition to | anywhere : be 


1 on n the steeper portions of 


the lagging. ‘This was in the cane ¢ of the ‘third pair 
were at the quarter points—by means of three 1}-i “in, 
oes: round, upset rods, made up to the ‘required length with ‘turnbuckles, 
and having 12 by 12 by ti -in. 1. plate washers at the extreme ends. 
rods ‘pass over the crown at the midline of the arch, and Blocks 1, 3, 
and 9, were cast around them, the end ‘washers being embedded 
aoe | Block 38 : No indication of ‘movement of any of these blocks on 1 the 
e found, and the one or two that became stressed must 


n by as light ‘movement of the joists. For 
pt each side, , the e separ: ation of the blocks 
al concrete struts: on the 


fire, 15 y 201 in, in th 
in the third. struts must be bailt: 


wil they ly form l and 
with the key, th t hey y = the 1 


oo to be sustained a: ‘these struts was in a large measure dependent 
on the amount of friction on the lagging. Assuming that, , if the bods 
should ‘move enough to. break the bond of adhesion of the ‘cement to 


ne lagging, there would be : “no friction, the p pressure on “the struts 


the ribs are in 
ag 
— 
— 
— 
4 
iy 
dex,” 
Sa 
have been called into 
three lower key 
was maintained by sm he 
‘ring, three in each spa 
and 12 by 18 ix 
éthe sections; they must =‘have; because of this initial stress, somewha 
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— 
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yn. the 
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Each course Concrete to be laid continously throughout 


bo 
Abutment and Wing Walls 
Reds to be continuous around corners and of that 
faces of Body and Wing Walls Neat Line 
to be granolithic and scored with beaded Moulding 
pare Light Pole to be im din Concrete ab’t 5 ft. 
4-1°° Tole to be 


Granolithic paving finish 


: 


— 
pressur 
enclose 

The m 
eliming 
mushy 


wedge-: 


‘visible 


would be about | 300 Ib. per sq. in. of gross area. Any shrinkage of 


concrete body of a “key would entail the shortening of the struts by | 


compression from arch stress before the ma n body of t the be y would 
be subjected to shrinkage of as much vy in. - in the key 
would require for the corresponding compression of the struts 
‘pressure of about 2000 Ib. } per sq. in. \. if the modulus of elasticity of 


‘the concrete be 2000 000 Ib. per sq. i in. ‘This pressure on small 


enclosed a area. would not cause any injurious us effects on the: material. 


eliminated being in the of ul nderpinning work, The 
mushy concrete was deposited in shallow layers, more 


this extra body dressed off ste set. 


anticipated hinge 


cracking as the successive were cast. The « in each case 


opened on the up} upper | or outer side of the struts, extending carly 
within 6 in. of the under side, thus reducing the actual a 


to a fraction of cogs provided, but it was evidently ‘ample for li 
No special effort was made to grout up these 


ailure of the liquid of the concrete to penetrate 


ould of course leave ‘some small portion of the are ae ai 
section unflushed and ‘void, but the area ost was trifling, a 
Bmoreove » Was at the least important part of the arch—the ee 


B The t theory of the construction of this arch, involving the princi es ) 


of numerous keys and temporary hinges, logically called for a key Sum eg 

m space at t the springing line, but it was omitted there because the satis- 

fctory ec construction of a have been difficult, cand the struts 


tially on section about 25 ft. directly on the skewback 


| 
| 
— 
iii 
— 
visible effect of sh treme top of — 
the upper joint, where a very fine hair-line crack was distinguishable. 
many not even this could be found because the concrete was banked 
he sink-head principle 
its developed as the 
“Weis, 
| 
a4 
| 
| 
mmainder of the arch would have been large enough to interfere 
| Momewhat with the proper deposit and compacting of the concrete of 
— 
— 


DELPHIA [Paper 


with its center of about 4 ft. in ‘front of the face of th ne abut 
ment. The correctness of the theory referred to—that a key was neces: 


sary at the ‘spring—was- demonstrated d when Block 8 was The 

on 1 the falsework, at this stage of the construction, “caused 


- bearing on the inner or lower edge. ‘This ‘action occurred at all four 

of the ‘skewbacks, the cracks thus formed varying in size of opening 

#1 in. on another at the extrados of the 


th and tenting to within 1 about 121 in. of the intrados. oe a 
ay, —_— as construction of the arch on the sections as tilted would have 
Salmi on a + Eraction, of the s area of the ring 


th tei uniform over ta width the 


in before the ing. Tis absence of openings 


cracks in 


— One of the ribs. was | subjected to an unintentional but interesting 


ae teat of its stability by inadvertent unsymmetrical loading during the 


construction of the spandrel walls, which work was done after “the: 


Centtering had been removed. The work of construction over the arch 
ired to be. ‘carried on simultaneously on opposite sides, in 

ender to. avoid unsymmetrical loading, but, through | a combination of 


4 am the rule was neg ected for a a part ofa | day, and.a weight 
about tons of concrete was deposited in in the spandrel walls of one 


soon as the condition was 
careful examination was made of all the joints of ‘the arch, but 


the slightest at evidence: of “distortion ould be AY pressure 
‘ 
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| he der the At 
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ts and against the f this adjustment, p yn. of the voussoir 
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lines of 3"galvanized-iron pipe 
7.54.1b. per ft. in each sidewalk, cut 
gt expansion joints and 
‘sheet zing 


PIER SOR 4. 
Lines of 3°Gal. cli 3 
Iron Pipe / /6"x 34" zinc to cover 


gu 


OVER THE 


N CREE 


arch’ ring. ‘is accounted the great weight of arch 


The centering was required to be maint ined the completed 


“wedges 
ond > we ges 
second arch ‘was ‘keyed 


peeks. stresses in the were high enough, apparently, 


to produce progressive de deflection, so that , during the time of loading > . 
and subsequent, seasoning, the falsework compressed sufficiently to lower 
crown in, tl this amount being the same for both ribs. 


- anticipation of this co compression, ae centering 1 was originally set a 

the plan elevation. During the construction of the keys the wood: 

work was turated with water as far as practicable by flowing water 
nts through holes in the lagging, and the water was: shut 


oon as t the keys: were completed, the purpose > being to obtain the 


done 
“this cose, for it is probable that the softening of ‘unconfined fibers 


of the wood by the absorption of water did not operate to increase 
3 the height of the centering byt the swelling of the wood, as was e: expected. 2 
action of the e wood during the period following the keying of the 


4 apparently, was the continued yielding under the load, indicating 
that the elastic resistance was less" than the imposed stress, and, as the 


ne of ‘ere crown of each of of ‘the two ‘main sihe was only 4 in at es 
the wedges, it would seem that the elastic resist- ec 


The centering was designed by the contractors. Its general 
} ment and details, with stresses and s ‘Sines, are shown on Plate —. 
bents were supported on conerete piers built on the rock, with the 
of | four intermediate ‘ones, which “were “supported on 24- -in. 


Cheam stringers” spanning the. creek bays. The lower story” of the 


igh bents was made of ste lt beams and hanmels br braced with angles. 


Papers] 
— 
f rising temperature (J une 
Bs 
gs 
— 
— 
8 
tsuilicient to carry 
4 
my 


— remainder was mee yellow pine imber. The working stress in the 
by 10-1 “in, ‘posts, which had up to 18 diameters o of “unsupported length, 
Was about 1000 ‘Tb. per sa. in. As ‘the sills, ‘blocking, and wedges, 


ere 2 all 10 in. W wide, the area rea of side-s ‘grain bearing was the same as the 


a end grain, and the unit stress, therefore, was the ‘same. The resulting 
ae of the fibers of the yellow eo where they bore on on the 
10-in. oak wedges } rand showed that the stress was beyond the p proper 

g. T he extre eme stress in bend- 


n thes e was evident. The steel I-beam 


, and the resulting deflee- 
ae _ tion, therefore, was 3 normal, and had no effect on the concrete work. 
ae The steel L beam ‘Posts of the lower - story had a stress of from 5 700 to 4 


Ib. per sq. in., ., according to the unsupported length between points 
attachment of the diagonal bracing. The 6-i in. steel rollers under 


a the high ese were loaded, during the erection of the arch, to 3 400 Ib. 
that the. ‘rollers were all equally loaded, which 


is hardly The total of the falsework 0 on the rollers of 


together there with -in. roun “oak treenails. 
notched to bear vertically on the ‘caps of ‘the bents, 
: © joists were left. straight and smooth their underside, 
timbers on top of the caps” of the bents “were, dressed to fit” 
them and r receive ye their pressure, ‘This construction produced 


horizontal as well as vertical forces” to be resisted. In a the lower bents 
he lateral thrust was ‘greater than the vertical because of the 

it was r esisted struts or rangers extend: 

higher bents, where the inclination was 


that they 
not arch. 


t. an 


drying out was m re than wulicient accom odate the ‘shortening 


Rp 
q 
— in., and ample 
200 Ib. per sq. in., 
ps of bents was 1 
— 
— 
i 
ture was the method of connecting 
— 
inst the beveled timbers. 
spiked to the joists above and aga joists would 
act It was apparent, howeve 
saht of the concrete ri g did 
way, and also that the lagging 
— 
— 
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LINE 
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AS 


AILS OF 


-treenail ‘pins, , the play i in the and “compression the 


ol 0 
sides, the lower joists ‘being 


F ing of the centering began, ‘The proportion of 3 rise to span is ae. 


that a change in length of are produces almost exactly the same amount 


change in the elevation of the crown. Therefore, for the deflection 


of in. at the line of joists must have > sho rtened in., 
When the ‘centering ¥ was taken do own, i 


found that many of permanently bent into 
tigzag shape, presumably due to the ‘effort of the linked joist to close = 


| 


veal structure would have resulted from fitting the e nds of the 


-—unsatisfact tory “detail in the high blocking cused 
Be the first and second stories, and between the second and third 


om 


‘stories. The caps and sills of the bents at these points ‘were 


“double, to furnish stiffness between ‘the: posts: for anticipated 


< 


and third stories 10- in, block two oak 
in. 1. wide | and 5 in. thick at mid point. ‘There was thus in. of 
wood bearing across the fiber, made up of six pieces 10 i in. |. wide, 


“objectionable nature appeared in the “unsymmetrical ‘yielding of the 
om under long-< continued p pressure, causing g the pile: of blo cks to buckle | 


Toad some of cS W 
he e unsymmetrical yielding seemed d to be be dus 


— 
a 
ay pwn and proceeded downward 
tted into the end spaces, the  ###§$ 
their linkine over (aia 
resisted by their linking over 
— 

— 
ant 
fore had to h made 1 in hlackine  Retween serond 
hes 
— — 
8g 
— 


err 
x more ie dee the heart wood, probably from absorption of water, and then 


on te “greater compression of 


thicker i in than at the This dishing w: was 
‘perceptible in the sills of the second story, and only slightly in the 


_ sills and caps between the second and top story, the transverse bracing ah 


probably acting to distribute much: of the load to the outer posts. 


tes action sof the falsework indicated that ‘the unit it stresses t to > which 


‘resistance, and it is recommended, therefore, that working 


mited to 500 Ib. per ‘sq. in., 


SSeS of wood in side- 1 bearing, « even for temporary duty, st should 


means provid d for height the and for 
them ir in striking the “center, consisted of o oak k wedges, 10 10 in, 
wide. and 20 in. long, tapering from 7 3 thickness, placed 

crosswise of the sills in order to facilitate When the center 

was. lowered the wedges | on the bents vat the _skewbacks were 


loosened first by] backing them out with: ‘sledges. At each | of the four ; 
points: they were found to have only a moderate pressure on them, 
proving that there was no considerable arch action on either | the lagging 


or the joists. Then the wedges ‘under the middle bent were slackened 


backing ‘them n only enough to release a portion | of pressure, an 
all the “other s—working- gangs of x men, one toward 
end. A numbe er af the - wedges ¥ were, so. tightly held that they 


could not be started without having the weight on them ‘partly taken q 


‘each 
on jacks, one or two 15- ton ratchet s screw- jacks being used for 


eh tenacious wedge. One wedge | refused to budge, even then, and it had 
be split out with chisel bars. The evidently unequal | loads carried 
by ‘different posts « of | of the same bent may be accounted | for by ned 
values in the posts, and the consequent deflection and con- 
“eentratic 
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¥ 
to o the ends, , and all bents were e lowered several inches clear ¢ of 


The longitudinal bracing of the bents acted as a truss, and carried” 


the middle -bents when their wedges were dropped, thus preventing 


any bents from lowering 1 much below their immediate neighbors. 
4 Notwithstanding the apparently heavy p pressure on some of the wedges, Reine 
‘it clear tha t, at the time of striking, the centering was carrying 

only a fraction n of | the weight « of the conerete arch, for the deflection — 

of the latter upon the “withdrawal of the support of the centering 

‘amounted to only in. at the | crown and in ‘quarter. 


was case in The deflection was measured by three 


of ‘the reasons the economy in the doub 
was the practicability of building | one rib” 


only: enough | centering for. one rib. the centering for the 


8 time, requiring 


main arch was made for a ‘single rib, while the falsework piers were 


, made long enough 1 for the t two , and, ‘en: the first rib was swung, 


whole the « exception ‘the ond dents, which ‘were 


_ moved independently—was moved over as a unit into ) position for the 
second rib. This was accomplished by using rollers. ‘under the 


and Jacks pushing on the sills Gig. Plate ‘XXXVD. . The steel 


bents had been erected on -in. solid steel rollers, and 3- in. wood 
rollers were inserted under the low bents. The: jacks heeled against . 


blocks chained to wooden spurs built: into the ‘piers for the purpose. 
The jacks were all actuated simultaneously, and a uniform speed of - 
‘Movement maintained in order to Prevent any skewing of “the 


4 


fl 


structure. This operation less. than three 

eS The | contering for the 53- ft. arches. was an A-frame truss with ; a 


collar tie at mid but ‘no tie at the heels 3 the thrust, therefore, 


sustained by the piers. Computation of the dead weight ‘resist- 


of the piers to overturning indicated that in ‘two cases it w 


3 sca cely equal: to the overturning g moment, and that prudence woul 
precaution of ties at the heels of the ribs. were 


er, and the - construction was accomplished without any — 
ot of ‘thrust upon t th piers. The owelling of th co rses_ 


ete 
every with the ‘embedded stone projecting above the surface, 


the arch. 

e arch. 
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do ubtless to be credited with increasing the 
e ae piers | by giving tensile ) value to the joints between the — 


‘The vertical support of the trusses of the 53-ft. arch centering 


‘obtained | the | 6-1 -in. projection of the coping, supplemented with 


oe a wooden trestle bent from the ground. up in front of each. of the = 
piers, and, : ‘in ‘the “ease of the high piers, a timber corbel. bolted ‘to the 
of the concrete. ‘The bolts for the purpose of supporting the form 
timbers, wherever used ‘throughout the work, were fin in diameter, 
. and built into the concrete; and the x nuts, 4j in, equare and. 8 in. thick, 


Were embedded from 6 to 08 in n. As sa rule, they X were loosened slightly by 
“unscrewing g them one turn within a day ¢ or two after placing, i in order : 


E facilitate their ultimate removal, which was generally accomplished 


with little trouble, — A few, however, were found to be gripped so 


tightly by the concrete that they were twisted off in the effort to un 


screw them from the nuts, and had to be cut off with a chisel. This 
was done 1 1 in. or ‘more below the surface, i in order t to o permit ¢ a a sufficient 
body of pointing to pi prevent ‘the metal from rusting a and staining the 
face. All holes left by these bolts were plugged with eranolithie 
mortar and washed to match the face: work. 


and set a asa on the project: 


The centering for the floor was from the em- 
bedded steel beams with Bi -in loop hangers or saddles over the tops of 
the ‘beams, blocked. with wood high “enough to facilitate the > removal 


of the block and the pulling out of ‘the loop after ‘the ‘concrete 


i deemed safe, in order to get the hangers out with, the least <diffculty— 
under favorable ‘conditions for setting, it was done within three days 
held’ by the conerete tightly that ed 


become ‘self-sustaining. The centering was removed as early as was 


jac -arch centering was 


a 


pended by single ropes through small holes. in floor concrete 
suitable intervals. These as well as those left by the 1 with: 


— 
4 
— é 
— | 
La 
— 
— 
— 
drainage of any water which might get through the paving, 
oo ae co spaces left by the removal of the wood blocks were filled with concrete. . 4 
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at the piers and on the by sw swinging 
eonerete mixing was under the cable. 


The erature changes throughout the structure 


“The system adopted in n general | of ¢ dividing ‘the structure | into 
sections, all the joints being with groove and ‘tongue, 


“cushioned wb. a layer of soft felt. Steel reinforcement was 

not used anywhere to resist temperature effects. It has been observed ae 
3 concrete structural work that unequal ‘expansion of parts has caused is 


rupture or r spalling. Some parts— such as the rail of a parapet—may 


have less mass of body, and jo more completely « exposed the 


atmosphere, than ¢ other perte- 


been found that, at where ach action n is likely to ‘develop, 


a sheet of soft mineral- -wool 1 felt, 7 ts or 3 in. , thick, according to cir- 

"cumstances, will an elastic cushion which, by compressing, 
absorbs expansion, and, by swelling, follows contraction of the « con- ae 
thus keeping out, and minimizing the ‘appearance of ‘the 


the abutting s surface of the joint. Tf an any portion, p: particularly 


< an edge of the joint surface, has the concrete in contact it / may spall ee 


The floor structure, being of jack- arches, required staying at the 
in to take up the of the was 


> » 


occur, seat, of the sliding seale made with a sheet 


ine, in. thick, ‘flanged up at the back to. prevent its dislodgment. 


‘Tis smooth surface facilitates the sliding « and it does not rust. The 


Same device used at the base of such of the balustrade posts or 


piers. as occur at floor joints. The joint was necessarily made on the 


‘line of the ng bracket wall, but it was not desirable 
to slit 


; 
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‘jesponding more quickly to changes in atmospheric temperature. They 
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mniddle aisle, independent of each other a 

crete, The joints are located so that in th 

al 


about 24 ft “apart over 


of the greater rigidity of the the ; 
ae joints are only about 18 ft. apart. In | the floor the joints are as much | 
‘as 60 ) ft. apart, and ‘the “movement. has not been enough at any one 


of them 2 to a erack in the paving of the roadway, which is 
q 
us ov r the joints. — The joints in the: sidewalks have the 


also” made Sie hinge action in th- spandrel arches, 
‘the chan nge of relative el elevation of their springing points: with 


fall 
er the rise se or fall of t the erown: of of 1 the » main arch. The ch change 0 of elevation 


eae of ‘the crown from variation in: temperature is 13 in. The spandrel 
piers, therefore, move up and down, each an amount proportionate to to 
ee its distance from the middle of © he : span. _ Thus the one nearest, the 


end rises ‘one- e-fifth of 18 in., the next one two- fifths 8 of 


vertical, ‘the effect on on wens small arches is a bending ¥ with rotation shout 
f this to. 


or ‘to open ond 


“higher up, a sheet of asbestos s felt was built i in the whole width of the 
Of course, 


or indeterminate At the few point Ss 


conditions produce tensile stresses, the amount of te tension is 
SS low that the flat embedded stone would furnish ample v alue to carry 


them, several tensile tests of a stone used showing strengths of from 
to 1200 Ib. per sq. in. These points are the sidewalk “brackets 


which are opposite cross- walls where steel béems were not in the 
' the floor, and. the 4 ft, 9-in. overhanging fl floor slab which 


is supported on ‘the sidewalk brackets. Ki In the former, two 1- -in. square 


were embedded, extending into the concrete of ‘the: middle aisle: 
transverse tie ‘Durposes, and in the floor slab four -in. ‘square r 4 
were embedded in a sens direction. Ina addition to these, trans- 
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.dinally | at ‘the point of of 


of the. ‘spandrel “wall, 


were embedded transversely in the spandrel_ piers on the ‘main 


arch, where the cross- web walls are much less in n thickness than the e 
pil s0, in the high hollow shafts of 


in the abutment wings, and in the 
The: likelihood of concrete ecomi g z deta ched from large flat sur- 


faces of steel 1 was s provided against by the use of steel anchorage at the 
few points whines such action would be possible. These were the e projecting — 
of the 15- in. floor- where they form br ackets, 


= with: side" “wires welded to ‘them. 


of the sidewalk brackets was supplied in addition with }- 
‘square steel loops tying it to the sidewalk slab. . The aim throughout 
- the: design w was to counteract every conceivable tendency of the concrete 
to. open cracks from any cause, and the monumental character of the 


structure demanded that every ‘precaution be taken to ensure 
| utmost quali of durability i in every part of it vs 


is probable t that no completed str 


imide or elaborate in 1 design, has been regarded by & even ‘its author ¢ “Se 


Gtk 
Perfect. 


Doubtless every progressiv signer each structure, 


“as it is being built and after it nished, remembe ng his veaean 
or certain features and passing critical judgment upon their merit, 
and determining how defects may be corrected, or the cost reduced, , oF 
appearance improved. more is learned failures ‘tom from 


“successes, the most interesting comments on anyt 


matter of taste, of a work of art is hardly 


a competent critic of it, and, therefore, suggestions for r improvement of 


sign of the ‘Walnut Lane Bridge must te 
‘modifications of structur 


ag 
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verse rods, 4 in. square and 18 in. apart, were em dded in The SIdewalks 
— 
— 
i¢ 
— 
— 
flanges of all beams. The encasing concrete is clamped to 
beam webs by 3-in. bent bars passing through holes in the webs, and 
| 
3 th | 
4 
ls 
ucture of considerable size 
| ing may be criticisMS = 
ete for otters, 


ot 


p 
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. most persistent enemy of masonry work—stone, brick, or con- 


-erete—is water when it finds entrance to i The provision made ein 


this bridge 1 for drainage has not p t proved for r the complete « ex- 


it appears, 


re serious than n 
t isk Ithough the driveway is asphalted 
a it, som ome water seems to get et through 


2 it, and it — ‘outlet below where it shows ¢ on the nearest surface, and 
produces efflorescence The joints in sidewalks and curbs are neces- 
"sarily uncovered, and, consequently, water finds its way through 
—_ _ them, spreads along the floor "seat ledges, and : appears in stains on the 


- finished faces of | some , of the abutments and piers. It i is ; intended, in 

Suture work of similar character, to ‘construct grooves: in a the mate and 


wall joints and below them through the piers or abutments to some 


of discharge at or below the surface of the ground. 


In other bridges, to prevent ‘the infiltration of water into’ such 


at joints, by the membrane method of "covering the joint with ub al 


elastic coating, not been entirely successful, but it is rene 


Some economy might have been attained, without lessening the 
stability or the > durability of the work, by omitting the 18-i -in. concrete 


sheeting between the ribs | of the 53-ft. arches— -making four ribs, each 
4 ft. wide, instead « of tw o barrels, 18 ft. w Ww ide—and by making ‘the 


walls 2 ft. “thick instead of 2 ft. .6 in, Less steel 


in the piers wll have been justified the high ‘grade of 


bi 


plete bonding and gr great tensile st strength resists: ‘shrinkage and. 1 other 


the ‘only modifications of the ‘design which have sug’ 


a ted themselves | during the 1 two ‘years of construction of the bridge 3 
which ms observation test of “merit the 


4 
— 
_structures—is apparently the only eatu q 
regarded as a structural defect. The 
— 
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tion, , represent the established practice City « of ‘Philadelphia in 


‘its: bridge work, and, ‘therefore, were not experimental. . The method 
oof constructing the main arch, as prescribed i in 1 detail i in the specifica- a 
tions, was new, but the results fully justified it scientific and practi- 


ae and it has been used | since on similar though lighter r work with 


‘The total cost of, the bridge, including ¢ waa 
ndards, bush- hammering, and all extra’ work, was $267 000, 
which gives a rate of $7.60 per sq. i. of floor surface and $0. | ee 


ft. of space—area of profile by width of 


oe _ ‘The prices in the proposal and forming a a part of the contract were 


"= 


he work covered by the plans—lump sum 550.91 


‘Bush hammering sof soffit of arch ribs— 
Additional bush- -hammering—per square yard. Pe 
ee ‘Additional concrete in n foundations—per cubic 
"Additional “concrete above _foundations—per 


ubic yard. 
‘The bronze lamp te the bridge, the 


| sine on the iron pipe poles in the refuge bays— ae 


contracted for ‘separately—* cost. ‘$79 982. These poles were made high 
enough and strong enough to « carry ry diagonal catenaries for the support 


of overhead trolley w wires in the event of street railways | ‘crossing the a: 


bridge i in the future, the purpose ose being to avoid all use of poles along 
the curbs. The 1 total cost of bush -hammering the soffits | of ‘the: main 
arch, approach arches, and spandrel_ arches was $2 147. 


e 


‘The total quantity of concrete of all kinds in 1 the is | 19 


thet 
to: 138 tons, and the steel rods in foundations, wings, 
centering of the main arch required 885 cu. yd. of concrete, 


884.000 ft. B. M. of lumber, 116 tons of structural, ‘steel, and 
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on The construction extended over two years—from J uly, 1008, 
ae aa = July, , 1908—concrete_ work having been suspended for three months 
during each of the two winters. bridge was dedicated with appro: 
-_ public | ‘ceremonies and opened 1 to travel on December 16th, 1908, 


after the grading of t the Walnut J Lane ‘approaches w ‘was s completed. . 
Honorable mention is to wud and 


= 


Mee The work covered by Item 1 of the proposal includes all the work | 


necessary to make the | bridge complete as per plans, and consists of 
, grading | at Piers 3 and 4, , construction of 

ag all concrete and reinforced concrete work, with necessary centering and 
= paving, iron pipe conduits for electrical wires, drain- 
appurtenances, manholes, electric light poles, and filling behind 
as far as the lines shown on the general plan. 


the two ribs of the main with pneumatic bush- 
cient to obliterate all of the lagging 
an 


In all foundations, stones of derrick size may be embedded, 
aa stones may be embedded with them, but they shall not be closer 
z than 2 in. to any face, and they shall be used only by depositing con- 
crete first and joggling the stones down into it. The embedded stones 
ae in the foundations of Piers 3: and 4 shall be of flat shape, and, as far as 
"practicable, inclined as to be normal to the direction of the resultant 


fa The concrete of the main ‘wid ring shall be composed of 1 4 part 


cement, 2 parts coarse ‘sand or gravel, and 5 parts: crushed stone, with 


embedded flat ‘stones. crushed stone shall be from in. to 3-in, 
=. size and thoroughly mixed. — The embedded stones shall be not less. 
? than one- man size, and of such shape that their thickness will be 
approximately one- quarter of the average dimension, and shall | be of 
quality and character equal to the best of Conshohocken’ stone, and be 
approved as such. They shall be placed in ‘radial planes as close 

together as practicable, always edgewise to the centering, and embedded 

first placing a sufficient depth of concrete and then working the 


Ses stones into it. ge At the points | of bearing of the spandrel p piers and of 


Maes the spandrel walls a number | of these stones shall project above the 
ring to form a footing and bond. The concrete of the -ft. 


i with similar stones, of the same | 


aise, ‘similarly embedded. 
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a All verti al fon work sha have embedded in the con- "eee ; 
crete ed hard stones, not less than one-man size, so that they 
- approach not closer than 2 in. to any surface, and so that ‘every course 
or layer have a number of the ‘stones up from it 
least one .e month before the concrete of main arch i is 
a Each main arch ring ‘shall be constructed in| transverse sections in 
sides” simultaneously—to ensure symmetrical loading 
on the > centering. . These sections shall | be of such length that each pair fs 
can, be constructed in 1 daylight of one day. detailed plan’ showing 
the sections and the required order of construction will be furnished 
by the City. ‘The sections shall be separated by sp spaces of about 2 ft. — 
6 in, which will constitute the keys of the arch. The keys shall be 
5 seve not earlier than two weeks after the last pair of sections 
has been placed. The lower three key spaces on each side shall have 
on the mid- -line three concrete piers constructed att the same time | as the : 
sections, to maintain the | separation of the sections and prevent possible | = 
sliding on the lagging. _ These piers | will be surrounded and built in — 
by the placing. of the concrete of the. key. joints between keys and 
i sections shall be locked by tongue and groove 1 in. deep, N44 


The | design of the centering to used shall be submitted 


‘approval before proceeding with its construction. The falsework for 
the arches shall rest on rock or on masonry piers built on the rock. 


= design shall be such as to avoid, as far as practicable, bearing — i 


across the fiber of the wood, confining t the pressure as far as possible 
to the end fiber, in order to reduce to a min mum the yielding « of the 
structure as ‘it receives the | load. _M Means s shal. be provided for lowering a 
the supports evenly and gradually under absulute contro. 

a _ Expansion joints i in the wa walls and all joints i in. the balustrade shall 


be locked by groove 2 ‘in. and have in. thickness 


= only alight. beveled to permit free movement. = 
Wat the « expansion joints in the floor, where the ‘movement ‘iniiatioeh’ 
“aiding of the floor slabs on the walls, the bearing of the sliding portio 

: shall consist of a strip of 7 

up 1 in. at the back edge. 


tot be riveted to the web of the ‘15-in. four §-in. rivets, and 
‘the holes in the flange of the the 20-in. beam are to be drilled 3 in position : 


2 — 
— 
— 
— 
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— 
‘ 
Al 
-_ 
&g 
Shall be jointed by 
—  wrappin each with 4 b — 
onnection between the 15-in. beams and the 20-in. beams of the 
&g 


steel edging for the granolithic shall be furnished 


Tengths to match the joints in the sidewalks, 


mixture. 


and ‘senmed tapered to fit the bolts, which shall be not less than ] in. in 

diameter at the point of shear, 

saa There shall be embedded in the concrete around the bottom flange of 


each floor- -beam Prin. wire lo loops: 3 in. apart, connected o on each ‘side of 


. apart, to hold the loops in There shall be 
conection below the flange. ‘The longitudinal wires 


~The pipes from the grate top inlets shall be 10 in. in 
40 Ib. per foot, _asphaltum- -dipped, wrought-i -iron or Steel 


x drainage | pipes through the foundations of Piers 3 and 4 and 
shall be 12-1 in, and 16-i1 in. cast- -iron pipe. The latter | 

See be laid with 3 ft. of earth over it, and shall extend to the rocks at the 
The electric light poles shall be complete, except lamps and wires, 
which are not included in this contract. The =. and shall 


be 21 above the They shall be anchored and built 
__ into the concrete 1 work as it proceeds. _ The poles over Piers 3 and 4 shall ¥ 
be of sufficient strength to serve as trolley poles. 


me The whole surface of the floor concrete between the curbs, and also 

- the buried portion of the face of the curbs, shall be thoroughly costed 
with No. 4 coal-tar distillate to a least thickness of 3 in. oo 

Bush -hammering of surfaces, if required to be ‘done, shall be with 

bush- and shall be ‘sufficient to. remove > the surface 


ground to facilitate deflection as work 
— 

Where in the is to ‘maintain ‘the forms 


in true position, it shall be designed s so that any - projecting metal work 


— be removed toa depth of 3 in. from the face without damaging the 
face, and the created ‘shall be ‘filled with -granolithie 


The grit in alle face work, except the balustrade, shall 
dark hard stone from an approved and that i in the 


ranite, 
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filling in the section of floor shall be 
and sl shall be thoroughly compacted by wetting and tamping. 
To economize in centering and forms, the bridge superstructure 
be constructed in halves—one side throughout the length 
ata time—but_ the two abutments: and the of all piers 
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AND DISCUSSIONS» 


This is not responsible, as a body, for the and advanced 


A OF oF CHICAGO PA PA 


To Be Presentep Oocroser 61H, 


2 


one, 


in 1860. a city of 100 000 inhabitants, The condition 
= the streets can easily be imagined. There are photographs in 


= that evidently owner his own 


Cc 


or three squares were paved with blocks, and about the 
time some pavement was laid 
‘The first real pavement was the Nicolson block, a pine block 
similar to the present -creosoted block, but untreated. was laid 


on Fifth bet: tween Lake St. and South Water St, in 1856. 
blocks were laid with 1- ‘in. joints filled wit th gravel “and 


tar, the foundatio: being 2-i -in. plank on sand. The life of this 


—These papers are issued before ‘the date set dis- 
cussion. _ Correspondence is invited from those who cannot be present at the 
; meeting, and may be sent by mail to the Secretary. Discussion, either oral of 
_ written, will be published in a subsequent number of Proceedings, and, wha 
anally closed, the discussion in full, will published in Transaction. 
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— wey adelphia and Boston with be 
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PRACTICE IN CHICAGO GO 


was ‘short, and did not not stay i in favor very | though a 


considerable yardage of it 1 was laid before the Chicago fire in sm 


Up: to 1865 about 25 miles of ‘pavements: had been laid, mostly pine | 


blo block and gravel macadam, 


“After the fire, the grade of the whole down- town and near resi- 7 


2 


4 being used to make the filing. ys The writer, when making excavations : = 


4 for sewers and water pipes, during the last, two or three ‘years, has 


frequently encountered these old Nicolson blocks, still in a good | state ‘os 


q of after being buried in n ashes, brick, “ete. for nearly 


It must that, until, the grade was raised, a large 
part. of the city was practically a swamp. . In the Forties and Fifties — ee re 


the citi: citizens frequently discussed the ‘desirability of stone block pave- 
ments su such as used i in ‘the East. was the opinion then that ‘it hs 
pay y to spend much money 0 on a pavement which to sink 
out of sight ina year or two. It. was this condition which brought 


a the use of plank roads. rf They were very serviceable for many 7. 

‘years, and were active competitors of the steam railways of ‘those a 
‘The writer has read an article, , written, for one of the Chicago 


papers” during the F ifties, which vigorously a assailed “the policy of : 
: abandoning the building these roads, and went on to prove by 


quotation of freight rates that be moved ‘much more 


roads, 


dition - cheaply by team on such roads than by railway; that passengers could 
_be transported just as ‘rapidly and with less ger; and that, if the 
city were to o spend on these plank ‘roads the “amount. of ‘money 

which propo: posed 1 to gi give a a certain railway, dividends of : 30% could be earned. 

two 1875 the. city. began to lay cylindrical cedar blocks, and for 


| 


_ block generally sid on a plank had 

macadam_ base. A gre great deal of this pavement s still ‘remains, but it is 
bad « condition. first laid, it had a nice, even surface, 

1 coal | which was very attractive, and hundreds of miles of it were ‘put down. Age 

of this | About 1890 it began to ‘fall into disfavor, and from that time its use 


and ais. ‘declined, as as its defects Seana glaringly apparent. Its first | cost was ie? 
one thing which made it popular, the average price per “square yard 


4 being from $0.85 to $1.25. 
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we 
1882 ‘the: first ot asphalt was same year the 


rst granite blocks. The cost of these pavements was very high, and 
of asphalt spread slowly, but, from, 1 absolute necessity, 
eae of granite blocks spread very rapidly, and much 0 of this pavement, laid 
om 1882 to 1886, is ‘still in service. No care was taken to dress the 
blocks; they “were only roughly ‘squared, and were laid with wide 
— On account of these defects, the pavement was very noisy, but — 

it was lasting Brick was” first laid about 1891. A brick pavement 
still in use, though badly ‘worn. The bricks were not “re ‘repressed,” 
The foundation consisted of a course of brick 


the law under which s such apse are made, taken : 

tke 

in connection with the ‘financial: condition of the city Under the 


oe Illinois law, payment is made on the basis of the benefit derived by 


adjoining property. In other words, whether or not a street has 
ever been paved, the adjoining property owners must. pay for the entire 
_ improvement, unless the County Court, which confirms 
ments for the improvement, assesses ‘a general benefit . against the city. 
ee: As the city | has: little money, and the bonding power is very narrowly 


limited, the e policy i is for the city to have the ordinance rescinded 


_ the e improvement abandoned if ‘ie assessment against it is more then 


it can pay, and 80 it works out that the adjoining property owners: pay 


for a at least 90% of all pavements: laid in Chicago. The city does not 

for intersections. The various street railway companies pave their 

right of way, a strip 16 ‘ft. wide for double track. The whole 


is unjust, is a hardship on property owners, and ‘should 
be changed. In an indirect way, it often injures property, as | streets. 


whi uld be repaved are allowed to remain for ears, because 
ot feel ill be benefited by the 


abutting property, owners is under = | of the Board 


| 
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h is to be paid for by direct as ; 
wery year, a considerable engineering force is required; but, as 
hape, rigid economy is neces: 4 
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the time. Hence, , under present system, the engineering: force i is 


totally inadequate | to do the work as it dell be done. As in other ae 

vublic corporations, there is much duplication of work in the different 

epartments of the Board of Local Improvements as now constituted. i 

Undoubtedly, if this | organization were to be remodeled, the: number 

men available in the Engineering Bureau would not have to be 

increased i in order to do the work i ina more satisfactory way, 


4 it is difficult to make changes int the 1 method of. doing public work. +k 


‘This s statement is given as a reason for the 1 methods which the engi- 


3 “neers _ have adopted in n order to do a great: deal of work with a very 
small force. These methods are far from ideal, but the writer thinks 

1 that they obtain the best results, under the unfavorable ‘circumstances. Sak ge 


an ordinarily busy year, some hundred streets and valleys 
4 are improved. . As it is not possible for the small force of engineers 


assigned to this work to ‘set stakes constantly for the curbing, grading, 

concreting, ete., much of this work ‘must be done by the inspectors, 


who are not engineers. Line and grade are marked on | permanent 

objects along the street, such as sidewalks, electric light | poles, ete, 

and from these the inspectors and foremen must work. Ordinarily, aie Sa 
some member of the eng engineering force visits each job ex every day, 


he car ce of ¥ 


e can — give ‘more than an hour of his time to each piece o work 
vunle 


has 
entire 
city. 
rowly 
d ome particular point requires his attention. 
> than r that the inspectors a foremen may follow the engin neer’ 
rs pay is furnished by t the division engineer with at 
es not called “profile.” “This is not a profile, i in the ordinary sense of the 
their word, bet is a plan of the work, with many explanatory, notes. These 
whole - notes show where the line i ist marked, the offset, the height of the grade 
should from the > top of the curb, the width of the roadway, the road- 
streets “ways of intersecting streets, the depth o of the ‘gutter below the curb 
ecause at summits. and inlets, the location of new atch-basins, ete. 
the inspectors 1 and foremen a are taught how to stake out the ordinary crown ea 


with Tees, after r the curb i is set. The curb, of course, i is | always pu put in 


to the men aoe 


the concrete foun adation, a and hence i 2 guide to 


ed. Tnlets summits are sometimes “reversed, crowns 


e too high or too flat, b but nothing | better 


pers. 
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by the and there is trouble when the engineer makes his examina- 
ary all can be expected until 


At an engineering 


force 2 of about twenty men, ., with ¢ a salary list of about $33 0 000, handles 
Ra 000: 000 worth of ‘work per year, scattered over the ¢ entire city. i Fig. 1 
is ‘the “Profile” of a street paved by t the writer in 1908. It will be 
noticed that this is | not a detailed, accurate plan, but is really a 


@ or Form of the vay; and 


width of roadway i isa question which causes the 
gr rief than almost any other. i Property owners seem to have a general 
desi: esire for a wide roadway. Many do not kno f or more probably do : 
a not ot think, that the wider the roadway the more i it will cost. st. Proper : 
owners, after receiving an assessment notice showing that the roadway. 


will be reduced from ‘the original: width, have protested strongly, seem 
to think. that they were being defrauded of part of their rights, 
but when it. was explained to them that their ‘assessment would be 
ig much larger if the roadway were were wider, they have been satisfied. a 
Chicago” has general ordinance for the width of roadways on 


streets of standard: width. This, gov verns only the intersections 
ne 


r 
n a street is to. be paved, 


g the improvement 


ill agree that, for the average 


- treet, these widths | are too great, : ly for very wide streets. 


Many residence streets have a width al 100 f between nes 
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Engineer. 


Line marked on south walk 13 ft. offset (from face ofeur) 
Intersecting Rays, Racine Rdy. 38 offset South 14.0’ Maple See Engines . 
shland 33 4 
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on such streets a 60- 60-ft ‘pavement the height o: of it is 


expensive | to lay and x maintain, and certainly cannot vie in attractive 
with, , say, a a roadway of 38 ft., a grass space of ft., and a 
walk ‘SP ace of 6 ft, leaving ft. between the walk : and the property 


This tendency to make very , wide roadways is more een in 


small ‘towns, which have not had many paved streets, in the 


larger cities, which have had 1 more experience. A. certain town, 


ae 000 inhabitants, proposed to pave its main street, with a 60-ft. road: 
way, and then it to a 66-ft. roadway. An assessment for 


a width n nearly y swamps the adjoining property owners. In another 


ety, of 25 000 "imbabitants, the main street has. a ‘paved ‘roadway. about 


80 ft. wide; it looks: like a deserted. street on the busiest day, and 


4 
“actually gives the stranger a a bad idea of the town. 
If a street is wholly residential, and say 66 ft. wide, which is 


a 80- ft. roadway is ample. This will a allow two teams 
— 


ae opposite each | other to be backed up to the ‘curb, a and give a good 


nee passageway between, if the ‘wagons are properly cranked. At street 
es intersections, 1 ‘there i is also ample room for vehicles of the fire ‘depart. 


to swing ‘around the corner.» i is a vital ‘point, and is prs 
times overlooked by engineers, who g go ‘to the other extreme and 
cate roadways which are too narrow. A long ladder-truck will 

| considerable trouble and delay in turning a corner on a narrow inter 
section, say 2 20 ft. There are generally electric light poles, 
which ‘may ‘eatch 1 the ends” of the ladders as they ‘swing around. 


‘This objection, of course, b be largely « overcome building a wide 
~ sweeping intersection, , but even that is not ‘the only consideration. A 
narrow sometimes assumes too much of the appearance 


or not beving « car 38 ft. iss 


width. py business streets in Chicago are of that 


width, and it is found to be ample. 


If a street has a double line of car tracks, roadway is 
necessary. The writer would then | suggest a a minimum width of 42 ft, 

oe but 48 ft. weal be better. The reasons for this are obvious when it is 
considered that the street-railway right of way is 16 ft. 
congested such as “The Loop,” ‘in Chicago, 


a case can be too 
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. . But t the sidewalk k space is also > congested, and must be taken 

into 0 consideration. ‘The > roadways i in “The Loop” are generally 48 ft. 

wide; part of State ‘St. is 60. ft. wide. These are too narrow, but 


4 are the sidewalks, and it is not ‘possible 1 to ‘make much change. 


Crown, oR Form, oF 


1 “easily, alli at the same time be as nearly flat as possible i in | order that 
it will not interfere with the freighting of heavy loads. For this 
pose it is natural to use the circle or some similar curve. Many quite _ 
elaborate: formulas: have | been suggested by various as a 
‘solution this problem. These generally take i nto consideration 
, an 4) 
width of the roadway, the gr grade of the street, and the. desirability 
> having the maximum fall near the gutter. What most of them do 
almost 
not take into is the fact that, i in a flat ‘territory Tike 
Chicago in ‘some parts of nearly every city), it is absolutely 
necessary to an grade i in the gutter. If the minimum 
depth below the top of the curb is 4i in., and ‘te is 10 in., it 
obvious ¢ that a surface curve which depends entirely on the width 
yen 6 the roadway for its form, and, at the same time, establishes the center bee a 
of the roadway at any fixed elevation, w will not do. In the Chicago 
ordinances the form of the roadway is generally the | are of a circle. 
Th construction work, however, it has. been found by experience that 
does not give the best ‘results, and the parabola is almost. always 
a wide ised. “The: formula is y= in which is the depth of the gutter 
on. A q below the grade of the center of the roadway, a is the half roadway, x is - 
ft. is 8 
of that 
‘there is no practical ‘difference 
way 18 . curves, It is also very simple to stake it out, and i is easily taught to 
’ pamen, which i is extremely important. The necessary stakes for ‘the 
en it 8 : crown are ‘generally set 2 at the « center and quarter points. on 
curve the quarter: points are always one-fourth of the total ‘drop. 


rnishes is very easily remembered, and the foremen are soon able to 
the stakes accurately with wooden | Tees. For wide 


i 
it is 
side- 
operty 
ved in 


ao 


In regard ¢ ‘to “this form, howeret, i 


“that is im “intended for “pavements having a ‘rigid. surface 


which ‘does not grind into’ dust. In other words, it does” ‘not apply 


to ordinary macadam, because it gives” es too flat a enter, forming 


| 


flat, or even a concave, surface which i is impossible to drain. 


r considers that the nearer the | section of a macadam road: 


orms to. straight lines, “dropping both wa T er, 
ter the surface is likely, to wear. 
e of the important points to decide i is how w high the crown should | 


drop than in. from the rails: to ‘the gutter. 


i) was at ‘a summit in the gutter. A This is bad practice, however, 
d he avoided when. possible. For ordinary pu purposes for smooth 

streets having a roadway of fron 8 tc 
> minimum, ‘and, for -macadam 


» 
vider streets, the drop must be greater. rye “3 


The late Andrew y Rosewater, M. Am. Boe. C. when City 


neer of f Omaha, uaed » for the height of the crown, ‘the following 


formula, has with a; great deal of 


in which | oe . ‘the width of the roadway, and P is the” = 


This i isa rule for park roads or or for any 
having a sti iff grade, when little crown is “but. it 
makes the crown too flat for level nearly level, streets, where drain 
age has to be secured by artificial grades, and where the streets are not 


onstantly, cleaned. 1. In In general, however it is very good. 
practically the same as s the 2% Tule mentioned below. 


of the best general rules known to the used by 
engineer. of the West Park of who makes 
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blished grades and street railway tracks, 
neeessitates a very lo = wate 
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at all where are street- railway tracks and the is nearly 


fat, as the tracks cannot follow the. changes « of the gutter trade, and 


control the crown grade. 
‘The third general point to be considered—the probably 


‘most important. The w hole life of practically” every 


depends I largely on this. All pavements in Chicago are designed 
take care of the drainage, and if is defectiv 
regard it will be a failure, even if it can stand ‘traffic, 


— 


the writer speaks of drainage, he does not mean entirely the sub- 


= 


surface drainage, ‘though that i is very important ant. Ina a large city, as as . 


general rule, there i is not much trouble with the sub- -drainage, ae 
the city is thoroughly sewered, and the opening of ellen and other fae 
excavations has drained the surface and lowered. the general ground 
a 
water level. Of course, n naturally sandy soil needs little. ‘drainage, 


“but a clay soil must be watched. > If it is normally ina wet condition, 


= provision for its drainage > should be made, such as as laying - 
pipe across the roadway ‘and connectin; g them to the sewer inlets. 2 
‘this paper, however, the writer, “will consider the: surface 


Tf the s surface of the town is rolling, and naturally drains 


there will be little ¢ difficulty in in keeping tl the pavements d: dry; but i if it. 
Gs 

is very flat, Chicago, drainage is an important problem. 
been intimated, drainage is effected by > whee may be called an artifi- 

grade i in n the gutters. is very. readily ‘secured if a combina- 


tion concrete ‘curb and gutter is built, in which case the gutters 
g built first directly to the desired ‘grade, and the pavement ca can then 


be built to follow it. a But when a curb only 3 is built, “great care “must : 
be taken to conform to ‘the grade desired, a as the curb itself will give 


would be it is is assumed 


“that they are 200 the grade i is level, the summit 
bei al | the center, and a run of 100 ft. t. would be made each way. toe 
the gu gutter is 4 in. below the top of the curb at the summit, and a drop 
in. in 100 ‘ft. is desired for t drainage, the inlet. would be 
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the top of Thid i is as deep as desirable; if made 
People likely y to stumble ‘over the curb, and the crown 
made so_ stiff on the ordinary street that it is difficult to ‘pull 


ae avily loaded wigon into the center of the street. It might be 


laimed that the drop of 6 in. in 100 0 ft. i is more than necessary, | but 


practicing ‘engineer who has had | d experience with ci city streets will 
i that it is not too much, It must be remembered that i in the 

= residence street, \ which is generally not cleaned oftener then 
once in two or three > weeks, but i is s flushed nearly every day, a } large part 

of the street sweepings : accumulates i in ‘the gutters, Added to this is the 

idewalk dirt, which i is swept into the gutter. In park roads cand 


9 ns streets which are swept and flushed ¢ every day, the r rate of fall may 
be re reduced, and good results will ‘be obtained with a | fall of 3 in. in. 
: 3 _ = ‘This will reduce the sewer inlets by one-half; but the street 


red a Another point to be n noted is the drainage of the intersections. 


Ordinarily, this is a source of great trouble, especially. the inter 


seeting st streets are ‘not at right angles. In this the result of the 


oe crown nters stions is a lenge flat ‘space. ‘The greatest care must then 
be taken in staking the aide for the concrete or other foundation i in 
eT 

order to make it conform as nearly as possible to the theoretical inter: 

sections of the 2» curves. Wh erever possible, it is the 1 writer’ 3 5 custom to 
raise the center of the intersection an inch or two higher than the 


established grade, i in n order to facilitate the drainage. An ideal inter 


‘section would have three inlets at each corner, placing | one back of 


each of. the property lines and one at the -eurb-line intersection, | and 
bringing the pavement cross-walks flush with ‘th sidewalks at “thee 


ne! It is ‘not very, often hat this arrangement can be Yollowed, 

inlet at ‘the ward « corner; ; but the result i in keeping a a dry intersection 


- here is one more general point which might be / mentioned, as it 

applies more or less to all pavements, and that i is the foundation under 


wearing surface. In late ye years, ‘the concrete foundation has | come 


> use a almost everywhere for streets having a a heavy traffic. Ie 


s 6 in., which, as a general tule, is ‘sufficient; for 


streets of very heavy | travel 8 in. is better. Ins streets. in which neces 
to be ade concrete is undoubtedly the 
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best foundation, but many residence streets and even streets 


having a heavy traffic are but seldom n disturbed. 


Under such conditions, the writer is convinced that a thoroughly _ 


rolled ‘stone base i is the equal i if ‘not the st superior of any conerete a 
It keeps its ine ¢ and grade just as , well as concrete, i if not better. 
the heavy roller, used in compacting ‘the stone, works 


‘ack and forth on this foundation for many hours, it will have every every 


‘opportunity to discover a any weakness in the subgrade. It m and be said 
the rolling of the subgrade should disclose this in any “case, but, 
is the addition to the subgrade rolling, the stone gets another 


tremendous to make a close, tight foundation, which 


may the concrete depends on its ent. course, 


n. In is inferior to no foundation, but, i in ordinary work is easier = = 
street to approach a perfect macadam foundation th than | a \ perfect. conerete one. 
The writer believes that any engineer who has experience in 
tions. ‘ ing either hand-mixed or machine-mixed concrete will agree with as 
yf the In of this general ‘theory (which the writer is aware is 
; then cose by many engineers), attention is called to the down- town 


i=] 


streets of Chicago. Practically all are | on rolled foundation such 
inter: as has been ‘described, and, although the surface is badly ‘worn, | and 


om to the problem is: complicated further by the poor construction of the 
n the tracks, these streets are serviceable; and these pavements have been 
inter service for from 15 to 25 years. The old, granite blocks: are rounded = 
ick of 4 and worn, and will be ‘replaced by a ‘more sanders: 4 surface soon; in- Es a 
1, and numerable openings have been made in ‘the streets, and ‘this ; 

unfavorable. location for such a foundation; but it is hard to believe 

lowes that concrete anywhere can show a better record. As an example | 
4 of modern “rolled streets, which show up very well , Harrison St, 


from ‘Western to Rockwell |, might be mentioned. . This is an asphalt — oa: re 


pavement on in. ‘macadam, and was la id i in n 1903. It i is in th 


best of condition, after 6 ‘years of heavy traffic. Desplaines St, from 


Madison to Van Buren, “granite blocks on 6 in. ‘of macadam, 
lid ni nine years ago, is a model surface to- -day, ‘though the 1 traffic - 
heavy. Wentworth “Ave, from to 63d “Sts, was 


vith. = on 6 in. of macadam, in 1897. Since then a conduit has 


been n constructed i in the street, and i in 1908 the car tracks were recon 


> after being in bad condition f 
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| 
is ensitinailite to- -day ‘and is good for 5 years” more. oT hese are only a 
few examples. The only modification which would seem to writer 
fees to be beneficial would be to put in an 8-in., instead of a 6- in., founds- 


In many places which concrete hes been used would. have 
een much cheaper to use a stone “or gravel ‘macadam. The “writer 


~-) 


— 


re inows of one small town i in | which the engineer provided a a concrete 
_ base : for a . brick ‘pavement, in spite of the fact that the street had been 
, -graveled for twenty years or more, and there was an abundance of ini 


se ae n many cases a concrete foundation i is a necessity, as, : for example, 


n streets of very heavy traffic, streets having a bad foundation, such 
as wet t clay, ete., » and ‘streets in which, undoubtedly, many openings 
“will be made from time to time. the concrete is generally from 
6 to 8 in, . thick, and i is ‘spread over a large s surface, and not deposited 
in bulk, as in walls, abutments, ete., it is 3 necessary to take more than 


rdinary care to obtain. good concrete. A small sand pocket may make 


4 meoey difference in a large mass of concrete, but in a} sheet like a pave: 


ment it may be the cause ofa large hole which will ruin the wearing 
and extend with great rapidity under traffic. ee. is a vital 
es ther efore, to have icastiniseiie at | the delivery point and at the 


be taken t to ‘see eo that i iti is s thoroughly done, that too m ‘water 
is not used in the mortar, ¢ causing the cement to be | washed away, on 


a ‘The machine-mixing of concrete is one of the serious problems in 
- street work. | With many types of mixers, it is necessary, for a large 
part. of ‘the time, to have ‘the mixer some distance from ‘the work, 
such as at the next street intersection, ete. 7 This means that ‘each batch 


as mixed must be transported to the work in | carts, wheel- barrows, ¢ ete. 


This is where the trouble comes in; the constituents of the -conerelt 
"separate; in bottom-dumping carts, much of the “slush” “or morta, 
: leaks out on the wars! the heavier me is shaken toward ‘the bottom; 


. This trouble is largely ‘eliminated by using a a mixer 

- placed close to the work and 1 delivering the concrete on a board from 

which it can be shoveled into place. There are many places, however, 


and sometimes in ‘to use such 8 
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such a 


machine ‘The wr writer ‘always prefer -mixing. 


‘ ~The proportions of the concrete are 1:3: 6, using | Portland cement, — 


or limestone screenings, and broken stone, gravel, or 
slag. be The sand i is standard torpedo. ‘If limestone screenings | are used, 
instead of sand, they must be clean, sharp, and free from dust 01 or large oi 


flat pieces. There is no apparent | difference | in concretes made with — 


sand or screenings. 


of the in foundations, 


poor mixing, ete., is the transverse cracks: which appear 
are especially bad for an asphaltic top, and cracks in this wearing 


4 surface are often. caused I by this fault and not: by lack of bitumen, bat hoe 


longitudinal joints or ceracks in t the: concret 

During the past two. ‘years, practically all 1 the in Chicago 
have been reconstructed. This involved slight changes in grade in 
many cases, and often, on an | asphalt street, the pavement was com- 
pletely. cut out half way back to to the gutter. In laying the new con- 8 

eg no particular effort was made to obtain a good | bond with the old, eae _ 

other than’ by brooming a little and spraying it with | water. It is 
e that in most cases there is no ) real bond between the o old and aM Cx. 


‘ew ‘concrete. After ‘the: concrete had set (generally in 4 or days) 


new top was laid. Some of this construction has now down 
bi 2 years, and no signs of or ilure neem soon, 


per no is made 0 diseuss pavements sof 


ones. It requires : a “good does : any the 
‘problems i in n connection with ‘it are | the quality of 1 the brick and 
Bes All block require a sand cushion ox or 
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batch -Tecent paper by A. H. Blanchard, M. Am. Soc. C. E.* Strictly speak- 
ing, macadam is not suitable for a city pavement, but only for parks 
— 
— 
mixer 
| from — 
ywevel, 


regard to the foundation, substitutes, cheaper than a 


-macadam or ‘concrete base, have been used, but not with any great 
= ‘success. Te: some small towns having a sandy subgrade. the bricks “a, 


into ruts under any of traffic. base course 


laid directly on the sand after rolling the subgrade, but the _ 


wm 


4 
and “abrasion tests. ‘these. might properly, be added a test Be 
of the uniformity of shape. It happens: frequently that bricks w which 
ee! are otherwise good have been warped so o much by. the firing that they a 
——— be rejected on account of their shape. Ifa a uniformity test were 
f 
[= and the provision were made that not more than a certain [% a 
the 


of bricks should depart the ‘required shape, the 


&@ § 


more than 5% of the bricks shall a 
than + in. from the standard block furnished by the manufacturer. 
A greater percentage than this shall be cause for the rejection of the 

entire lot from which the samples tested were taken.” 


is not possible tos give exact sizes for paving those of 
manufacturers vary slightly, but ‘it can be ‘specified that 

they: shall not be smaller than a certain size, say by 4 by 8 in, 
larger than 34 by 4 by 10 i in., and this is generally done. 
The water absorption test is very important, ‘it m measures the 
porosity of ‘the brick. If the weight of w rater absorbed is more than 
very percentage of of the brick, the latter is almost 


wie 


tec 


= 


sure go to ‘Pieces ‘we. or three years” under ‘the freezing and 


thawing ‘action of winter. The Chicago specifications: limit" 


quantity of water absorbed in 72 hours ‘to 3% of the weight of t the 


ee brick, and some of the engineers desire to reduce this 1 to 2 per cent 


i ‘This would probably be done if it were not. for the fact that so many 


a oe bricks are rejected under the 3% clause; for it is thought that at e 


2% “rate no brick | at all: ‘could be 


specific gravity required is generally about 2. “The various 
ue. manufacturers have no trouble in meeting this specification, and it 


er has been found dhe experience that this ¢ gives a _— heavy b brick. 


PES 


— Pa 
4 
— 
— 
— 
— 
— 

= 
— 
x 

4 
— 

8 

bo: 
— 
— 


PAVING “PRACTICE ot CHICAGO 
tt is also very important. be dense 


ut so brittle that it will stand pounding. this test 


“the: rattler is used. It consists 0 steel calinder, about 28 in. in 
diameter and 20 in, long. The eel sta aves 


Line 


‘Paide the nite a number of pieces of loose heav¥ castings are plac 
is for ax an hour; “brie 


is most controversy is probably the filler. Three fillers are in general» 
use : sand, bitumen, a and cement grout. Sand i is ‘the oldest. and ean 
“form, but is. now used to a great extent. The objections to it are 


that it does” ‘not make the joints” -water- Aight, and that: flushing 
forces the sand out the joints and loosens the brick. 

‘The t popular material is. either | a cement ‘grout or. a bitumi- 


ller h as | l-tar, aie or asphalt. The writer believes that, 


La 


oncern ed, there is lit little to. choose between tar, 


el grout fillers. favor of ‘the cement grout, it is 


t makes ‘the pavement approach a monolithic whole, pro- 


tects the edges of the bricks, and is soit easily cleaned and kept cl clean, 
4 Its chief f objections are that it increases the noisiness of the’ pavement, 
j= that . after grouting, the pavement must be “undisturbed for several oa 


days in order to set thoroughly. — 


‘nearly impossible to comply with this last requirement, and a corps 
ofp police would be needed to keep the traffic off the ‘apparently finished — 
reet. For this reason alone, { the authorities in 1 Chicago have city 


grout, now use a a bituminous filler exclusively. 


rally tomate in n the Proportions of 4 part ¢ of cement = 
sthat 


= 
it must be care fully mixed in a suitable box, and that | every econ 


— 
‘ust be taken to prever sepa aration of the sand cement. 
rom his e is : 


‘much trouble that one of ‘the was finally 1 perm 


a try his own scheme. He made a a thorough | mixture of the rs 


4 and cement and swept it into the —_ thus filling them abi 
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AVING PE ACTICE IN 


formed it in the joints. Plenty w used, ¢ taken that 
was s not forced into the ixture 


to top. spray y of w was ‘then and the | grout 


or a second ¢ 


was thoroughly 1 


over ‘the pavement and in into the joints. The 


_ During ‘the past two years, ‘there has 
openings ‘made i ‘in pavements grouted 
in th this way, and there is yet to be found a bad joint. In one > particular 
ease, where the adjoining street was afterward paved with asph: alt, and 
a the brick pavement at its intersection was exposed and , for. about half” 
width of the brick, undermined, the grout it up in 
f the fact that ‘the material wagons were constantly driving 


advantages of a bituminous filler are make 
the pavement noisy, 


and also makes repair easier than when 


is used, for it is very difficult to make openings in the if 

filler is either a ap itch, which is” ‘the result « of the 


compoun The name 


mpound 
ich the ater a ighter oils” 
ing hard at ordinary temper 


being Dard at ordinar 
is carried too far, parts of ‘the: heavy oil oe 
also driven off, and the result is a hard, densa 5 product,» 
J very easil ly, and i is 1 not suitable for the purpose. 

‘The pitch | filler either poured on the buckets 
oe squeegeed ‘into the joints, or else poured directly into the joints. 


a special bucket. The latter method : is a little more expensive, 
ut is the better, as the pitch on top of the brick. is a nuisance. 


which cracks 


: The asphaltic filler is probably better than the pitch filler, as i 


oes not crack muc th or 


n cold wea er, nor does it Tose its ‘oils as 
yas the tar products. In o other words, a ‘filler having a an asphaltic 


is more stable than one af . coal- tar base; but, as s a general 
a grout fill hould be made for expan 


Generally speaking, 


«ant 
= 
— 
————- jj. directly on the pavement, and then the hose was turned on it. By § the 
vsing squeegees and t 
— whole was then spread Ass 
iss 
yeai 
twi¢ 
be 
cour 
blow 
simply means coal-tar from wl diffe 
riven off by distillation, the | joint 
— 
4 
worn 
— «CS 
Its 
— 
a we 
— block 
The 
— pee 
an expansion joint in. along Te 


‘are 
eracks 


yuckets 

joints 


ensive, 


Secretary Blair, the National Paving” Brick Ma anufacturers 
Association, recommends the total elimination of the transverse 


I 


= tracks, it is advisable to lay the bricks for : about three ¢ courses B= 


4 is sufficient, , but the writer is not prepared t to agree with his reasoning. — es. 
8 


> 


te! 


and 4 in longitudinally every 50 ft., will be ample. _ Tf there are  street- 


longitudinally with the st street, , and use a a bituminous tee, not on 


‘the cars, which ‘tends to break the bond of the ‘grout. 


pansion: joint in brick ‘paving, maintaining tha that the longitudinal joint 


al 


3 Each of the various companies promoting tar, asphalt, and cement bee 

grout fillers insists that its product i is the best. During the ‘past three 

years the w iter has made openings in many brick pavements in which — 


a pitch filler had been 1 used, and has nearly always found the joints — 


well fi filled, even when. the pavement was many years old. The same — Fey 


could no doubt be said of the asphaltic ‘filler, but it costs more than 


“twice as much as as the: Pitch, it has n not been proved that it will 


“really” give any better service, though from its” “nature it should 


Although cement ‘grout at first makes a in 
course of three or four years the grout in the joints is broken by the ee 


blows countless horse-shoes, and after ‘that t there is practically 


difference between its appearance and ‘that of a tar- filled street. The ‘he 


on La Salle Randolph to ‘Madison ‘Sts. This pavement 


has been in service for 14 | years, and it. ao ; 


worn out, The “traffic ¢ on set and innumerable 
residence ‘streets and | the wear of the e edges on. heavy traffic ‘streets. 
Tis advantages are that it is easily cleaned, is not affected by the 
“weather, an and, under proper co -onditions, has a very long life. 

Block —The next grade o of pavement, , considered purely from 
is is the stone block. It ‘made with 


a wearing stand int, 


blocks, ge nerally about 5 oir 
The block ‘should b 


te 
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ne 
a8 — 
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ale 
les Eee: 
The 
has 
te 
ited 
‘ar — 
and 
half J 
— 
er 
pitch 
— 
r, as — 
oils as 
sphaltt — 
— 
gene 
of medium grain, which will 
r expal not wear smooth and round. Sandstone of 


a sandstone, rhyolite, ete, are used. 


kinds of artificial blocks, such as iron slag, have also be 
trie ed, but, in this part of. the world, at least, have not met with 


Much block pavements are now laid ‘then formerly. 
is due largely, if ‘not entirely, to more ‘careful dressing, 


makes a smoother and ‘more e regular block; and more. care 


“edges were very. investigation was 
“mad as to whether or not the blocks became slippery under tratiic, 
"Blocks which in the past have worn, badly will not now be accepted, 

Samples of ‘the: so-called granite Block to. be used are required by the 
a authorities when a bid i is | made, ‘and the location of t the quarry from 


“Although -ealled. ‘granite blocks, it is not insisted that they ‘shall 


a true | granite; but they must be what is commercially known asa 
e, and must show | ‘a record of efficient service. The result has 
en, that the stone e block pavements laid during the past 5 or 6 years, 18, | 
d, being nearly as smooth brick, and of course much 


Examples of granite paving which writer ‘considers 


n n many prin streets, no in 


The Loop” district for many years, as it has come to be recognizel 


that it is too noisy for an office, retail, and shopping district, ani 


roperty are willing to pay the renewal quieter 


sandstone in the proper many points in 


avor, but, Tike everything else, it. shows, up badly when | in the wrong 


e. It is ‘not suitable for streets of exceedingly heavy traffic, such 
“The Loop” district. It does not get as smooth or rounded as ‘the 


granite, but it wears rapidly, and in holes. If it wore 
it would be ‘ideal, as f. ri e is concerned, but under 


Chicago's « enormous ‘trafic it it fails. of its use may be 


iN vest of La Salle ‘St. Kettle ‘River 

years. 
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“secondary busines street, such as as the principal street of 


lying the business is ‘principally whole- 


would probably have given good satisfaction for many years. 


Even under its presen as not worn smooth, and ie 


ay Considering quartzite as a sandstone, though it is generally « called 
the record. is much better. it has high crushing test, nearly 


quarries has ‘heen: i in Chicago, ut sly half have been 
ra 


soft, or 


we wear all others, , but. it is very noisy indeed, and is 


- wholesale and factory district , where the traffic is of the heaviest 
truck character, ax noise i a secondary consideration It is 


stather unsanitary, , and is expensive to. keep clean. 


‘The filler is usually of mixed gravel and tar. Grout has" been 
with: ‘success, as far as the pavement itself is ‘concerned, but has a 
"abandoned ‘on account of traffic conditions, ‘it being practically im 
possible to ‘keep the roadway blocked for a eek in “order to let the 


wearing surfaces of 
ith preser d wood blocks, gen rally 
block pavement. advantages are that 


“smooth, ‘noiseles sanitary, About its 
isadvantage is that it is slippery. It has been: used for many years” 
abroad, and has given good satisfaction. — In America it has 3s to ov 
come the bad name given to wood block pavements by the | old un- 


treated cedar block pavements, generally laid on plank alone \ 


any other foundation, with results which can easily be imagined The 
‘modern 1 wood pavement is s entirely different, ‘the blocks s being rectangu- 
instead of cylindrical, and always laid o on a good foundation. 
The « cy cle” of operations by which’ the block prepared 
follows: 27 ‘The seasoned or partly ‘seasoned timb ut in 


> from | 5 to 10 i . These are pla ih a vacuum chambe 


| iii 
taken 
+ th 
trattic, 
trattic. — 
by the — 
ult has 
) years, 
2 much 
msiders 
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te St; 
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to the chamber, and forced by pressure into the wood. It is desirable 


ill probably rot out before ‘wear aring out. 


The C Chicago specifications first required that 1h of oi ail ihe Sunil 


oe through, especially if ‘they 6 are to be laid on a st street of moderate trafiie 


a. each cubic foot of timber ; later, this w was s changed to 16 Db., ost it 
was found that | 12 Tb. did ‘not fill the fibers. Experience has shown, 

however, thet southern Jong- leaf yellow pine requires | from 18 to Ih 


whether or not ‘the w wood i is by the p Pressure ne necessary. to inject 


; e ‘the oil. it takes | 6 hours for a charge, and a pressure ure of about 170 Ib. 


is seaabaliaal to force the oil into the wood. _ About the same pressure is 


mane: required for a 16 or 20-Ib . treatm ent, the latter simply taking a longer 


2 time. Tf a lighter pressure were used, sa say 100 Ib., the time required 
for the ‘oil to impregnate long-lea eaf y ellow thoroughly would 


au  eaealblly be from 16 | to 20 hou urs. It might be noted here that Michign 


Ave., south of Van Buren St., was laid with | blocks having a 


some 10 years ago, and is in perfect condition to- day. ‘This 


street has a heavy boulevard trafic. Only very few openings have 


aes It has. been generally specified that southern wie leaf yellow pine 


a alone shall be used. It is quite possible, however, that this is 8 mis- 
a A take, and that many other varieties. of f pine, such as tamarack, Norwsy 

ete., which ar are cheaper, could be used, and with excellent results 

aa i ‘At is probably a a little more difficult to season | them properly, | but it is 
claimed by the tamarack promoters: that it can be just as well done, 
= that there are fewer large knots, and that ‘there is less likelihood of 


around the circumferences of the rings. of the timber. In the 


new s pecifications, several kinds of timber, such as tamarack, Norm 
pine, gum, etc., are specified. 


On ne of the trouble: with blocks having @ cross- of 4 by 


Sometimes difficult to Wala’: is the proper way to lay 
obvious that they should be laid ‘on edge, for, when laid with the 
grain or flat, they very soon wear. In Chicago streets, therefore 


“spite of r rigid inspection, some of the blocks have been ‘placed | on thei 
The way to remedy this is to use a block having differs 
width and such a as 33 by 4 in, : 


that the blocks" shall be. evenly impregnated | with the preservative all 
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It state od that i in New York City” blocks 3h in. . deep ar 


ty In Chicago their depth is 4 in, In contrast with these figures, en 


: t the praetice abroad is to use blocks have a depth of from sie 5 to 7 in, 


New Y York < City, has been criticized severely by various engineers for a Fs 
riou tor 


such shallow blocks. a recent report* made to the City of 


New Y ork » upon paving a a road, it is nana that | in Paris the blocks, oS 
Tbe are then In spite of this, ‘their “average life is only 9 
years. ‘Chicago pavements do better, for there are ereosoted 
inject pavements which are 10 years old, and, as far as can be seen, 
170 Ib. 3 ood for 10 years more ‘The probable 1 reason for the short life in Paris > pe 


is: stated to be the excessive > amount of sprinkling. 


sure is 

longer It is probable that another r reason is the ‘superficial treatment 
wal - “a the wood r receives. ves. According to American ideas, the > blocks are hardly — 


would treated at ‘simply being ¢ given a hot bath i in the pr preserving: oil. It 


ichigan 5 would seem that French engineers now recognize | that this was a mis- 

a 10- Ib. ® take, for, in a paper « entitled ‘ ‘The Fut iture of Exotic Wood as as Applied 

This to Pavements,’ presented to the First I ‘Road Congress 

os have by M. Louis Mazerolle, Engineer of Bri idges and Roads, of Paris, and 

— 4 translated for the City of New York, it is noted with necoaieledll 

ow pin wood blocks, creosoted under oe still i 

3 a mis aservice of 15 3 

Norwy After reading of various “French American 

result gincer will certainly come to the conclusion that American construc: 


but iti tion i is decidedly - better, that the French maintenance is very much 


ct. 


‘ihood of point is the fact ‘that the larger the them more 
Inthe  difficul t it is to. impregnate them | completely. Therefore, when 


are sawed off, a a large part of the resulting will certainly, be of 
‘nearly untreated w wood d. if the ck is turned | over, it will 
by 4 i. ‘Probab ly begin to rot a a very shor t time. This course of treatment, Rie: 
therefore, will. babl long the life | 0 
nm. Iti 3 years, and the process will have 
with the account the increased cost of the | bloc the necessar 
refore, in ment they must receive to impregnate , them, the fact t 
_ may injure the fibers of the timber, while i f a low pressure is =a 


ime required to impregnate the timber will be prohibitively in- 


inale 
‘irable , 
ve all 
trafic 
— 
F 
— 

| 

‘ey: 
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of is quite probable ‘that. practice 
is is better. ‘It might be n mentioned that, i in the same ‘report, New York: 
was also criticized, by implication, for the lack of depth of its | granite 


Ww 
blo cks. This i is not good prounning. It is not ot probable that a granite 


nent ever foiled because of the shallowness « of its blocks. Granite 


‘wears ou of the rounded edges, becoming slippery, ete., thus 


maki ing a bad footing. o deep : stone will certainly not make a better 


pavement what is required is ab dressed block and ‘more care 


Returning to blocks: It has ‘been the « custom in Chicago to 


as posible. "Ther ‘trouble until | de past year, 

when the tightness was carried to an. extreme, ledges used to 
the joints as close as possible. ‘During ‘the winter of 1908- 09 


the pavement heaved. In Spite of this, it is probable that no trouble: 2 
_ would have occurred had the timber been of the ] > proper kind. The he aving 
undoubtedly caused by water absorption and then 4 


In one case tar was used as a filler, and in the o 
ments made by the Kettle River Quar 
d ted that, with the treatm ment specified 


ately no absorption, the 


water. ‘There is much | 


As 
as sand or 
feces: fee is needed with a tar filler, and considering 


case where failure occurred, wo ood was 


supplied by a company other than that which had previously furnished 


the ‘conclusion is inevitable that the fault» ‘was in the treatment or 


the timber. Though the work was not done under the writer’s super 


ae vision, he ‘wa the « opinion that the kt enn in the timber, in that 


was of too. Tap id a growth, having large cells, ete., Which could. not 
Undoubtedly, also, in one case at least, the blocks were 


"possible with, bars, should be pounded ‘refusal. 


* Discussion’ by Walter Buehler. Assoc. M. Am. Soc. C. at the 


oh 
| & 
— 
— 
— q 
— 

— #8 7 
j 
— 
a 
— 4 
t 

Company* have i 
—— 
block is left for weeks in | 
= pansion im wood. Trautwine states that ] 
— 
§ 
— 3 
— a 
2 
a 
q 
— 
i) 
— 
a 


keli- Chicago, the Kreodone-Cr Creosote oil, produced by the Republic 
etice “Creosoting Company, has always” been the standard, and the results 
York have be been satisfactory. In ‘a paper presented before the Illinois Society 
nite of E ngineers in 1908, ‘Mr: John B. Hittell, Chief Engineer of ea 
shows that a lar. e pe (about 9%) of 1 the oil of a a half 


larg 
unite block volatilized in the first t three e days it was exposed in the even 


thus temperature of closed room. more than this lost the 
street is is almost certain, the action is very evident: from the appear 
care of the Sedu piled on ‘the street and ng to 
strong sunlight they very soon begin to check badly i in all directions, 
70 to and | the action continues u until ‘they are laid in the pavement, filled, and Sap 
much _covered with sand. After: they are in service, there i is little apparent 
ed to was early that to use as a standard the ‘treatment 
(08-09 advocated by yy any one company was anything but scientific, but at that 
ouble- 7 time the city had x no adequate | laboratories in which to ty y out and 
it alyze the different p processes. Since the installation of an asphalt 


~ labor oratory in a, how ever, it is in better shape, and the specifications — 


a matter insoluble in benzine. Oil obtained « or 
dering water- gas tar, or oil tar, | will not 
d specific gravity of the « oil shall be at 1 1 at 25° cent. 


nished Tn the matter of 1 volatilization « of the oil, which, as has been 


before, was found to be a “serious the provisions 


Hee 


have been made: 


Up to 150° ‘cent. Nothing coms off. 


Must 1 not more ‘than 5 


as 


the writer’ opinion it will be exceedingly difficult, if 
imposible, to enforee rigidly these percentages, but, undoubtedly, 
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ks in belief that, for the reasons previously Stated, this 18 unnecessarily ae 

s that large. The oil must be a pure, coal-tar product, free from any — st a 
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> 
“Another: "very important point, which mentioned before, is 
the large 8 size of the cells and d hence of the annular 1 rings 8 of the timber; ; 


is s also ‘noted in the specifications, and the provision is ‘inserted 


4 


that, in Tong-leaf yellow y pine, the number of annual | rings s shall be not 


than ‘seven inch, ‘measured radially from the center. This. 


‘provision. will par o1 out first- ‘growth ti timber er which has had rapid a 
growth, an and in n' which the « ‘cells are s¢ so beast that it is difficult to seal 7 
them. As _previou sly mentioned, of the ap parent t failures was 


i probably due to the freezing and thawing i in the ce lls of the timber. 


One of the troubles with creosoted block ‘pavements has been ¢ caused 
“by: the t brow on streets having « car tracks. ‘Such s streets, , ordinarily, have 


‘more Aen the average amount of traffic, as they ‘ee generally the busi- 


ness streets. The Chicago : specifications provide that the blocks shall - 
me be placed on a sand cushion of 1 in., but even if the » greatest care is” 


taken w with ‘the. conerete, it ‘is not possible to get an absolutely ‘uniform 
y from 4 to 1k in. As the blocks 
ust be rolled after they a are laid, the sand bed must be graded : so 20 that 
n first laid the blocks w vill project ‘somewhat above the car tracks. 
Whe the ‘atest is ‘rolled the blocks are forced down, and 
n still farther. 3 In the course of time, a 


set high 


enough, or ‘the, sand. ‘cushion is a 


ey are considerably. below ‘the 


the vail making an n ugly bump, in the street, and a "depression 
Pig. 2 shows this 


gig the other hand, if ‘the blocks are set : so high that they never 
‘pound down ti to the top « of the e rail, ‘the pavement along the brow will 

aay ats in a few years from n brooming along the e edge, thus tending to tip. 
2 at the rear end of the block. Fig. 3 shows. this condition. Both 
and B are too. high, the block i is ground. and distorted at ond the 


accumulation of water at tends to. destroy the ‘pavement. a 


must be hight 


are 43 in deep, 


be 4 
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cases can be avoided only by the gr If the 
and 1 in. of deep will compact to 1 
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he block will then be in, above ‘the ra 


tamping will reduce t this to Ri in. an ‘the: 


longer 1 time, w will pound the brow down to the 1. 


Its We be a custom in Chicago and to require that 


degrees. The is an enormous amount of waste, because every 
course must be ended. finished by a skew “block, and the 
Blocks must be eut at at angle to make this skew. Thes 
on account of ‘their sharp, triangular ends, are also particularly 


to wear, and must be a a Its seems : 


the writer ‘to be ‘height 


similar angle. It is 


of the sal In paving are compar 
tively wide, th 


obably saves a good deal of wear 01 on 

ges lay ‘the su ich an angle, but a wood 


line ¢ of the stree 
mh 


is “undoubtedly the in 
‘the larger cities: of the country to- -day. Approximately 50% of —— 
the pavements now w being laid in Chicago are ‘asphalt. The reasons, 
of co course, are its noiselessness, cleanliness, ease of repair, good looks, he 


and ‘comparative cheapness. Tt costs less than brick, only 60% as much 
as creosoted block, and about 50% m more than standard macadam. 
is, most technically difficult to 


other. It] has b 


1 
da 
seal 
was 
is 
lave 
lave 
usi- 
usi- 
the — 
igher 


a 


demonstrates that t the -earbenes (which is term a applied to “those 


been ‘many failures. The to the 
7 understanding t that it needs the best of supervision and inspection, and, — 


under ‘such conditions it has become ‘nearly the ideal paving 1 material. 


Formerly it was the custom to accept th the guaranty as being all that 


was necessary to get good results The | city engineer: had very little 
of the material, beyond that imparted by the companies: 


4 doing the work. k. Tt is different now; Chicag 0, like other cities, has 
established a an asphalt laboratory, and samples from each are 


modern asphalt ‘Pavement is composed the - foundation 


binder. course, consisting small er crushed stone, , of 1 in. ‘in 


and less, mixed with asphaltic. cement, i ‘intended to give body to th the 
top; and the top or wearing surface, consisting of asphaltic cement 


a and a filler of fine sand and Portland cement. oes lt 


‘The : specifications w were fc formerly very general indeed, no 
mpt made to regulate the 7 


ae of bitumen w was specified, nor was any y attempt a 
ing the refined asphalt, the flux (or oil to be mixed 


ner r of prepari ‘ 
th ou refined asphalt, to render it a workal or the 
ecified ‘that crude 


cerned 


atural not t he heated toa a temp 


soluble in 1 cold carbon tetrachloride, 


just why this provision was inserted, as. 


to by some ar the native asphalt companies. _ Suffice it to say ‘that he 


- asphalt bitumens \ which are more soluble in carbon bisulphide ian in re 
carbon tetrachloride) are an evidence of lack of care i n the he prepara: 


tion of asphalt ‘the native oils, that re reason the: 
Formerly the use ot or California aspha Its for the wearing 

surface was not permitted, but of late y: years it has been demonstrated 

that if these heavy oils, an asphaltic base are prepared properly, 
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600° F ahr., giving a residue harder than ine at 
ahr, by the 


«shall not than 5% by ‘weight, nor sh 

Th fi al ified, ‘as carefully” 


mined for penetration, a und for water, coke, and other impu 
‘The whole idee 4 is to prepare an asphaltic cement which will not become 
too soft in summer or 1 too brittle i in winter, Equal ¢ care is taken with 


none | shall 200- ‘mesh sieve, call: shall pass a 1 


bul of it shall pass a a 40-mesh : sieve, , while a smaller p part ‘shall p pass an as 


material, as 


old open binder. the tight ‘mixtures the 


about in. of this 


a a tendency tor rise through the wearing a weak 
place in the pay ement, and this invariably wore into a hole. ® Th 
tight binder mixture prevents this, as the asphaltic cement is ee 
tributed more uniformly through it. It also has an advantage which 


OF must be ‘delivered in wagons over it. ‘The old 


pen binder xr very 0 often broke 1 up 1p under such traffic, and a became no 


‘etter th han the old « ‘eushion coat used 20 ye: years ago. It is too soon as 


yet to see the improvement in the w wear of the pavement, as 
- ted and ‘thinks he is safe i in saying that 


according experience in 1 Chicago, 
having the sucl 


district, as the ts laid thus far “have shown a 


distilled at a temperature of not more than — 
— 
me together with a test to show that most — 
— 
as 
— 
Ba 
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or er also. 1s Now 
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st was of nearly unifo 
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ng 
Ty, 
4 itable fora 


on 


the character of the t traflic, ¢ every effort was: get a Perfect 


x PAVING 
As an of this six blocks a 
State. St, from | Randolph to J Blvd. x may be cited. This 


stretch was laid | by one of the most companies” in the busi- 


emplo ys a chemist constantly to look after mixtures, 
of the was 


| “ 


Ww 

-year guaranty. On both stretches the guaranty y will expire ithin a 


year. This s street has an e enormously heavy trafli, being in in the heart 


un onder -year guaranty, a1 and part u under nder 


“of the i city’s retail il shopping district. A repair gang i is kept busy 


"patching al almost ‘constantly and d the st surface i is quite wavy. On account: 


Pre 
repair, the: surface cannot success on ‘such 


in on enthusiasm for a nice, smooth 


or asphalt pavements on streets where the 


A is 80 light as to almost nothing. Here, 2 again, the result has 
been bad. of traffic, apparently, is nearly as fatal as too muck 


The surface | -eracks, shrinks, and dries up, and in three | or four 


mass ¢ of ‘unsightly these extremes” the results: 
have been best. Many examples of of this may be shown: : La Sa Salle Ave, 
Chicago to” Clark ‘St, t., W which 15 years old, has a 


heavy ‘traffic, and, , although i it is rather badly worn 1 now, , 80% of it its 
surface is is in 1 good condition. Dearborn Ave., between the same limits, 


this 
4 


more than 25 y “years old, and ca can hardly distinguished from the 


e amount of work to. be done in such a town is not enough to et 
the contractor to keep ‘ ‘permanent plant there, and therefore he will 4 


make 1 but once. a > a year, if possible, and bad in the 


n ‘proper supervision are 


. For or some of them n too ‘short a time has expire 


but x has | shown signs: of failure as yet. 
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and in d to be sur 
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hile st may b be seen in Chicago where asphalt has” been in 
_ service for 20 years or mor e, it is probable that, after about 10 years, ¥@ 4 
“there is practically no “dife” left in the wearing surface. Practically 
all ‘the oils, both light an nd hea avy, have been volatilized by that time, 
sample of the top may be disintegrated between the 
an producing ‘nothing but clean. sand, and leaving absolutely no ‘stain on 
“ay - the fingers. The blackness may be seen in small grains, and is — 
‘coke” of the old asphaltic cement. a The writer has made this 
"experiment many times with the same result. streets with light 
re tra c, the pavement will probably be good for some years. after that, 
but o on with heavy traffic the surface goes to pieces rapidly 
this: stage is reached, and even constant. patching will not keep it in 
4 good condition. An example of this may be seen in No: rth Clark St., 


h between Kinzie Division Sts. was paved in 1897, has a very 


he heavy y traffic, and has been repaired every year, for the past few years. 


the fall of 1908, it was thoroughly repaired, but at. resent (April, 
Oh 


ch. 909) it is again in bad shape, n new holes’ constantly appearing. 
hic pavement, nearly allied to asphalt, has become ‘popular 


of late recommend It is patented, and 


for chat reason cannot be aid in Tlinois special assessment. 

Chicago, however, it can be and is laid by the park: boards, which ia a 


“graded ‘aggregate 


work under the same law. Tt has been very successful. It con- 


of ‘crushed ‘stone, The mixing grading of. ‘the stone are done 


‘special patented ‘machinery, and, , when ‘the mixture is delivered | 0 


the street, it is spread and rolled like ordinary asphalt On the sur- oo 


is ‘spread flush coat of bitumen, and chips are then spread over 

t is flush coat and ‘rolled i in. The result i a fine, even surface, not as 


‘smooth as as asphalt, but in ‘other respects 


account 
fact that the « city cannot legally lay ‘such : a patented pavement, none 


| been laid under: the writer’ ‘supervision, but from observations: of 


‘pavements put « ry wes by the park boards, his opinion of it is very high. ae 
streteh of mile, on Sheridan” Road Irv ving g Park Blvd 


which he has had under observation, 
and si rect has ax an 
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one. 
will | 
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ave: | — 
ly heavy 
ntly 
e of 18 in excellent condition, and_has not cracked, or become slippery. — 

> cost. of the b at is slightly greater than that of = 


is no ‘reason 1 why ‘its life. ‘should ene, 


Another adaptation o of this same principle—which may or may 


be an infringement of bitulithic ‘patent— -is the -callled ‘Mineral 


“consists practically of run- -of- crusher Stone, in. and "less, 
with h asphalt. No particular attempt is made to grade the stone, and 


the ordinary brands of asphalt may be used. A flush coat of asphalt 


¥ 


mixed with portable mixing machines: and on the | street in 


CE 


and not Slippers, but 


and he sees no good reason ‘an. exception in 


Miscellaneous Pavements. —Various kinds pavements 


These consist essentially * 


second course of richer “id 
is then finished with flus sh coat rich ‘mortar, W which 
moothed off and grooved into rectangles: of | abou t 5. by 10 in. The 


atest. care, must be taken to get ansion. system m of 
in the vicinity of the Sears, Roebue 
West Side of Chicago, only 3 years old, i is 


longitudinally and transversely, on “account 0 ansion. | 

action nearly the s exten 

the center of every street , and the pavement is in bad shape. i Plate 

comment is neces-  §f 

near the Lake Shore, © 


provided, shows no signs of failure. 


These pavements are very desirable in many) 


and easily repaired. They have been used in alleys. 


‘The ‘surface has not worn too well, in some places, under heavy y traf. 


One alley i in rear of the Lexington another at St. 


dae 


——_ 
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GREEN ON 
CHICAGO PAVEMENTS. 


Cc 


by 


tio 
im 


| 
— 


. 
PAVING ‘PRACTICE CHICAGO 


and V Wabash Ave. have® shown decided ‘signs of failure, he 
being ng battered down > and the surface disintegrating, | although they 

have been finished for less than 1 ‘year. ‘They were laid i in ‘two 
a bottom ‘course, probably of 1: :3: : 6 concrete, a and a top course of rich | 
= mortar, proba ably 1: 3. ‘These are extreme exam ples, and | 

- should not be con ndemned on these alone. — They 


strict supervision, being done by what is called pr iva 


ented pavements, | 


the pavements e too limited 


ae — 
TABLE NT ‘OF Vantous Kips Law 


Yar 


price 

per | Miles. 
yard. 


++ 


*Allstreets, 


+One job, blocks on old macadam. 
+All alleys. 


: 
“Table 1 shows ‘he various dutme of pavements laid eac 


special assessmént, and the average Prices ‘per square yard. A 


a by far the most ‘popular i in the city ones In the o 


tricte, macadam i is naturally the most popular, on account of its low 


first cost. 


The | prices i include such ‘grading is necessary to prepare 

d, but, do not include any 


the si subgrade, 
large amount grading. in any case. The price per square ‘yar 


includes the. pavement, complete, that i is, foundation and the 


surface, but not the curbs, sewer "adjustments, ete. 


are under a 5-y guare anty except macadam, which 


| 
4 Paper's. 67 
: 
‘ 
eu 
— 
sbeen tried f ti 
‘om Miles. | per | Miles.| ‘per | Miles.| per | Miles. | 
square | | square | square | square 
49 | $2.46 | | $8.65 0.08 $3.25 | 3.5 | $4.38 | 20 | $138 
1905, 1,985 | 6.6 0.20 | 2.65) 4.0 | 8.60 | 
| 1.88 | 5.1 | 2.38 | 0.75 | 3.8 | 3.9 | 9.50 | 45 | 1150 
1907,.| 57 | 8.85 0.90 | 8.78 | 5.5 | 38.98 18.9 
38 | | 10.6 | 47 | | 65 | 4.06 | 16.7 | 1.25 — 
rf 
sphalt 
iz 

wear 
Pavements 
— "under a 2-year 
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brick 


an average 


UANTITIES OF 
PRESENT 


1908. 


Approximate Yarda; 


Rovacullte macadam.... 


guaranty. Tt brick foundations maeadam consis 


in any of its publications. 
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By J 


several from previously constructed types, and embraces 


“features of “some novelty. The interest t exproseed | by. engineers sand 


municipal authorities w 


inclines the writer to that, although the 


a a description of conditions leading to ta as well 


4 an of its” construction results thus far obtained | in 


3.000 000 ; 


the preparatory treatment of the 
2. ‘small area required—about one-fourth of that ordinarily 
require a slow sand filter plant of equal capacity; 
_Tequired f for as ow san ter ant 0 equal: capaci 
The system of handling and ‘caring for the. sand removed 


from the slow filters during scraping; 
— 


er Nore. —These papers are ‘issued before ‘the date set for presentation and dis- 
Correspondence is invited from those who cannot: be present at the 
Meeting, and may be sent by mail to the Secretary. Discussion, either oral or 
Written, will be published in a subsequent number of Proceedings, and, when ¥ 
finally closed, = papers, with discussion in full, will be published in iransictons, 
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ae 
 &§ 
— 
—— 
— 
— 
— 
The plant is a slow sand filter having a capacity 
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sing, 


materials 


The method of operating the roughing filters, 


in, the 


the safe- 


guards: to prevent the deterioration of ‘the effluent ; 


Fac. The control of the 6 rate of filtration of the : slow filters. 7 


> 


the following: 


The: very high rate elow 


the novel to operation of plant 


Q ‘The small quantity of coagulant 1 necessary to secure satisfac- 
+ 


results— ~about one-fifth of ‘that required in a mechan: 


ee ical filter plant of equal efficiency, and about one- eighth of 


that to secure equally satisfactory results “with: 


the of ‘manipulation of the chemical ena the 

ee certainty in its application; 


4 The long runs of fhe roughing tn A no coagulant is 


and ‘consequent saving in wash-water, power, 


‘The long runs: of and the 


resulting large 


quantities of water filtered between. scrapings 


6. The uniformity in the quality of the water 


applied to 


filters, and consequently the satisfactory results 


1. The brilliancy of ‘the ‘efffuent from the slow 


8. The ah absence of ‘trouble with rusty hot water 


9. 9. The moderate_ cost, construction : and 


Borough of | 


ation, 


peste River as Harrisburg, and about 3 “miles farther down. Topo 


a flat 


eraphically, the territory within the borough limits consists of 


portion, about 20 ft. . above: the level. of the river a anc 


1 500 ft. in width, which extends ‘the whole length 


— the ‘residential district, , which extends up the 


d from 1 000 to 
of the 
side hill to the 


east, and is broken, streets. having for the 
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gs Oo tee 
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— 
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WATER PURIFICATIO AT  STEELTON , PA. : 


heavy grades. The principal street skirts the eastern edge 


“of the flat area, ‘the larger portion of which is is ‘occupied 


Original Water-Works. —The original: water-works plant was 


of ‘the Pennsylvania Steel Company. 


the Steelton Home Water Company, and ‘was purchased by 

in the latter part « of 1899 for 069. 48, since which time > 
im mprovements to the intake, pumping station, and reservoir, and 
ions of the street mains swelled the total cost to $223 000, on . January 


la 

j ist, 1906, of which $145 000 was the cost of the street. mains, $38 
the cost | of the reservoir, , and about $40 000 the cost of the intake and 

pumping station. ‘The: plant, at that time, obtained it its water from 


isfac- 

Susquehanna ‘River ‘through a a 164 intake pipe reaching out 

ak approximately 1 400 f ft. “from the) pumping ‘station, to within about 

150 ft. of the shore of ‘Stuckers’ Island. ‘The ori original s supply hed 

been derived from wells dug on that island, but in a comparatively 

short time i 


eep up the supply ‘from the wells, 


and a pipe extended about 50 ft. out into the river from the most 
southerly well, the. water being drawn the ‘the = 

wells and back to the “pumping station ‘through: the 16-i “in. pipe. Sub- 

owing to ‘the. silting up of the v wells and their inaccessibility 


during hig high water in the river, a section of the 16-in pipe was taken 
= at a a point about 150 ft. east of ‘the island, allowing the water to 
Phy 


enter the ‘pipe from. ieee direct; it was in condition on Jan- 


The w ipe to a brick- 


a 8 


and- conerete-lined well situated : about 150, ft. from the river, just east 
Il to to the service reservoir, “20 £ ft. above the river, by tw two 1 500 0.000- 
gal. Deane, ‘compound, direct acting, outside: packed, plunger pumps, 
through a 12-in. main. additional 16-i -in. ‘main, connected 
imately up the pumping s station to permit either pump ‘pump direct or 
to the reservoir, parallels the 12-i -in. force main for about. 1200 ft 
‘extending to. Second Street. on Connestoga, and is cross-connec 


with the distribution system and the 12- -in, . force 


service = 


of. Susquehanna River Water. The River, 
above Steelton, has a of ay approximately 24 200 sq. miles. 
bd drains practically one-half of the State of Pennsylvania, and about 


: 
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WATER PURIFICATION AT STEELTON, fF 


sq. miles in the southern central portion York State. 
pon its are many large cities, including Binghamton, ‘Coopers: ing 
: town, Corning, Elmira, Hornellsville, Horseheads, and Owego, in } = sus 


York Stat e, and Athens, Altoona, Bellefonte, Clearfield, Emporium, 
Harrisburg, Hazleton, Huntingdon, Lewistown, Lock Haven, Mahon- ha 
ing, Mifflintown, Mount Carmel, Nanticoke, Pittston, Plymouth, § Sayre, Bsc 


Seranton, q Shamokin, Sunbury, Towanda, Tunkhannock, ‘Tyr rone, | 
WwW ilkes- Barre, and W illiamsport, -Pennsylva ania. Approximately, qu 
1 000 000 persons reside the cities and towns along the ‘Tiv ver and 
its branches above Steelton, of which probably 750 000 a are 
along the North Branch, about 100 000 the West Branch, and pa 
the Juniata, which streams a few miles above Steel- 


ton to form the main Susquehanna River. In addition to this urban a or 


population, th ere is a very large rural population, and, of the larger 


cities, there are pa senile of 60, having a total population of about 
700 000, which have sewers discharging directly ot. the river and its 


the wastes from which ai are discharged into its waters. The | West 
‘Branch lies largely in a sandstone country, and the Principal indus- 


tries along it have been i in n connection with the manufacture of lum- 


ber. T he Juniata lies | very largely in a limestone district. 
In the> da s of canal navig zation, several dams were built on each 


of streams, canals paralleling ‘the streams: on one side, 


both, between the pools formed by ‘the dams. ~The principal dams 


the North. Branch were at Clark’s Ferry,” Sunbury, N anticoke, 
Wilkes- Barre, and Binghamton; the West Branch, at Lewisburg, 


“Muney, ‘Williamsport, Lock Savin, and Queen’ s Run; on the Juniata, 


at -Millerstow n, Lewistown, Newton, Hamilton, and Huntingdon; and 


. ‘on th the branches at Pipers, Petersburg, Big Water Street, Little ° Water 


Street, Willow Street, ‘Donnellys, Smokers, ‘Mud, Williamsburg, Three 


‘Mile, Crooked, ‘Frankstown, and Holliday sburg. ‘The existence of these 
is mentioned because play a an important part in the modi- 
fication of the character of the river water during the season of low 


water as well : as during the | early | stages of the fall and spring - floods. 

- Essentially, it: will be seen that these + various streams consist of a series 
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WATER PURIFICATION AT STEELTON, PA. 


comparatively ‘steep natural slopes’ joining level pools, dur- 


ing ~“ w an nd moderate stages” of water, form subsiding basins in which | 


suspended carried by the water be deposited greater 


or lesser amounts. During -freshets, however, the deposits which may 


have - accumulated in the pools” during the preceding quiet camel are 


scoured loose from the nota, | picked u up by the rushing waters: ina 


“more or less changed condition, and earried down n the stream in large 


quantities. 


The larger part of the water- -shed is semi semi- -mountainows, the m main 7 


‘streams: flowing, for the “greater ‘part, through unerodable, and 


 parativ ely steep valleys, and the hillsides being largely denuded of 


forest: areas; for this” reason the stream and its branches a are 


or less ‘flashy, b big floods rising to —_ many feet in a few 

The amount and. character of the sediment in a turbid water is 


hours and ae almost as rapidly. 


of importance in determining the method preliminary treatment 
best adapted ~ prep pare the water for final At ‘Steelton, 
the quantity» which will subside to the bottom of a 1gal. bottle will 


sometimes reach a a depth of in. and i is usually a composite of 

well as as aluminum hydrate . and the hy drated oxides of i iron mixed with — 


various forms | of dirt, bacteria, and other ‘matters. 


Int the » Susquehanna River water at Steelton a brown sediment, 
varying from ‘ted to ) yellow: in color, either f flocculent or or otherwise (the 


-floceulence- depending largely n the stage of the river and the in- 


coal dust, leave es, s, stones, ‘silt, nitrogenous s matter, coagulated clays, as. 


fluence of the : e stage on the scales of bacterial - masses and clay 


particles in into > agglomerations), i is generally , characteristic of the water 
in ‘the w Ww vest channel, although a sediment of this color may sometimes 
| 
~ oceur over the whole w idth of the 1 river, following heavy general 1 rains. 


microscopic examination. of this brownish sediment shows. that it 


consists of particles of coal and dirt agglomerated by g growths 


small” water plants: and filamentous bacteria, the order 


greenish- black ‘sediment, tesulting mixture of coal 
and clay, is generally ‘floceulent, is characteristic 


Bacteriun , or Leptothria. 


water in the east channel during: heavy floods. 


grayish sediment, due either to 
than clay, or to the of aluminor iron, which 
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s low, | 


istic of the east channel, and ee: observed on the eng of the 


river below islands and bridge piers, _ and in other protected positions Ss 
when the river is at low stages. 


All possible gradations of color intermediate ‘between 


these are 


observable ‘at different times owing t to the commingling of the dif- 


The pi presence e of red or anes clay in the Susquehanna River water 


at Steelton, i "increasing quantities, is almost uniform] accom 


panied by decreasing alkalinity ; such water clears up ‘slowly by sub- 

-sidence. The water carrying floceulent: sediment, which is ‘generally 

black during floods’ but often the clean hydrate when the river is low, 
will clarify very quickly by subsidence. Such waters are characterized 

by low alk: alinity and correspondingly high permanent hardness. 

The color. of th the turbidity of the ‘Susquehanna River water, there- 


fore, i is a fairly go good index of its character, and, during the operation 


of the filters, plays an important réle as a guide to the proper use of. | 

on, 


the result o of bacterial activity, are intimately associated aia ‘the j iron, 
sulphur, and. alkaline constituents of ‘the water. Shortly after 


7 Harrisburg experimental filtration plant was put in operation, in the | 


fall of 1902, one 0 of the roughing ‘filters, then operating without a 


"coagulant, became suddenly clogged toa condition of water- tightness 
- within a a a very few minutes after the turbid raw water was turned on, 


and an examination disclosed a heavy blanket of black, sticky 


“a the surface of the sand. It was surmised that this wed might be 


similar to that which was ‘reported to have accumulated te sedi- 


‘mentation basins | at Cincinnati dur during the experiments conducted by : 


George Ww. Fuller, M. Am, Soc. C. 0. E, but a “chemical examination. 


of the mud. on the Hi Harrisburg filter showed | that while i iron was prese ont 


‘in considerable q ‘quantities it was not in the sulphide, form. The 

found to to consist essentially of. very fine particles. of coal dust 


mixed with the hydrates: of 


"Although i it had 1 been understood f for a a long time that he drainage 
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water in the east channel, and is locally 
black sediment, generally more 
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‘not current. that ferrous 


was present in| n the coal dust, in the river, it was suspected ‘that the 
“sulphur bacteria” ‘and “ “iron bacteria,” ‘which work: various 
_ formations in iron compounds, might play | some part i in the formation — 


of this sulphuric acid, and an experiment ‘was made to test 


hypothesis. small quantity of coal dust or culm: was pulverized 


a mortar, and equal portions “were placed in narrow- -mouthed ‘bottles 
In each of these bottles” was then placed a definite ‘quantity of 


treated | river wat ater, and, the ‘mouths of the bottles: having been closed 


with cotton plugs, half ‘the number were sterilized in an autoclave at 
a ‘pressure of aus Ib. for 30 bows _ After standing in the e laboratory for for 


differ re 


1olent! yi 
which had not been sterilized was observed to decrease very much 
more rapidly than that in the set which had some- 
what after ry manner that the untreated river water containing this > 
oxide of iron in comparison with water which does” not 


contain it. The water in these bottles represented, in s some e degree, 
the -eondition of the water in the river, except that the bottles which © 

had | been sterilized contained no living bacteria, while the 0 others, - 
‘supposedly, did, having been filled with river water which at the time 
of ‘filling 1 was. known to contain a large ‘number. _ The results of this 
‘preliminary ¢ experiment seemed to indicate that the change which 


he 


taken place in the e unsterlized bottles was due to ‘the action of t t 


bacteria con the i iron compounds contained i in the eculm 
‘Following out this ‘idea, a a further elaborate set of tests finally 
led to the conviction that a hydrate of iron” formed from the 
pyrites, ‘in the p presence of bacteria, while it was not formed 
bacteria were re absent; further, there was no evidence of the a a 


of soluble i iron except whe n bacteria were present. 


The reac The reactions which took place in the bottles’ used in the experi- 
ments are not known, and : are probably of a very complicated character, 7 


‘some resulting directly from, or being intimately associated with, the = 

biological activities present, , and others in all probability being s spon- 


taneous chemical reactions. It would be foreign to. the subject of. 


he coal mines contained a considerable quantity of free 
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th his paper to ‘enter into a discussion of these in detail 
= - and of others which have since been made both on Susquehanna and 


on Schuylkill it we sufficient to that a at the conelu- 


storage, are to py rites in the coal ‘into compounds 


which furnish the material for the hydrated oxide of iron naturally 


occurring in the water. . The indications: seem to be that the sulphur 


n the with water, furnishes the material from 


> the bacteria make sulphuric acid, which, coming in contact et with 


the iron, , forms the soluble ferrous sulphate. ‘The water containing this” 


soluble ferrous sulphate -commingles with the alkaline waters of the 


“river farther down stream, the e sulphate of iron being decomposed, , the 
sulphur” ‘combining with the lime and magnesia to form the sulphates 
of these bases, and the iron . being converted into the hydrate and sub-— 
sequently into the hydrated oxide. This | seems to be at least one 
_ metho od by which free sulphuric acid is formed in the drainage of 


the mining regions; the ‘process ~ takes place to a very considerable 


extent in the level of the where is as floods 


recede. the river rises, 


away, there is borne with it ‘ine “hydrate “a a Tasted aa of iron 
which had been formed during « exposure, At the Clark's Ferry dam, 


a some miles above Harrisburg, the water in 1 the e ast channel some- 


7 times ; shows this coagulated condition SO Plainly that frequently within 
an area a of a few square feet 0 one may collect a sample of E either per- 


Be 
as low water there oceurs the he east shore a 
floceulent sediment composed of the hydrate of aluminum 
as well as the hy drate. of iron. The source of the ¢ aluminum entering 


into the composition of this hydrate is unknown ; possibly it is s derived 
in some way from the clays. 
As a result « of the natural formation of the hydrated oxide of iron, | 
and of aluminum hydrate, in the water ¢ of the river, a considerable 
degree of apparent s elf- -purification takes place during: the summer 
“months. This is brought about, the pools above the | dams, by 
entangling of the bacteria into flocculent masses and their conse- 


quent settlement to the bottom of the river with the other s suspended 
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| WATER PURIFICATION AT STEELTON, PA, 


a proportion of the « organisms thus carried to the 


4 cease to exist in an active condition, finding their environment not. 
suited to sustain their vitality. The apparent, purification i is at times. 
so erent that, although from the many cities” along its course enough 


sewage is. flowing continuously into the river to render t the 


its extreme low. stage offensive, yet at such times the 1 water, as it 

ete) past ‘eden, is actually, at its best, ‘both in appearance and as _ 


to its” hygienic qualities. The analyses, of different samples of 1 "river 
water collected cat Harrisburg during” low water have shown as as few. 
colonies” of baete ria per cu. em., with ‘intestinal bacteria 
present; and generally, “during low- -water stages, when the « quantity 
of sewage discharged into the river is greatest relatively to ‘the stream 
fow, the numbers of bacteria in the 1 river water opposite Steelton (from 7 
points far enough away to be beyond the influence of the Harrisburg 
sewage) are lowest and ‘the: numbers gl intestinal bacteria 


This condition obtains, however, only during dry we ather, for the first 

floods which come down in the fall s scour out a portion of the “deposits 

from the pools formed by the dams up stream, and then the counts 
show sometimes as many as 300 000 colonies of bacteria per cu. cm. of 

ter, as well as large numbers of bacteria _ characteristic of f intestinal 


total hardness of the river water v varies with the ‘stage of 
river, yet “not necessarily in in proportion thereto, and is ‘about the same, 


as a general, thing, from bank to bank. The is hardest at 


“stages when “the flow is largely from springs, that” on ‘the west 


being high carbonates and low i in sulphates while that on the 


side is low i in carbonates and high i in sulphates, owing ie the chemical 


thanges t taking place, as above described. 


These ying conditions any relationship | between tur- 


sometimes: accompany very low, as w velll ; as. very high, turbidities, and, 


river stages, and numbers of bact teria. bacterial counts 
‘similarly, relativ ely low turbidities a are. re sometimes found | at very high 
Be of the river; further, the color of the turbidity is no indication — 
of its total amount, a as a comparison of - the records of ten samples « of | 


water, each a turbidity of 1000 parts “per” million, 
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times, and at different nt parts of the : river, shows all grada- 
of colors between bright ye yellow, r red, dark brown, nd black. 
As a result of. these complex conditions, the water in the river 
may change quickly from a moderately hard, clear water to a soft 
water carrying several thousand parts per million of turbidity, which, 
on occasions, may intermittently come down coagulated to a more or 
less slimy Rall floceculent condition with hydrated oxide of iron and 
hydrate of alumina. On the other hand, the 2 river” from bank to bank 
may be carrying its maximum load of ‘yellow clay from the Conodo- , 
and Juniata, or reddish- -brown mud from the W est Branch. 
During a general flood ‘from the entire water- shed, all these condi- - 


tions may prevail at the same time, the yellow water from the Juniata 


_ keeping g on ‘the western side, the West Branch water keeping in the 7 


central part 5, and the black water from the North Branch 1 along: the 
eastern shore, each stream occupying practically one- third t the width 
of the river, which, opposite Steelton, is ; approximately four- fifths “a a 


| 
Although of great width, the river is comparatively shallow, ‘the 


bed in t that vicinity being of shale and limestone, and the depth of 
‘the water at ‘its lowest stage being not more than 3 ft. at any ad 

and not more ‘than 14 ft. for the greater part of the vi 

ew 


THe Sreetton Piant. 


_ Those who have had experience in the filtration of polluted waters 
will appreciate some of the difficulties encountered in the purification © 
of the Susquehanna River water, particularly | as to bacterial purifica-_ 
tion, for the reason that the numbers of bacteria ine the raw water 
may be be i increasing 1 rapidly while the turbidity i is decreasing; and hence, — 


if the attempt is 0 made | to control the bacterial ‘purification by operat: 
ing g the plant on ‘the indications « of ‘the ‘removal of turbidity 0 
result ‘may be. anything but satisfactory, 


Another complication arises from the exhaustion of the alkalinity 


of ‘the raw water by the a acid mine wastes, and also its reduction by 


dilution” during heavy, _freshets. This, however, can readily be taken 


care of by enough or soda- ash to 0 supply the deficiency in 
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of purification. other complications i is the difficulty of secur- 
ing the satisfactory coagulation of the raw water when the bacterial ~ ei 

counts are high and the > turbidity is low, and also. the difficulties en- -a 
countered, in securing a sufficiently heavy coagulum when the tem- 
perature of ‘the water approaches the point, at 


the turbidities a1 are also usually low. 


‘While all ‘these difficulties can n be ov yercome and the water can van be 


= 


| 


J 


‘installed for the City of Harrisburg, ‘the successfull ‘operation of such 

a plant depends on the maintenance as fully equipped laboratory, — 

and on a superior grade of supervision ; and, to secure these, it 


handled successfully v with | a mechanical filter plant such as ‘that 


- essential, of course, that the revenues derived from the sale of ‘the a 

‘filtered water be sufficient to cover the additional expense, a 

Owing to the considerable ¢ general pollution of the river, the dis- 

charge of the ‘sewage of Harrisburg into it only a couple of miles above - 


Steelton, the exce: excessive turbidity, and. the enormous quantities of sand 


and coal ‘delivered into the borough’: s distributing reservoir y the 
supply pumps (ultimately to enter the distribution mains, interfering 
with the action of meters, and clogging s« ‘service pipes), the question 


of securing a purer and more satisfactory “source of s supply was 
brought to an issue in the winter of 1906, and the writer was com- 
_missioned to. investigate | and report on what could be done toward 


securing a new st supply of f a satisfactory quality, or tow ward purifying 


the existing supply. The report recommending the p purification of the 
present supply was ‘submitted ‘in 1907, and and, following 


its adoption, the borough v voted to issue cadens in bonds to cover the 
cost of the “necessary works. 


‘The plant, as built, was” designed to place the securing of satis- 


results, as. to purification, within the reach h of the Water De- 


partment without the necessity | of maintaining a perry and with- 


out incurring unduly heavy and operation: costs. The 


conti basis of the design is as follows: 
First. —The remov yal by subsidence of such of the suspended mat- 
ters a as ages settle out from the raw water in about 12 min.; a 


Second. removal, by passing the water rapidly through deep, 


coarse- ‘grained —, of at least 90% of the applied turbidity, us using 


a a coagulant secure this result when necessary, and allowing no 
‘congilahal turbidity greater than 25 parts per n mi rom 
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grained filters, no matter what the turbidity, of the ap plied 7 


id 


filtration the of coarse-grained filters 


The works include a new 30-in. in. cast-iron intake pipe extending | 

about ‘ft. into the river to a point where s indi- 


cated that there would be a minimum of trouble with silt, sand, 


18 


“coal al dust. J At ‘the: point where the intake was locat cated prior t to the 


‘commencement of improvements large quantities sand and fine 

ee particles of « ‘coal were | drawn into ‘the intake well during floods in the 


‘river, as much asa car Toad a a week r¢ requiring r removal i in order to keep _ 


line and grade e, in coffer- 


a a trench excavated i in ‘the ‘rock bottom of the ‘iver the joints 


poured with | lead and caulked water- 

The intake cage consists: of a reinforced concert ru 

‘ing the end of. the intake pipe. and spreading 0 out lik a a fan 


opening in front 1 ft. and 20° ft, Jo long, w ith vert 


spaced 6 in. apart, two rows 

The top of t he opening w was located at a depth of 1 : 
water, an 1e bottom of the river was ed way im 


of the cage, 


of 1-in. rounc 


= 


“current in ro 
line of the face of intak 


of the river 
A valve i is an we in 1 the intake pipe, at the shore end, and a con-— 
nection is made with th the 24-in. pipe to the suction. 
ll. The work on th 1e i was commenc ed on July 1st 


in , 1908, was done by the ater by 


Hew Pompe —The | approved by Councils on July 10th, 
1907, called for t the construction of a 3.000 000- -gal. “slow sand filter’ 


with to be built, piece of 100 ft. 
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coal particles along past the intake. 
&g a! 2 is parallel with the trend of the current ee 
writer, IMPROVEMENTS AT THE PumpinG STaTION. 

| 
— 
a 


the pumping station. Before: construction 1 of the had been 

authorized, appropriations had been made for the installation of a 

new 3 000 000- -gal., Heissler, compound- condensing, crank- and- fly-wheel, q 


pumping engine at the pumping station, = 
In order to suit the new conditions, it was necessary to remodel 
the | piping in the pumping station and install two 12-in. centrifugal - 
pumps, direct connected to ) simple, vertical, condensing engines of the 
marine type, the suction pipes of the new ‘pumps being connected to 
the remodeled original suction to ) which the s suctions of the old Deane 
pumps were attached. pipe from the ‘two centrifugal 


to the new water well, raw water could be ‘pumped 
~ directly. into the Heissler pump and thence to the city. The Deane 
‘pumps \ were located i in a pit sufficiently low, to 0 enable them originally ; 
to take their own § suction from the intake well, but the 3 new Heissler 7 
‘pump, as well as s the e remodeled Deane ‘pumps now take the filtered 
water from a new filtered-water well constructed just outside of the 
pumping station. 
From this brief description it . will be seen that in the remodeled 
plant the raw water is pumped from the intake well Il by centrifugal 
pumps to the filter’ “plant, | and the filtered wat water is returned to the 
Brey. pump well just outside of ‘the e pumping station, from \ which either 


the new Heissler or + the old Deane pumps can draw ‘the : filtered water 
ond foree it a 12- -in. force main to the listribution reservoir, 
on the ‘hill above the town, or through - the 16-in. return main directly 
into ‘the distribution system, or into the reservoir and the distribution — 


cross- -connections thin. arrangement the construction of 


re 


deferred for many years oly reason of the aks a ‘pure water 


which could be pumped _ ‘into the ‘mains direct, 


Raw-Wat ater Delivery F Filtered- Water Return The raw- 
vater pipe leading from the pumping station to the filter ‘plant, and 

return pipe leading from. the filter plant 


connections to the concrete. 


are. wood-stave construction, with cast-i iron “specials for end 
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The 


of abutting staves, 


ut -iron 
the Bands ng placed 12 in, apart, excepting at butt- joints. 


and on the ends of cast-iron ron specials, where the spacing was reduced 
to about 4 in. The shoes and bands were dipped in a hot bath of 
Pioneer mineral- rubber pipe coating, , and were retouched, in the trench, 
after cinching, with | Smith’s Durable Metal Coating applied with a 
Wie 


> 
brush, 


‘The raw- -water and filtered- water pipes have an internal diameter 
of 4 ih, and, for the greater part of their length, are laid in one 
trench. 


7, 
Piltered-Wa ater ‘Well— new, pump v well the pumping station 


is of is circular in plan, has an “internal diameter of 15 ft., 


a “a a depth: of 14 ft. from the floor ‘i ‘the underside of the reinforced 
roof. It has a cast- iron manhole frame -and cover, , the opening b being 


86 i in. in diameter; the cover is provided with a gasket and is biel 


water-t tight t o the ame, which is built into the concrete. 
‘Where: the 14-in. discharge pipe from the centrifug al pumps passes — 


through this well to form connection with the Ww ood-s stave pipe, a 

_by- -pass | connection is made by which th the ra kw water can —e » discharged 


the filtered- water well in case of necessity, b but the 


are arranged thes any in or through = valy 


‘the ‘filtered water. 


Ww ORKS. 


Capacity of Plant-—The purification works include a a deposit. cham- 
ber ‘and three ree roughing filters which, | with their regulating wells and 
regulating wells: for the slow filters, ers, occupy a sp space se approximately 
‘ft. Tong a g and 44 ft. wide; in addition there are three slow filters 
ey which « occupy upy the remaining av vailable spa space, , 100 ft. wide and 200 ft. 


The is to supply 3 000 000 gal. of filtered wa Ww ater per 


a proper reserve capacity | being provided to permit of cleaning 
the filters while delivering the s stated “quantity of water. 
4 

Method of Purification. —The meth od of pu purification consists in_ 


q 
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a me i were of Oregon pine dressed to the true circle and 

— ner with steel tongues in the end joints 

— round steel bands, with rolled threads 
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preparing ‘the raw water for slow filtration by removing therefrom 


of the turbidity” bacteria to ‘the slow filters to be 
operated at a a relatively high rate. ‘The object of the - treatment is to 


"prepare the water in such a as to be able to discharge upon the 


slow filters, ae final purification, a water of reasonably con constant ‘com- 


position, -as to turbidity and bacterial the ¢ 


r 7x 
treatment begins with the removal « of the floating matters from 

water by coarse screening a and of the particles of ‘sand, ‘silt, and 


coal dust | by y subsidence. ‘The w water is then passed ‘through roughing 


“filters containing a deep bed of coarse- -grained filtering material in 
which an additional portion of the 1 remaining suspended matter (in- 
cluding a varying percentage of be veteria) is retained, ‘the effluent water 


“passing to the slow sand filters for final purification, As a general 

‘tule, when the numbers of bacteria in the raw 


are relativ low 


and when the turbidity does not exceed, 50 parts per - million, the r rough- 


‘ ‘ing filters produce an effluent of satisfactory y quality without the use of 


_ artificial coagulation; : but when the turbidity of the raw water is higher 

; ‘than 50 parts per million, or when it is caused | by 3 particularly fine 

particles, or when the bacteria number more than about 5 000 per cu. com. 


= the raw water, a sufficient quantity of coagulant i is mixed with the 7 


case. to which are as is yet will 
apparently give sufficiently long runs of the roughing filters to permit 
of easily keeping the plant in “operation, and sufficiently long periods 
of operation of the slow filters to enable them to pass a satisfactory 
quantity of filtered w ater between scrapings, 


_ The The period of subsidence allowed in the deposit chamber, for | the 


> for which the plant is designed, is 12 min. The 
‘maximum ca acit or which the ant is designe is min. 1e 


‘roughing filters ar are’ ire designed to operate at a a rate of 172000 000 gal. 


per acre filter “surface ‘per day when delivering 1500 000 gal. per 


filter, ‘three filters being provided so ) that two can yield ‘the full 3.000 000° 
“a while the third is being ¢ washed. The net ar area of the sand sand | surface — 


of slow filter is 0.1446 acre, al and when delivering 1! 500 00 000 gal. 


AAS 

| — 

4 

q in the applied water down below figures which experience indicates — _ 

| 

3 

rough filtered effluent with a turbidity of not more than 10% of that é 
q 
| 
f 
4 
q 
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ore 


per day the filter will | operate at a rate of 10 373 OOO gal. per acre per 


day, two filters. yielding 3 000 000 gal. ‘daily with the third in reserve 


wt’ 


for cleaning. 
Deposit Chamber.—The raw water is ‘received at the 


at the bottom of a rectangular compartment | in one end of the rein- 
‘forced conerete deposit chamber, Plate XLV a valve- controlled con- 
nection being provided between ‘the bottom of this, compartment and 
“the se sewer. One outlet fi from ‘the ‘upper part of this ¢ ‘compartment leads 
‘to the deposit chamber and a a second “leads | directly to the channel 
feeding the the water to ‘the “roughing filters. By using one or the other 
these o outlets the water may be passed ‘through the deposit chamber, 


7 or, if ‘desired, the de deposit chamber may be by- passed and the r raw water 


‘deliv ered ed directly to the roughing filte leavi ing the inlet cham- 


ber, on its w way to the deposit chamber, the water - first passes vertically 
‘downwar wail through @ coarse screen ‘composed ‘of parallel lines of 2- -in. 


planks standing on edge, horizontally, spaced about 8 8 in. apart 


from center to center transversely to the direction of the ex entering 
water; between ‘these planks, and a vertical plane, one above the 


ray 


other, are the horizontal perfora rated pipes through which the lime- -water 


and coagulant solutions are. admitted to the ‘Taw water. 

The raw water is: shaiteed to ‘the deposit. chamber it in the manner 


to use up the entering velocity head and permit 


- the water to pass s through t the deposit chamber quietly and thus drop 
slowed refor 
Grit Elev vator.—Near the 


out as much as poss ible of of ‘the suspended matter in the short 


grit elevator 


particles whic 
Plates an esti imated capacity of 20 tons 
per 24 hours, consists of an 8-in. chip rubber belt carrying perforated, 
-galvanized-i iron buckets, 6 in. long, 4 in. wide and 4 in. deep, at inter- 

vals of 2 ft. ‘The belt trave els” ft. per min., ‘and the 
buckets | discharge fate: a hopper arranged to fit into the end of a 6-in. 


~ east- iron, pipe pe leading to one of the : sewer compartments of a a roughing 
filter. 


‘The deposit chamber is 10 ‘ft. wide and - 42 ft. Jong, including the 


entrance chamber and screen box, and at full capacity the water flows 


through it with a depth of | about 9.2 ft. and a velocity of 0.05 ft. 


—— 
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STEELTON, PA. 


per sec., passing over a weir at the farther end into a channel leading | 


is to the inlet to the dy filters. 


ail the mixing tanks, Plates - ‘XLIX - and L, for the lime water 
coagulant solutions. ‘These tanks are “monolithic: reinforced 
conerete. ‘te tank there is a wooden dissolving rack with an 


frames prov’ ided w with copper ‘soreens 


4 por inch, with We. 11 bars. Each ‘tank is prov: vided | with 


it has been mixed. A galvanized-i iron steam connection, with a copper . 


— reaching to the bottom o of the coagulant tanks, , is provided for 


warming the ‘solution | during cold weather. The solution is ‘mixed in 


usual manner. With a 2% solution, two tanksful will furnish a 


of 2 gr. per gal. a consumption of 3.000 000 ) gal. daily. ‘The 

coagulant solution is drawn from the mixing tanks through 2 -in. 
copper pipes arranged with swiv el-joints to permit of decanting the 


at any desired 


Coagulant- Measuring Box.—Through the copper outlet pipes the 
- solution runs to the coagulant-measuring box, Fig. 1, endl Fig. 1, Plate 
is is a reinforced concre e box with a plate-glass fron 
LL. This is a reinforced conerete box with a plate-glass front in 
which are are drilled t three in. and ‘three 3- in, orifices, all at. the same : 
elevation and spaced 4 diameters apart and 4 diameters of the 4 “in. 


‘is i 1 in. wide, 4 in, thick, and 2 28 in. n. high, and the are counter- 


sunk ¢ one- half the depth of t the 1 plate from the outside. On the ba = - 
7 of the pl plate i is etched a graduated scale rea reading to hundredths of a 

j foot: for a height of 2 ft. t. above the centers rs of the orifices. . The | plate 

is fastened to the front of the orifice box on soft rubber gaskets, made 
tubing, by plates and expansion bolts secured i in the concrete. 


and permit 1 ‘the regulation ¢ of ‘the d depth in the box x by changing the 
he} ‘ight of ‘the the float. 1 The float i is s of copper, 1 10 in. in diameter, with a 


‘lover: float arranged to admit the solution near the 


‘flat hoktenw. ats and a coned top, sliding on a Li -in. brass rod, the ‘rod being 7 
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WATER PURIFICATION AT STEELTON, PA. 
to > the lever of the valve, and the height of the float 
on rod with a ‘a bronze  Set-s -screw having a milled head. 
orifice is provided with a soft rubber. ‘cork, or stopper, 
tached to a a handle consisting of a piece of brass ss pipe with cap, on 


one end and an elbow on the e other, the eo cork being fastened to a a nipple 
entering the elbow; there is a rack, w ith thumb- “screws, , across the top 


of the o1 orifice box, for holding the handles where desived. 


£ 


“COAGULANT ORIFICE BOX 


Solution 
Tank 


Pipe to Raw 


1. 


The coagulant ‘solution flows ‘through the orifices i in the glass plate 


toa small conerete box, from. which a 2- -in, copper pipe connects with 


perforated pipes between ‘the screen bars at the entrance to the 


deposit t chamber. 
Lime- Wat ‘ater Mixing —The lime- water apparatus consists 


‘of ‘two tanks. for ‘making the lime-water (Plates XLIX and iL), a 
‘slacking box, and an ‘orifice | ‘box “for measuring ‘the quantity of 


water to. be ‘supplied to to the lime- water tanks. Lime e being only slightly 


“soluble in water, a ‘relatively lange quantity of solution is required 
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unless the lime be added | as cream of ‘om Ih the Steelton plant - the 
- apparatus is designed to make use of a  sakaveeed: solution of lime-water. 
The lime is slaked in a reinforced concrete box supported on ‘top 
f the partition separating the two lime- -mixing tanks, a duiee -gate 
_ being provided on each side for emptying the milk of lime | through | 
fu nnels into pipes leading down to the bottom of the lime- -mixing 
tanks. | The latter : are rectangular in plan, the bottom of each being © 


in the form of an inverted frustum of a pyramid, - From the bottom 
¢ of each a pipe e leads to the sewer, with ‘a connection immediately. 


“below the bottom of leading to t the lime-water measuring 


a box which stands on brackets above the -coagulant- -mixing tanks and 7 
receives its water through a float and lever valve (with spindle and = —— 
“float as described for the: coagulant orifice box) either from the city 


“mains: or fr from a -in. centrifugal pump taking its suction from 

channel containing the rough- filtered water, Valves in the 


pipes permit of of cleaning the > tanks and | pipes, and the admission of _ 


water to either of of the tanks a as desired. The lime- water orifice box — 


erin 
‘is also of reinforced concrete, , with ; a a plate- glass front, nti in. thick, 20 = 


wide and 28 in. long, containing two i-in., two 1-in., .. and one 13- 


“orifices; there is” also a a graduated scale etched on the back of the 


glass, the details: of the being s similar to those for the 


“coagulant orifice box. The effluent from the solution-measuring box 


issues. vertically ‘into the mixing tanks through the center of the 
bottom , rising as a saturated ‘solution through the n milk of lime, which 7 : 

has been mixed an and deposited i in the bottom of the ‘the tank. oo The quantit "a 

of water rising ng through the tank is varied from time to time in ac- 
- cordance with the different conditions of the raw water and the vary- 7 
4 ing consumption of. water by the borough, the maximum, rate, for 

dose of 2 er. per gal. , for a consumption ¢ of 3000 000 gal. . daily -with 7 


the tanks at the rate of 7 in. per hour ir if the outlet valves were closed. 
The water, having picked up its lime at the bottom of the tank, » is 


of just below the surface by a system 0 


of perforated, 


| = tanks in service, , being su such that the water w would vise through — 


raw water, six 13-in. iron with 


jodie rows a2 16 -in. n. holes 33 in. apart, screwed into a 4-i in. » galvanized 

iron manifold connected with a Joose- sleeve joint 
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supply pipe, lie between the woo wooden bars of the screen at the entrance 


to the deposit cham aber. The ¢ copper | pipes for distributing the coagulant - 


solution con sist ‘similarly of six lines of 1-in. pipes” perforated with 


double rows vs of # 16 in. holes spaced 33 in. | apart and fastened toa a 2h- in, 
copper m nifold; they lie e vertically below the lime- water mixing pipes. 


‘The - raw water, after ‘passing through the deposit chamber, ‘or in 


ease it is by- “passed svound the deposit: chamber, enters a channel, 


_Tunning lengthwise along one dds of the deposit chamber fro m the 


"SECTION THROUGH INLET TO ROUGH \G FILTER” 


= ——Deposit— 


-—Chamber— — 


weir at the east end | to the en entrance chamber at the west end, the side : 
and bottom of this ‘channel being s supported by vertical steel bars built 


| 


‘channel and the e beams spanning the deposit chamber and | carrying ng the 


mixing tanks. From this channel, Plate ‘the v water is t taken 


to each of the three roughing filters through 16-in. cast-iron pipes ¢ con- 


ins the concrete ‘and “passing continuously ‘through | the e side of the 
trolled by 16-3 in. sluice: “gates: operated with 1 chain- hoists. ‘Between 1 the | 


ends of the three filters and the east side 0 of the deposit chamber : are 

arranged a series of chamb ers, three for each: filter, containing con- 
nections to the | sewer, to the filtered-water effluent 1 pipe , and to ) the raw- ; 
- water supply, a connection being» made at the ‘bottom, between this 
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to perm: it ‘the: dirty water resulting ‘the washing a the 
filters to ew backward through this inlet chamber to the sewer leading — 


to the river. Between the row of regulating chambers for the filters 
peed the depouit chamber is a narrow channel, 3 ft. wide, and about 


5 ft. deep, into which the rough- filtered water is discharged from the > 
_ roughing filters, and from whic -h the supply pipe leads to the slow filters. — 
The 16-in. supply pipes to the roughing filters cross the channel 
containing: the rough-filtered water, and enter the supply chambers 
immediately i in front of the center of each roughing filter. The wash- - 
water troughs, which serve the purpose of distributing the incoming 7 
water over the filters during operation, as well as of removing the — 
_wash-water when the filters are being are suspended from 


the roof beams of the roughing filters by 1-in. bolts engaging saddle 
| pieces | of flat steel, over the top. and under the bottom of the troughs, 


with jamb-1 nuts at top and d bottom to permit adjustment. 
The: roughing filters rs are each 12 ft. 2 in. wide and 29 ft. 6 in. Jong 
at the bottom, pepe sides | and ends battering outward 6 in. in the height: a 
of the filter, the outside surfaces of “the walls being vertical. The 
side walls and roofs of filters are al reinforeed “concrete, and the 
m 
bottoms of concrete without reinforcement. 


Roughing-Filt “Filter Underdrains each filter there is an | under- 


drainage > system, ‘similar i in principle to that designed by the writer i ie 


for Harrisburg Filter Plant. It consists of 59 parallel 2-in. 


bard 

a ] 

galvanized-i iron pipes, pes, extending across, the width of ‘the filter and 

‘drilled along the bottom with 14 -in. holes 3 in from center to center, — 


“the pipes enteri ng a ma nifold of 12-in. flanged pipe built into 
the conerete wall on | one side of of the filter and terminating in a 


effluent regulating | chamber. in front of the filter in a 12-in. gate- -valve 
hand from the floor above. The 2-1 -in. galvanized-i iron pipes 


3-in. “meshes i in ‘the 


en havin 
wires | anc remain on a scree 


en }-in 


in the clear between the wires, and | containing ” particles finer than 


ti in. largest dimensions. Upon this. rests a second layer of fine 
gravel, 3 in. 1. thick, all the particles of which will pass ss through a screen 
having * in. meshes, but will remain on a standard brass sieve ilies: 
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in the “roughing ‘filters consists" layer of fine anthracite coal 


_-sereenings, ft. thick, prepared particles of fine coal washed 


down the river from the culm piles of the mines 0} on the North i 


_water-shed during floods and recovered from the river in the neighbor- _ 
ho od of Harrisburg and Steelton by centrifugal pumps. Considerable | 


“care was required in the selection of mee raw material, as it was desired 


that the finished product should have an effective size of about 1 mm 


and a uniformity coefficient as as low as practicable without making the 


cost of preparation too ¢ great. The material as received at. the | plant 


contained considerable moisture in the pile and was prepared by ¢ casting: 


ng ng the material through a a sieve e having 6 meshes per i in. Each of 
three filters. contains ft. in depth of this sereened coal, 


"Prepared, has an effective size of 1 mm., a ‘uniformity y coefficient of 


about 2. 4, and 1 does not contain more than 2% of particles which would 
pass through a screen having 30 meshes p per in. In prep preparing the | river 


. coal, 144 tons of the finished produet, , weighing about 53 Ib. per cu. ft. 


was required, to s secure e which it was necessary to screen 176 tons, 


rejecting 82 tons of coarse particles, 
‘Roughing- Filter Controller—The rate of Sitration of the he roughing 


“filters is controlled by regulating the depth at which the rough- filtered 


water flows ove over the ‘edge ge of standard bronze weir- plates, 12 in, Tong, 


Plate L and ‘Fig. 3, the weirs” being placed ‘orifices in the 
front walls of the effiuent it regulating chambers of the : fitters, the rough- 


“filtered water falling ov over the weirs and into its ; channel, from pre 
is conducted tc to > the slow filters, the elevation of weirs. s being 
fixed so as to allow losses of head u up to about 2% ft. 7 oe ae 
Loss- ss-of- -Head and Rate Gauges—The r yate of filtration and loss ss of 

oo head are are indicated, for each filter, by ga gauges an and indexes operated by. 7 


spherical, ‘seamless, spun-cop copper ‘floats, resting g on the water in’ three 
 8-in. - spiral riveted tubes, Plate XLVII and Fig. 3 3, placed i in the r regu- 


lating 1g chamber of each roughing filter. 


tm 680 PURIFICATION AT STEELTON, PA. [Papers. 
g _-12 meshes per lin. in., and containing not more than 2% of particles 
2 Fea which will pass through a standard sieve having 15 meshes per lin. in. 
_ ay These specifications were written for local materials, and might require 
modification for other materials of different subsiding values. 
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Fic. 1.—ROUGHING-FILTER OPERATING Room. 
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| The rate gauge was graduated at the plant f from the actual ‘mea 
ured over each in stated of time, and at dif- 


ferent depths of flow, as by the float gauge. The loss- s-of- 
“gauge was divided into feet and hundredths. 


e boards were f strips 


ble 
ad pattern- letters 


d hand “with 


1ps 
raduate 


ink, letters | being 
a 


attached to. the gauge b joards with shellac, n the first coat of paint, 
and painted | white wi th the board before the latter “graduated. 
“After - graduation the tops of the letters were bla ckened, and the board 
. “was given two coats of spar varnish and stiff ffened by small | brass cleats 


: 


Wash-water 


screwed to the backs at the top cleats being provided 


with ears ad each side « drilled with holes, ay tei in diameter, p parallel 


to the back of the board and lengthwise of the ows The gauges os were 
strung on parallel guides: formed of No. 20, B.& S. gauge, phosphor- 


bronze wire fastened to screws at the top and bottom in the head and 


foot 


| Roughing- Filter W ashing Devices. —Provision washing: each > 


roughing filter was made through an 8-i vin. connection with ; a 12-i 


= e laid especially, to. bring filtered water to the filter plant from the 


force main leading - from the phone station ‘to the service reser- 

voir, with a 
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pers, 


Ww water may may be « naw from either one or the o other er of these | two. pipes 
as desired. The 12-in. pipe « divides, on on ‘reaching the filter plant, an 
4 8-in. branch, e XLVI, entering the roughing- filter at the 
channel which receives the rough- filtered water, with 
connections with the underdrain of each filter back of the effluent c con- 
pee valve, each o of these connections | being ng controlled by. its own valve 
operated a hand-wl vhee from the operating floor above. Inv addition, 
one other | branch is taken off from the 8-i in. -water main 


and terminates in the sewer r chamber of the central filter for use in 


flushing the sewer, if necessary. 


In addition to the wash-wa -W ater, ‘provision j is ‘made for scouring the 
beds. of the roughing filters: with a air admitted to the under rdrains 


through 2-in. galvanized-i -iron pipes leading from. the air receiver ar 7 


provided with | control valves and p pressures gauges. ~The air pipes” 


connect with the wash-wa -water pipes in the bottom | of the ‘filtered- -water 


effluent chamber of each filter between the wash- -water control e 


| the “effluent: underdrain. 


Sewe er r Connection.—Under the regulating | of the rough- 
there is an 18-i in. vitrified Plates XLVII anc d 


L, laid in concrete and “extending to the river, a distance of approxi- 


_ ‘mately 1 000 ft. Into this sewer all parts s of t the plant can u ultimately 


be drained. 


of the operating room of the roughing filters forms the 


roof over the various regulating - chambers ‘and the channel for the 


Tough filtered w: water; ‘and the onlin providing for entrance into the 
various. chambers are covered with light, 20-in., circular, east-iron 


‘covers w with ring- frames built into the concrete, manhole ‘steps being: 


provided in the walls. 


General -Water-S uaply Pipes. —The water supply for mixing the 
ce) coagulant solution, for supplying the steam- ‘heating plant, the t toilets, 

and the sand-washer er plant of he: slow filters, is taken from the 8 8-in. 

-wash-water main. the e effluent channel 1 of the rou ighing filters by a 
vertical 3 3-in. n, galvan anized- iron pipe rising above the ceiling of the 


hwise of the roughing filters. to 


operatin g room and extending lengt 
the sand- in the second story of the building « over over the 
regulating chambers of the slow filters. The br ranches f or the different 


fixtures a: are from this ms main Ww ‘here 


operating ro om of the roughing filters, adits conerete | stairways, 
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‘| 6 Tile Drain 
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2 Roct Drain 


Allside walls reinforeed 


4 


Pipe to Séwer | | 4-14 Bars per Foot 


10 Half Tiles | 


return Pipe 


~ ery, 


12 squar 


All posts reinforced vertically thus. 2 


All partition walls reinforced vertically 


- horizontal_reinforcement samv as side walls 


—-!. 
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Sand Trough 


Sand Pipe 
_ 3 Hose Valve 
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All side walls reinforced verticall, 
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WATER PURIFICATION AT STEELTON, PA 


coagulant-n -mixing ‘ale, » water mixing ing tanks. These 


provic ided with iron-pipe railings, painted black and varnished, 
Centrifugal — —The “centrifugal pump, ig. 1, Plate LI, 


which ‘supplies the water through the measuring box to the lime- mixing 


tanks, “has a 2-in, discharge pipe, and a 2- -in. suction pipe, extending 


pen n into the channel containing the rough- filtered water, having on 
its end an elbow, short nipple, and gate- valve with extension 
reaching up above the floor of the operating room and there 
? provi signe a hand- wheel. Just below the floor level ¢ of the operating 
branch extends through ‘one of. the roughing 


“filters to the slow-filter operating room where a hose- »valve for 2-in. 

suction is provided in 1 order to of the 


York Have: en Power 


| 
5 
a7) 
me?) 
5 
6. 
@ 


there are two, manufactured by the W Electric and 1 Manu- 


| facturing Company, one of 5 5h. p. and the other of 15 hp, are not the 
current type, wound for 3-phase, 60- “cy cle, 200- -volt terminal 
sation 
voltage, capable of standing an overload of 2 25% for 2 hours without 


injury, and provided = oil-i immersion starting boxe 
slate switch- board, mounted with vale meter, arapere meter, W 


breakers, ground detectors, pilot lights, clock, and main 

switches for the different serv ices required, ‘stands in “the 


Lighting. —All the. filters and parts of the e plant are pro- 


vided with leeteie: light fixtures wherever light may be required, and — 


| all the 1 rooms of | ‘the building "containing the > machinery and the regu-_ 


lating chambers 0 of the ¢ different filters are also provided with gas jets. 
Air Compressor. —The air compressor for supplying compressed air 
ro scouring the ‘filtering materials in the roughing filters, and for 


} 

agitating the “coagulant solution, | stands etween the two ‘motors, 
} can be operated 4 from either o1 one : It is a an Ingersoll-Rand compressor, 


known as the Imperial | Type | 11, and consists of two cylinders stand- 
rtically, with single- -acting plungers | driven by erank shafts on 


ing 
opposite sides of a heavy fly-wheel which also s serves 


as the belt. pulley. 


= 
1 
ale 

elevation to which they could be drained naturally. 
— 

ay 

ip 

— 

4 
— 


so-called, which, when the maximum 


the ‘machine is intended, be 


relieved automatically. 
air compressor has a capacity ‘of 89 en cu. ft. of free. air per 


: 


min. . at a speed of 200 rev. pers min., , and is capable of delivering the 


air at that rate > under a a a pressure ire of 100 Ib. per sa. in. The air 


eylinders” are _water-jacketed, with hooded the water 
being discharged into the trough of the 


are of poppet type, and work vertically. 


Air | — 1. galvanized-i -iron discharge | pipe, w 


near the from the compressor to the 


‘hae er, r, which is a vertical cylindrical tank, with | domed ends, 5 ft. 


in diameter, 2 and 12 ft. high? The | shell is of flange- steel is furnished 7 


‘ees a | manhole and a cast-iron base, and is proportioned to stand a 


working air pressure of 110 lb. per sq. a and remain air- -tight under 


p pressure. receive er is Prov ided with connections: for the 2-i 


iron discharge pipe from compressor and the 2- in. 


anized-i iron att pipe leading from the receiver to the a air wash-t 


a the roughing filters, and has also a 1}-in drip | at the bottom, pro- 


vided with a a double valve. 


receiv er is provided with a safety valve set at 105 per sq. in. 


P ¥ gauge to indicate the pressure in the 1 receiver, and a a 1} -in. . Foster 


“reducing: valve capable of discharging ‘the entire contents of the re- 
. ceiv er in 2 min. at a “uniform p Pressure on the filter side of the valve of 


- about 5 Ib. . per sq. in., the p pressure re of the receiver falling, at the 2 same 


4 time, from 100 to about 10 Ib. per sq. i in. 


The ‘two motors, the ; air compressor, — the air 


a foundations built “monolithic v with the roof of the west roughing filter, 


and no" vibration is apparent when these ‘machines are operating. L. 


-Countershaft. —The countershaft to which the motors and air com- 
belted is. provided with jaw coupler: between the belt 


pulleys from the two motors, and is extended through the south wall 
of the machinery 1 room into the regulating room o of the roughing filters, 


rder to. reduce the speed as required for the operation of the ‘grit 
- elevator, and to increase i e speed for the > operation. of the centrifugal 
Pump supplying the water for the lime-water solution. 


Phi and L, where additional countershafts are installed in 
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Fig. —Tors OF SLow FILTERS DuRING PLACING OF EARTH AND TOP-SOIL COVERING. 


Fie. 2, 2.—Isrenton OF SLOW sei SHOWING PLACING or UNDERDRAINS AND GRAVEL LAYERS. 
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4 7 ‘They are each 97 ft. 6 in. long, the two end filters being 64 ft a 
‘4 in, nd the central filter, 64 ft. 9 in wide, | all ‘dimensions being 


6s 


WATER PURIFICATION AT STEELTON, PAL 
= 
| ‘Superstructure. —The building covering t the operating room of the 
roughing filters, the storage room, the machinery room, and 
| the “regulating of the w filters, Fig. 2, Plate LIV, 


Ls -shaped, one leg of which is 44 and the other 65 ft. long, measuring 
; on the long sides, the two wings being, respectiv rely, 21 and 26 ft. wide. 

3 ’ he ou outer faces of the side walls are of red brick, white brick being 

used on the inside faces. The building is surmounted by : a slate roof 

ona timber framing, with copper ridge, finials, gutters, and. down- 

- spouts, the down- -spouts discharging into the troughs | of the roughing 
“filters, or into the deposit chamber, as necessary. 


Sampling Devices.— front of each roughing filter, and by the 
side of the entrance chamber for raw water, a small concrete bracket, 
‘Fig. 1, Plate I LI, and Fig. 1 1, Plate LY, nia a copper funnel 
in the center, is fastened to the itl, and earries a nickel- plated 
-goose-neck on the discharge pipe of a small rotary hand- -pump, the 
mechanism of which is submerged in the water immediately below the © 
shelf. pumps are operated by extension shafts carrying nickel- 


plated hand- wheels. These pumps are used for obtaining samples of 
the raw water | as it enters the plant and of ‘the. effluent from each 


tered water is. conducted to the slow filters: 


filter. 


Stow Firters. 


through a line 16-in. wood- -stave pipe with 12-3 -in. connections to 
slow filter, by sluice-gates with stems extending to the 


tops of the filters 
_ Area.—The slow filters, ‘Plate LII, and Fig. 2, Plate » LIV, of 


which 1 ther e are three, with a total ‘net area of filtering surface of 


0.4340 ac acre, lie side by side immediately ‘north of the roughing filters. 


‘measured inside at the bottom, and all interior wall surfaces battering 
out. toward the top 6 in. in their height. . The thickness of the outside 


walls o of the filters is 15 in. at. the bottom, and 9 in. . at the top; the 
thickness of the « division walls is 21 in. at the bottom a and 9 in. at the 


top The walls are reinforeed | horizontally ‘and vertically to take the 

necessary strains, and are . built in a ending against headers, 


with copper strips in all vertical joints to cut off any possible leakage 


such points. é 
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floors of t the filters are d in| and form i inve 


arches, w with the columns: supporting th the roof standing on the high 


Roof, Side Walls, and Ploors.—The roof of each filter is supported 

forty reinforced concrete posts, 12 in. square from ‘the roof to 4) 


alg 44 ft. from the bottom , battering out to width 18 in, on 

each side at the floor level. - Longitudinally of each filter, reinforced — 


concrete beams, 19 deep, run across the tops of the columns 


alternate rows, while transversely, of the: filters, 13 in. deep, 


across the tops 0 of a on the i inter- 
ormed by the deep sides of ‘the intend 
and removed from the filters an uring the periodic: al 


the the intersecting roof beams 


> 


from top to bottom 
sisting of -in. bars, 2 in, from to center, for the lower 8 ft. 
in depth, and $1 in. bars, 12 in. from center to center, for the 1 remainder f 


of the height, bars being used both faces of each wall. The side 


walls rest in grooves formed along the o “outer edge of the floor slabs 


when the latter were laid. In laying floor no particular 


a 


tion was to “prevent leakage, than to form 


he conerete to harden contract, t, before laying ‘the next slab 


against 11 it, and using a grillage | of 4-1 in. bars, 4 ft. long, ix in the 1e concrete 


roof. 


Sand Troughs. —The ‘sand 2, Plate Fig 4 


Plate ‘LHI, on top of the ‘filters, of which there three to each 


filter, are ‘divided by cross: partitions into boxes from to ft. 


separated: at one end by weirs and at the other by manholes 


5 into ‘the filter . The boxes. are arranged s so that the w weirs of two. adja- 


cent boxes stand 12 in. apart, forming a a channel « crosswise of the sand 
box, from one end of which leads a 6-in. -drain- tile connecting | with a 
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HOWING SAND IN PLACE. 


rf 
> 


—Tops oF Stow ERS, SHOWING SAND TRovens, 


— 


| 
— 


system of drains running over the tops of the filters and iii: 


to the sewer through the overflow of each slow filter. _ The sand boxes 


covers of 3-in checkered steel plates ‘stiffened by angle irons 


riveted to the underside thereof, the -cover- “plates: being» in two “halves 


convenience in handling. “Manhole heads and ‘covers, 18 in. in 
diameter, are ‘are provided for | the ‘compartments containing “the weirs, and 
“bin in. heads and covers for ‘the ‘manhole opening into the filter, except 


for the main entrance, for which there is a rectangular checkered steel 


cover, 2 by 4 ft. The sand boxes: have | 2-i ‘in. drain- -tile connections at 


the bottom of each, and lead into the 4-in. tile ‘drains between two 


adjacent rows. of sand 1 boxes; these connections allow ‘the water to 


bike 
out of sand when the box is filled from ‘the -gand- washing 


Frost Proofing.- —Around the of 2.5 5 ft. 
of ‘ornamental design was on top of, the roofs of the filters, 


earth, Fig. Plate I Lin, to. a depth of 2. 5 being 
= of t top soil. 
gre grass seed, 


Exterior Finish —The visible faces of the slow filter walle 
were divided into panels s by ny pilasters ‘moulded ‘cmitaiin with the walls, a 
7 “the effect being carried around the roughing “filters” asa a wi rater- -table 
which start the _brickwo rk of the building containing the 


le e of the ‘nk. “The ‘rovgh- filtered water 
is ‘delivered. ‘to the filters “through these compartments. Drains for 


emptying the 1 water from the surface ¢ of the filters, - overflow pipes 
‘connecting a a -in. lead «ie: sewer. drains the 

“sand troughs on the poof discharge downward into the over- 


Slow: “Filter Underdrains—The underrainage system of the slow 


lines of 10- in. 


at of the filter in the 
= each nel between the rows of posts, and connecting with 
engthwi se of ‘the filter in one of 


2 
ne adjacent to the center tine a cast- ‘iron 

oye 
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PURIFICATION AT § STEELTON, PA. 


central drain to the regulating house. ‘effluent valves: es 
for - all three filters are p placed — in a special house forming a part of | 
the: structure standing on oug filters. ~The half-tile drains 
extended toa point about 4 4.5 ft. from the walls, all around, the 


| being closed, and where ‘the ey cross the central. underdrain they 


were covered with concrete slabs forming part of the tight cover of 
main underdrain, The vitvidied hub and spigot tile drains were 
oo Maid with open joints, and were surrounded with layers of broken stone, 
the first or bottom layer, about 6 in, thick, being composed of frag- 
a of crushed sandstone the largest Pieces of which \ were not more 
3 in. in diameter and the ‘smallest not less ‘than in. in diameter; 
rs second layer, 3 in. ‘thick, was formed of sandstone particles: from 


2 to oF in. in 1 diameter, from which the dust had been removed a and in 


which there were few particles larger than 3 in. in diameter; and the 


to op layer, | also 3 in. thick, was prepared from sandstone screenings, 


from which ‘the dust had been removed in which ther were 


in panei, The material we was s secured from a a a quarry at at Marysville, om 


the some es arrisburg, and in 


3 in. 1 8 in. to in. and screenings, the latter 


2 
4 


the screenings, on n sifting through ‘in. and 


sieves, p provided for all the fine material and for ‘nearly one- half the 
to #-in. gravel required; but the weight of the wasted dust from 
screenings exceeded, by approximately 25%, the w weight of 
use ful ‘enahistaii secured. . As received at the works, the materials were . 
quite dirty, and a a simple plan for washing out, the stone dust wa was 


rs foreman. This ‘consisted of a 


by the contractor" couple of f ol 


nd The two barrels were provided with a simple lever 
rangement for turning them upside down. After being filled with 
water from a hydrant, they w were suddenly upset on a cart containing, 
perhaps, 4 cu. yd. of broken stone, 29: This quick ‘flush ¢ effectively washed 
ta _ the mud from the whole depth of stones in the cart, the — = 


draining out under the tailboard. 
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valves 
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filter, but were about ‘therefrom an] up to the 
height, the finer layers of g vel eoverin, * the onarser layers 


‘Filter Sand. —The filter ‘sand was sec cured fro «the Susquehanna 


River, and required no fu rther prepar ation than screening, a: and, 


times, the mixing of sands obtained from different localities. 


Not m more 10% should bes smaller than 0. mm. in 


‘Not more than 5% should be smaller than 0.24 mm. in diameter. 


At least 90% should be finer than 0.80 mm. _in diameter. 


= ractieally all the particles s should | be finer than 1 mm. in n diameter, =H - 


Ter 


and the > uniformity coefficient s should be n not greater | than 1.6 to 1. [eee 


These specifications were written for the Susqu ueha River 


nna 
with which the writer had had much experience e; a a mo odification ._ 


these might be ‘desirable for sands from oth her localities. 
As to chemical composition, “the: Susquehanna Rive er sands: ds 
satis ctory, ‘containing k than 2% of Time and ‘magnesia, and 
5% of an aggregate amount iron aluminum in f 
to disintegrate under the action of water or chemical changes 
Broduced matters the water might contain when passing through 
the sand. The ‘analyses of the samples of sand taken after the filters 
were ready to be put i in operation are given in 1 Table 


Filter No. 3 and practically all of Filter No. 2 were e filled with 
‘sand obtained at Northumberlan from the West Branch of the Sus- 
‘quehanna, and required no further preparation than the selec- 
tion of the barge loads as the sand was dredged, those which 


ye 


a 


would would fill: the requirements ‘satisfactorily, as 


conducted ‘the dredging proceeded, a: and ‘rejecting ‘those i in which 

the sand was too fine or too dirty. Th he only, difficulty experienced with 

this sand was the likelihood 0 of containing. noticeable quantities s of 
Bes dust, shreds of bark, and friable particles, but casting it by hand ar 


er screens having “in. meshes removed the objectionable m matters to 
a which 


e frequent ¢ changes in the conditions of flow re the 


the character of ‘the sand deposited is subject: to varie 


and, before a a sufficient ‘quantity had been secured, the 


had become too fine for us 
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osed one at Nesbit, from. ‘which of ‘the by 


vashed, ‘and by combining the ‘mechanical analyses of this: and 


the ‘Northumberland s sands, it it was found that a satisfactory composite 


“sand could be made by mixing the two in proper proportions. —_ 


TABLE Anatyszs OF Sanp OF 


oN this table the figures in Column the | depth 
"which the sample was taken, those in Column refer to 
on the northeast corner | of the filter, those in Column 3 to 
samples: of the southeast corner, those in Column 4 to samples col- 
lected i in the center of the filter, those in 1 Column 5 to samples collected © 


4 in the northwest « corner of the filter, and those in Column 6 to samples _ 


collected in the : southwest corner of the filter. 


> 


NorTHEAST | SOUTHEAST NortuHwest | SoutHw we 


ty 


Coefficient. 


Siz 
Uniformity 


ormi 


niformit 
oefficient. 
Size. 


4 
4 


Unif 


‘Effective 


Effective 


Coefficient. 


Coefficient. 
Uniformity 


1.7 | 0.82 | 0. | 
| 0.30 | 1.6| 
9| 0.82 | 1:5 0.32 
0.88 | 1.8) 


> 


ae 


— 
— 
— been} 
30 
— 
— 
— 
— Ur 
— 
4 <a" 
om 
— ‘sample Be ag 
cod 
om | as! ost 
0. 0.31 a 
— 0.81 | 1.4] 0,30 4 
— 1.5| 0.30 | 1. | 1:5 | 0.30 | 14 the 
— | 0.40 | 1:8] | rem 
— 
— Mop 0.81 | 1.6 | 18) | 17) Om | 18 
0.5 to1.5 ft. 1.6 1.7| 0.86 | 1.5] 0.28 | 


a Asa an ‘example, T able 2 exhibits the analyses of the Northumberland 
and Nesbit sands on July Od, 1908, at which time the mixing - the 
‘two sands in equal proportions produced the Aesired 


Si ua Meshes, Size of separa- | Nesbit sand. Northumberland Composite sand. 
tion of sieves, | Percentage sand. Percentage Percentage 
ine m millimeters. | passing sieve. | passingsieve. passing sieve. 


= 


0 41 mm. & 


When ‘Filter No. 1 3 was being filled, the the 1 Northumberland sand had 


an effective size elt only about 0.27 or 0.28 28 mm. ~The two sands were 2 
mixed by « dumping cart Toads of each kind upon separate platforms on 


| cad “each side of a a ‘manhole, and | casting simultaneously the correct ‘relative 


numbers of shovelsful from e each pile ‘upon @ screen standing over the 


manhole. In j passing ‘through the ser sereen n and falling to the filter below, a 


the ‘two sands became thoroughly mixed, as will be seen from an. 
of the analyses i in Table 
The sand was delivered to the filters in one- two-wh 
It dumped through the manholes, a 
layers, care not to compact it unevenly. 
face, ‘Fig. Plat leveled off wi 


practically uniform ‘elevation, final 


no 
remove mussel shells, bark, ete., before being placed in 


the filters, 


The total ¢ quantity of for the e slow filters 
3 989 tons, in ear Toads, and made, in the filters, 2 953 ¢ cu y 


contractor in the matter of s this 
bare 


=! 


“34 
= 
= 
| 
re 
2.0 to rake the 
‘running at its best, is 
iia 
14 
Was 


ae, = _ sand, the writer kept an inspector at _— sand dredges, whenever sand 


7 i was being secured, d, during the entire period covering November and 
1907, and J anuary, April, May, J une, a J uly, 1908 ; 


9 


ctual dredging ‘operations, however, w were to 9 days 


TABLE 3.— ANALYSIS OF Sampras OF MBER 


Meshes, Effective size of Weight o of sand. 


Ag 


Note.—Effective size, 0.31 mm.; uniformity coefficient, 1.37: finer mm., 2.5%; 


finer than 1 mm., 99% than 1.5 mm., 99. per cent. 
total inspecting sand, including the salary a the 


inspector, his board, and tr raveling e: expenses, was 9. per 
net 13.0 cents per cu. yd. As the sand was running, a a satisfactory in di- 
of its char acter was obtained by a analysis of one 


sample t to about each 30 cu. yd. ‘dredged. The sand was sampled on the 


barge before unloading, each ‘sample being composite of samples 


collected at four places from freshly « exeavated faces in the 

sand as piled on the barge, and collected so as to be representative of 
the material for the full “depth: of the pile. These samples were then 
re): ‘thoroughly mixed, the sample for analysis being taken "therefrom, 
dried, l, and sifted ‘through carefully rated screens. re 

Sand obtained i in the river deposits i in the of Harris: 
burg could ‘not have been used without expensive ‘preparatory treat: 

ment to. remove the fine ‘material, as its ‘effective : size usually runs 

from about 0.23 to 0.24 mm. Te remove some of the fine material, 


washing i is necessary, ry, the total waste ranging from shout 10% to more 
: than 50%, depending largely on the quantity of coal dust in the sand. 
sand from Northumberland, being obtained from the ‘West Branch 


_ above the junction of the North - Branch, is free from coal, and is also 


“coarser than that obtained farther down river. 
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Controt of Slow Filters—"The effluent pipes pass be beneath 


“the fi floors of the slow filters, and each terminates i in its: own regulating 


chamber with sluice-gate controlled from a valve- stand and 


wheel o on the floor of the e operating room. The rate of filtration 


= filter i is ; controlled by « causing the filtered water to flow through a 
‘submerged orifice, Fig. 4, 8 in. in diameter in the end of an ‘outlet 
pipe having: swivel- joint at the “lower end, Plates XLVIT a and 
XL Vim, and discharging through a ‘gate-valve into a filtered- water well | 


common to the he or orifice end of the swivel-_ 


-3 


= 


P NA"brass rod 


galv. iron vent pipe 


— 


I'bronze pin Screwed 


into flangg as shown of 


REGULATING ORIFICE 


FLOAT FOR 


hs SLOW-FILTER EFFLUENT PIPES | 


“treat: “enter of 8-i -in. . orifice is adjusted to > stand 9 in. below 
surface of the water in ‘the > effluent well, at which ‘depth, with a free 
isc charge through the orifice into | the atmosphere, the filter will deliver 
more. L500 000 gal. per. day to the outer x well. If the pumps in the 
Pumping station do not take the water away as fast as the three filters % 


= f urnish it, , the water rises in the outer well, submerges the See : 
and euts down, ‘the head by an amount ‘sufficient to > keep the 
‘the plant ‘being capable, ther efor 


4 


1g 
ND 
ND 
= Ti 
from a float resting on 
| 
Branch § 
| is also” 
| 


“mum ‘for which the plant designed, namely, 1500 000 per day 
“per | filter. In order to prevent any « draft-tube effect in in the eff effluent pipe, 


ee between the effluent well and the outer filtered-wa water well, a Q-in. 


ee -galvanized-i iron pipe is “connected with the swivel- -jointed pipe at a 


‘point below the orifice, the. of the (2-1 in. pipe being adjusted 
80 as to be always above the water level i in n the effluent well , whatever 
position the the float may take; this assures a discharge into the atmos- 
phere v whenever the difference i in n level of the water between the effluent ¥ 


wel and the filtered- water well of. any filter exceeds 1 ft. 9 in. i 
ae Gauge Boards.—The rate of filtration and loss of head are are indi- 
sted on n scale boards, Fig. 1, Plate LV, carried by bron onz i 
4 


= to floats in ‘the different. compartments of the Teg 


house, as described for ‘the roughing f filters. As sampling pump, 
‘to those f for ‘the seughing filters and the raw is provided 


a ‘The filtered water leaves the central : Siltered- water well through a 
= zr 24-4 -in. wood- stave pipe leading to the new pump- -well at ‘the pumping 


we 
- a = station, a , a sluice- gate being provided at each end of this | pipe lin 
cr Sand Washer. —The s sys system of handling ag the sand v 
filters require ‘cleaning is not new in principle, but differ 


materially from those other plants. Portable eje 
with water at about 100-Ib. pressure from a line of 4-in. 
pe, Plate Lit and Fig. 2, ‘Plate 


each, slow fi filter, through 3. 1 bronze hos 


hose, lift the dirty wena and transport i it to the sand- -washe! 
dirty sand, having been shoveled into piles i in the ‘ler, i is cast into oe 
hopper of the portable. ejector, is picked 1 up by the jet of water passing — 

through the ejector, and ‘delivered through a line. of 4-j in. wrought- iron 

- pipe to the sand- washing hoppers, Plate XLVIII, ‘and Fig. 2 , Plate 


in the second story of the slow- filter “regulating house. After ter 
a passing through two hoppers the e washed sand is forced by a jet in the bot- 
7 a om of the second hopper through a line of 4-in. n. wrought-iron pipe, e, rest- : 
hag ing on the roof of the three filters, to hose-valves from which lines of mee 
is ey may be laid to ¢ discharge the e returning cle clean sand into the compartments 


the sand running lengthwise of the tops of the filters. 
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WATER PURIFICATION AT STEELTON, PA. 


-_ and 1 slow filters, as as well as 


in one corner ‘the slow- filter operating room, nd discharge i into” 


the sewer. The provisions for heating ‘required boiler capacity with 


agula "solution from 32° “to 10° 
in hour. is ‘to carry 100 lb. of steam, 
and ™ provided with s a reducing valve, on the steam- heating connec- 


coils and radiators proportioned to. ‘maintain 


3 tion, , set at 5 Ib. . The 
the ‘machinery and operating r rooms at a . temperature of ‘70° and the J 
-coagulant- -storage room and the sand-washer room at a temperature 
58° when the outdoor temperature is at ‘zero. toilet-room is 
vided with a wash- basin with cold- water erections and a steam con- an 


ae for securing ho hot water, and a low- -down tank closet. ore 
CONSTRUCTION. 


No special difficulties were encountered during “construction, the 
- bearing value of ‘the foundations proving satisfactory for th the == 


light loads. they are required to carey. There was comparatively little 
“ground-w water in any ¢ of the work, ‘although the permanent ground- -water 


: level was was barely below the floor of the excavation for the slow filters; 


in fact, a a modification of the @ design of the main unc 


considerable the. ‘site of the slow filters “was, in 
early days, a low swale which had ‘been used subsequently as a dump- 


eround for ‘slag, ‘cinders, ‘and ashes from ‘the steel works, and 
owing to the presence of these materials, which had had such a 
_ time to become thoroughly settled, that s t satisfactory foundations : 


were secured without extra a work, — 


Leakage — Before the ‘sand was | Placed i in the : slow filters they were 


filled with water from the : street “mains up to the level required for 


water from the street being shut off and the drop 


in the surface level being observed. was: not. expected that the 


filters would be perfectly ‘tight, owing to the 
in blocks” about 11 square, with no special provision for 


vertical tubular boiler standing in the second story of the slow-filter | 
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STRELTON, 


three filters was about the same, and agaregated about 0.66 of 1% of 


the nominal daily capacity of the plant. tests to determine the 


amount | of ere have been made since e the filters have been i in 


of. the PlantThe we re co in July, 1907, 
response to advertisements, three bi ds were opened on August ' 
aggregating $71: 85, $80: 482. AS, and $89 592. 59, respectively. 


The contract, which was awarded “August 14th, 1907, to the Bunting 

"Construction Company, of ‘Flushing, stipulated that the work 

should be completed within 6 months from the date of the contract, 

February 14th, 1908. Va arious delays resulted, however, and it 

was not until the : middle of ' September that the ‘Plant could be put in 


om the. final estimate to the contractor being dated September 
24th, 1908, and amounting to 70 730.87. This, however, did not repre- 


full cost the w work, as t the installation 0 of the centrifugal 


pumping station, and 
ie repair weil: on the checkered steel covers on the slow filters, were = 


= by the Water B Board outside, of the ‘contract. In addition to ‘the 


ae above ‘items, there were the cost of and of engineering and 


“incidental expenses, which | were high, by reason’ of the fact that the 

occupied by the contractor in the construction of the plant was 


more than twice ‘that in which the work should have been 


; ‘The following -are the p principal items s making | up the cos cost of ma — 


Excavation, grading, roadways, sodding, ete... $3.93 6.88 


d-stay 


‘Filter’ regulating "devices, coagulant 
and lime- water apparatus. 2 650. 


Superstructure over er regulating houses, ete, 


including” steam heating, lighting, and 
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Filtering -underdrai 


Extra work 
A 


= 


Of ies bove amount, $57 000. 00 is the cost of the purification | 


OPERATION, 


later i in the da and was started again on September 16th, 
since which | date. it has furnished filtered water continuously. a 


The 
intendent and two filter attendants, the working 12- hour 


shifts. When the slow filters require seraping an additional foree 
is. taken on men. working under the direction of the 


the 


e permit for the ¢ 


should be “operated for a le period 4 of its 
designer, and in compliance with ‘this condition the writer instructed 

the superintendent. and attend ants in their duties, ‘prov ded specific, 

instructions ‘regarding the manipulation of the “roughing and ‘slow 


filters, and the handling of the coagulant, and. has advised with refer- 


was used in connection with the op operation of the & ions, the 


raw water “ite turbidity exceeded parts per million, 
the continuance of its use for much lowe 


 Papers.} WATER PURIFICATION AT STEELTON, PA. «607 
ely. 
sea 
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The was put corvice on September 19th 1908 but was 
vere . 
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to special features Of the operauion whenever necessary. 
uantity of Coagulc 
4 


bacterial analyses showed 5.000 or more pe cu. em. n. in 


It is the intention, in dosing with coagulant, to 


use” a sufficient quantity to produce an effluent from: the roughing 


filters having a a turbidity of not more than duviedh of that of the applied 


- water, er, and not, in any ease, more than 25 parts | per r million, regardless 
» f the turbidity y of the 1 raw water. a has” also” been found ‘desirable, 

¢ ticularly during the winter and the cold s spring weather, to. ) manipu- 
at the dose of coagulant sO as to yeodnne an effluent from n the — 


it 
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nate 
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4 


: 
7 
ing ng filters having a ccaitahess of — zero, as by this means the 
saad of ‘the slow filters are = greatly lengthened 2 and the « cost of 


operation is not increased by the use of the comparatively small 


additional amount of coagulant necessary to | secure this result. 
The quantity of coagulant to be used is determined | by the -super- 
_intendent from diagram, Fig. prepared by the writer from data 
originally during “operation ‘of the Harr Testing 
Station, in 1902 1903, ‘bal ‘modified somewhat to t ake into account 
_ the difference in the character of the filtering materials, and the 


slightly. of raw water at the Steelton intake; the 
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WATER PURIFICATION AT STEELTON, Pa. 699 
diagram m: may y require fertne on modification as additional knowledge i is 
- gained during the operation 1 of ‘the e plant. The dose of coagulant indi- 


cated by the low est curve is for application during the summer when 


the turbidities do not 1 rise very high, or or very § suddenly. The dosin, 
indicated by the middle curve is ‘required w when the 
rapidly, during the first parts of the floods in fall, winter 


spring; the dosing indicated by the upper oe e r sus 
is falling, afte er the passage of a 


‘the 


The superintendent must use judgment in determining the proper 
= of coagulant. The character of the turbidity of the river water 
comes so greatly and changes so quickly that « a dose > satisfactory with 


ag giv en ven clay, turbidity, say, of wand parts es million, might aire alto- 


_ too ‘much for an equa 


— 


also, particularly after protr 


caused largely by the fin es vegetation 
ose from the rocky r bottom: is particularly difficult to 


q 


reason of its high clogging value it ‘matted 
‘Upon the filter popes In order to keep the plant 3 in efficient opera- 


ai 


the roughing too rapidly, | or increase the quantity if condi- 


hen to Wash the Roughing Filters. —If, when ‘coagulant i is being 
ote to the raw water in the prop proper amount, » the effluent o: of a i 


roughing filter shows o objectionable turbidity, indicating the pas passage > 0: of of 
coagulated material through the filter bed, the filter is 
otherwise, ‘it is in until the 1 ‘maximum 


a Testing Station, that th 1ese coarse- -grained filters act very 
3 much as settling basins with bottom areas of great extent. nt. Th 

earried the filter by the entering water 


granules the filter bed through — its entire depth, and one 


e mud 


— 
ed 
to 
if 
* 
Ibe noticed 
ties are falling than when they are rising, on accoun finer 
® character of the turbidity and the persistence of high numbers of a 
4 
a 
= 
7 
ae 
— 
op 
mall 
data 
ting 
ting 
count 
i 


ments — their operation is to prevent the ; 
= g of ‘this ediment through the filters by pushing their op persion 

rapidly, too great losses of ead, or 


increasing ‘the rates of filtration. To prevent most of these ‘evils: 


mechanisms a at the plant limit the loss of head to about 5 


Regulation of Coagulant Dosing —The “quantity of solution re- 


quired to supply a given on dose of coagulant depends ‘on the quantity 


‘of water being filtered and the percentage 


ORIFICE 


Lit 


ution 


- 
¢_Solution| 


CN 
TS | 
TERT 


NY 


KAY 


LA 


Ny 


NSRANS 


per day of 24 hours 


= 
2 


in feet above 


Centers of Orifices 


Orifices,and Discharge 
Head, 


ae Directions: A intersection of water consumption and required dose _ 
ss @f coag. of given % strength of solution, then follow vertically down to © 


_ Intersection with one of inclined lines and read head Tequired on scale 


nowing these, ‘the re requisite quantity of ‘solution is 1 measured 01 ‘out by 


ontinuous- discharge through orifices in the ; glass” plate forming the 
front of f the “measuring box, the ‘size and as well 


as the head” required to give the necessary dose e, in gra ns per gallon, 


ascertained ‘superintendent from a di 


a 


iagram, , Fig. 6 


> 


— 

— 

— 


in river water, with the aluminum sulphate, and a 
resic u 1 alkalinity i in the water of about 6 6 parts per million. - The free | 


and alkalinity are determined by the methods recommended by 


to Coie on Standard Methods of Water Analysis, o: of the Ameri- 


can Public Health Association. Knowing the dose of aluminum sul- 
“phate being used, having” ascertained ‘the » alkalinity 


water, and the amount of 1 free CO, carried, reference to a diagram ~ 


including all these data will give the quantity of lime required, 


“the is a ‘diagram similar to ‘he coagulant- 
d 
losing diagram 


lame to be slaked daily tc ‘to produce # the requir d 


for different dosings and different d 


consumptions of “water, 


milk of lime through the funnel and ‘the bottom 


lime- ‘mixing tanks. The strength of, the lime-water_ solution is 
bk tested from time to time by ‘the u usual simple chemical | test, § and 


it should be kept u up t p to full s strength by y the attendant 


Another diagram gives the number of pounds of aluminum sulphate 


required for making ‘solutions o of different percentage strength, t the 
of the tanks having been calibrated for the Purpose, 
Simplicity of the Dosing System- 
on ‘the part of the ‘superintendent the operation of the 
3 “the rapid changing of the dosing, when required, can be. effected w ith 


falls sometimes too low to permit of the decomposition ot the requisite 
dose of aluminum sulphate, and provisions are made to add, at 
times, sufficient milk of lime to supply the deficiency in alkalinity. = — 
— 
: 
= 
iia 
Be 
— 
| 
add this dose of lime to the raw water in a saturated solution is 
= 
is 
determine y the superintendent Irom another diagram, small quanti- 
a &g i 
ell 
be aceur: 1 without the likelihood of from faulty calculati  «g 
ee ‘The lime-water and the coagulant solution are admitted to the = [im 
were _ water practically together. The conditions requiring the use of lime #7 
eae _ being comparatively rare no great pains have been taken to go into —— | 
-Tefinements in the use of lime that would be desirable under conditions 


Reduction v of Alkalinity by Coagulant. te the proportion of the 
a coagulant rendered inactive through its. absorption by suspended 1 mat- 
- ters in the \ water, sufficient data have not yet been obtained at the 
ou Steelton plant to speak authoritatively, but it is believed, from 
aa indications, that the reduction of alkalinity of the raw water, instead 


ae of the theoretical 8. 2, will probably be about 6 parts, per ‘million ay 


grain coagulant ‘used, as observed | at the 


- during the past three years 
1902 and 1903. 


must be operated in a manner re an 7 
turbidity and bacteria to be itis ly by the 
slow w filters, their operation: must contr olle in a manner to 


“x4 


between. washings, otherwise the 


plant could d not be ke kept going during periods of very turbid water, 
little experience i is required to this be dene, but it presents 
no practical difficulty with any range of conditions thus far encountered 
the Susquehanna at Harrisburg and Steelton. ‘The highest tur- 
_ bidity experienced since the plant has been i in operation occurred in 
- the forenoon of Jz January 26th, reaching 1 600 parts per million, remain- 


: ie a at that figure for about 5 hours, and dropping by steps to 500 parts 


‘sufficiently long periods ‘of oper 


Mie 


rs, The shortest run n during was 


— 


about 700 The first water the ‘plant was ‘was 


— occurred about J anuary ‘8th, ata time when n the writer was wal 
to be present, and, owing to the deterioration of certain 


turbidity standards, the he turbidities of the raw water and of 


efilue ents from ‘the roughing filters were incorrectly read, the 


number of bacteria gh ‘both the filters 


Records of ‘January 23d, 1909, with but very few 

exceptions, the coagulant | has been properly “applied, a and the 
= results obtained in ‘the removal of turbidity are ‘exhibited in 


‘Table 4, which ; gives s the hourly records of the « operation of Roughing 
Filter No. 1 a runs Nos. 58 to 81, January 26th to 31st, 1909, 
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URBIDITIES, IN PARTS 
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LENGTHS OF | 
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HRouGH Runs Nos. 58 To 81, January 26TH TO 81st, 1909 


-| Day. Hour. pee — 
| 


PAL 


STEELTON, 


AT STEELT 


- 

=) 
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IN PARTS 

LON. 
-|Percen 
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removal. 


MILLION 


cw 


ENGTHS OF 


L 


‘ 


62 62 62 62 62 62.02 62 
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LENGTHS OF © 


“WATER PURIFICATION STEELTON, PA. 


‘TURBIDITIES, IN PARTS 


Percentage 


‘used, in 
grains 
per gallon. 


ours.| Minutes. | 
Hours.| Minutes.; I , 4 
% removal 


sess 


“included in Table 4 were too short, and, with 


the experience since mapeosne in handling the plant, particularly ‘the 

could have been 


difficulty. 
The complete records of ‘the operation of Roughing Filter No. 1 by 
runs, September 12th, 1908, to February 3d, 1909, are given in 


Analyses —There is no -Iaboratory for chemical and — 


at at the plant, but. an "arrangement has been made by which 
samples: of the raw water, the rough- filtered water, the final- filtered 
water, and water secured from a faucet i in the: borough, are collected 
cand examined by the chemist and bacteriologist of the 
‘Filter Plant once each week, and ford ‘such other times as des 


and filtered- water s samples, five -cu. em. | ‘sowings usually being made 
each sample; the tests for turbidity, free CO,, and alkalinity are 
made at ‘the plant by the superintendent, who is a skilled chemist. 
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Air Wak he roughing filters, when clogged, or when ‘not yield- 
‘ing a satisfactory effluent, are cleaned by washing with air and | water, 

first ‘shutting off the raw- water supply and then, if pushed for time, 

opening the sewer gate and wasting the water — the surface of the rm 


“filter, down to the level of the wash- -water + troughs. m The filter, in the oa _ 
meantime, | being in operation, is allowed to run wall the surface <e. 
- the water 01 on n it has | dropped about 6 in. below the edges of the wash- 
wer nels the | effluent gate is then closed, and compressed air . 
is discharged into the underdrains ~— the air receiver. r. The. comp = 
4 air is stored in the at a a pressure of approximately 100 Ib. 
per sq. at ‘the beginning of the wash, ‘and is discharged through a 


‘i set at about 10 Ib. on filter side of the valve; ‘this, 


“however, does not represent ; the pressure at which the air is —— 


7 


small pipes eading to the filters. 


filter: through the ‘orifices’ in the bottom of 2-1 -in. 


Pipes 1 1 in. above the | floor of the filter. The bottoms of ‘the 


ieee lyi ing yall i in n the same plane, the air issues from the orifices only, b- 


* it is forced out by the pr pressure in the delivery 1 pipe, its tendency 

te issue by it its own buoyancy being overcome by placing the > orifices: 7 

the bottoms of the ] within limits, therefore, it is possible 
deliver | to the filter uantity of air desired, and to have it issue 


all the in the underdrain pipes with practical uni- 


-formity. The application 0 al until the contents 


"which takes ‘ae 4 te 5 min., as ; the e reducing valve i is now set, and this 
corresponds to approximately 2 cu. a ft. of free | air per square f foot of 
filter surface per minute. for, as far 


as can be ascertained, there has been no tendency for suspended ma mat-— 
_ters to accumulate j in 1 the filter permanently. The objection to the use 
of a large quantity of air, or to very. heavy air washing, is the likeli- > 
hood of the disturbance of the gravel underdrains to be followed by the - 
some of the : ng material; and the tendency to aid in produc 


allowing some. portions t to “clog” up completely, and increasing the 


velocity of filtration through the “more porous parts wah an extent 


to render the fil ineffective. In | 
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WATER PURIFICATION AT STEELTON, (Papers. 


7 filtering materials in the roughing fi filters, using a rake while hile the w wash- 


water, is being “applied this | dissipates effectively any ‘tendency of ‘the 


‘materials to to ‘collect i in vertical strata, and maintains the porosity y and 7 


Water- Wash.—. 


"filtered water from the street The water is s applied through aa 


underdrains, and the dirty water overflows into the wash-water troughs 
thence to the river through ‘the sewer. The ‘wash- water is 


_ ordinarily a applied ata a rate equivalent t to about three and o1 one- e-half ‘mae 
the ra rate of filtration, o or t between 8 and 9 vertical inches it in n the filter 
ee minute, the duration of the water- wash being from 5 to 6 min, 

the quantity of water, used per ‘wash about 10 000 gal. In addition 


to that: used for washing, about 5 000 are the surface 


have t to be washed frequently. ee Tt ‘cannot, 2 as ery ube told with 2 accuracy 


just wl what percentage of -wash- water will be required. during the year, 


‘but a a “prediction of the quantity can be made from data secured at 


_ The number of washes sequined will depend on the turbidity of the 


raw water, as this causes the clogging of the filter and necessitates ie 


the “Harrisburg Testing ‘Station, and at the Filter 


: 


TABLE 6.—EFFEcT oF OF Raw W Warm 0 ON Laxorns oF OF 


TURBIDITY OF APPLIED WATER, IN ‘PARTS Number of 
PER per year when suc 


be expected to 
4 


days. 


Lengths of R 


in addition 0 the Testing S Station, 
i indicate that the uns from the roughing filters, when 
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WATER PURIFICA ICATION. AT ‘STEELTON, PA. 


ing at a rate of from 75000 000 to 125 000 000 ) gal. | ‘per acre per day, 
“would be ¢ about as shown in Table 6. Column 1 indicates the range 
of turbidity of the raw Ww vater, ‘Column 2 the : average turbidity, Column 


8 the ‘approximate number | of days pe per year when s such 1 turbidities may 
% be e expected to prevail, a ‘and Column 4 the leng gths of runs of the re rough- | 


a. Using the data in Table 6, 428 washes” per year per filter r will be 
required, calling for a total of about 6 700 000 gal. of wash- ee waste- 
“water, assuming that the water on the surface of the ro aa filters — 
is wasted at each wash. — As it takes about 15 min. to wash a filter, — 
the necessary | lost time for the 428 washes would 43 Gaye 


“output of the filter for the year. 

The longest 1 run yet experienced was about 24 days, and the shortest 7 


hours min. is believed that with more experience ‘the shortest 


not be less than about 4 hours. 


TABLE verace Dose or 


IN PARTS PER MILLION. days per year Average dose of | Average dose 
when such tur- | aluminum sul-| oflime,in 
bidities may be | phate, in grains| grains per 


101- 1500 
151- 2000 
201- 250 4 
251- 500 
501- 800 
1 2004 1 400 


Dose of Coagulant.— 


n 


nT 


$20 per ‘ton, 


average cost for coagulant as ‘Per million gallons. For the 
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1500 000 cal nor dav itm 
face | 
J 
rear, 
at — 
ant. 
— 
the 
the 
= the data thus far secured, it — 
appear that tne average quantities of ssary 
operation of the plant would be about as shown in T 
= 
wok 
| 


WATER PURIFICATION AT STEELTON, 


first year the quantity required will fall far short of this figure, the 


average dose from September ‘16th, 1908 , to April: 18th, 1909, having 
been ‘but 0.22 22 gr. ‘per gal. 


: 4 | Effect « of Turbidity on Initial Loss of | Head.— The initial loss of 
head, at ‘commencement of operation of a ‘roughing filter, is not 
7 affected either by the turbidity of the raw water or the, quantity: of 


aluminum sulphate “used, the 2 effects of these two factors being ev evident 


only in ‘the rate ‘at which the loss = head increases, and consequently 


in the lengths of the runs, 
Effect of Rate on Quantity Filtered. —The rat rate of filtration affects 


only | slightly the | total quantity of water that may be filtered | — 

washings of the roughing filters; whatever slight effect there may be 
3 apparently indic ates that somewhat larger quantities can be filtered 
between washings at high rates than at low rates, but, of course, at the 


expense of somewhat more frequent washings. a 


OPERATION SLow ERS. 


filters “are operated. on continuous plan, the 


The method of regulating the rate of filtration need not be again ; 


"described, it being sufficient to state that the yield of the slow filters 


7 _ responsive to . the draft of the municipal high- -pressure pumps, up to 
 & limit of the discharging capacity of the regulating devices on the 
filters. . As filtration proceeds, the slow filters gradually clog up, and 7 
ie loss of head increases ; + 3 provision is made to allow for a a . total loss 


head ft. i in peg is the the 


8 
give en nin T Table it will seen ‘that the of 


the of head proceeded with comparative slowness during Septem: 


= bee, ‘and November, while during December the occasional 
: increase in turbidity of the Taw y water began to have its effect 0 on 
clogging, bringing the total Toss. of head up to about 2 ft. on the last 

day of December. January, 1909, during which there were two 

te periods | of bad water, the loss of head increased to about 6 ft., a gain 
4 during the 1 month, and it became necessary to start serapin 


— > 
— 
| 
— | 
— 
— 

| 
> 
] 
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— 
g 
rs were put in operation on Septem- 
— rds.—The slow filters were pu 
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WATER PURIFICATION AT STEELTON, 


‘filtration was continued for a time to iow the water to 
a sufficient distance below the sand surface. — aad eh 
TABLE 8. —Rroonp or OPERATION or Stow No. 1, SEPTEMBER 


-16rH, 1908, ro Fesruary 1st, 1909. 


Time in 
service : 
Hours. 


DS: 


S288 
= 
—) 


ae 


0.68 


‘| 


L 


( 
0.75 

0.85 

1.70 

1,50 

1.33 
1.95 

2.07 

2.09 

2.20 


nd rem Ww 18 cu. = 124 cu. yd. acre. 
jonal 3 Quantity filtered during run = 71 000 000 gal. 
onan oe Millions of gallons per acre filtered between scrapings = 491. 
et on Average rate of filtration = 2 628 000 gal. ‘per acre ¢ acre 
Net area of sand surface =0.1446 acre. 
‘ Wasted from surface of filter for scraping . 
ater drained out, and water used for refilling from 


Scraping. —Filter No. 1 was scraped by the superintendent of the 


i ant and a force of five men, ‘the actual time ‘occupied in piling up 


ie On the morning of Januar th, therefore, t u i 
g 
0 
a 
of — 
mi 535 | 500000. — 
— 
gain 
aping. 
— 


WATER PURIFICATION AT [Pa 
the s serapings Teady for transportation to the washer being 3 hours, 
or -at the rate of about 7 sq. ft. of filter. scraped | per man per minute. 
The: scraping on this alter was s rather | deep, : averaging nearly an inch, 7 


and being than 3 in. in _ very few places. A portion of the extra 
4 scraping was ‘made necessary by the of one of the 


= manhole covers into the filter early” in January. This caused a “great 


disturbance of the sand, over an area of perhaps 100 ‘sq. ‘ft. as the 


cover when it struck the water and penetrated the bed on 


its lower corner having ‘reached almost to the gravel under- 


a drains. The cover was is taken 0 out, and all th the discolored sand which had 
been driven down into the bed’ ‘from the -achmiitedecke was dug out 


Transportation and WwW —The ejector and washing 1 


or. 


worked ‘satisfactorily as t to the: handling of sand d, but, as. it 


e, the e men did x not attain: a high degree of 


in its operation. It is believed that greater r familiarity with 


its use, and the proper reg gulation of the relative force of the different 
_ jets, w will permit o of ha indling the sand much more rapidly and efficiently 


than was thos. Tito to tal 1 quantity of sand removed from ‘Filter No. 1 


u. yd., 0 or 124 cu. yd. acre of filter ‘surface, to trans- 


port. which. to the washer, wash it, and return m it to the 

_ troughs on ae this filters occupied about 8 one man attending 
to the sand washer, one to the I hose returning the sand to the sand _ 
troughs, one raking the ‘scraped surface of, the filter, and an average of 


three shoveling the dirty sand to the portable ejector. 


‘After the sand for one filter had all been washed, portable 
ejector was taken en apart and an irregularly: shaped stone, , which had 
carelessly been left in one of the water mains, was found we wedged in the | 
“nozzle. This” had caused the deflection of the jet of water: ‘so that 


a ‘the ‘throat on on the discharge | side had been cut deeply. te After the throat 
been 1 he with a new one, the original capacity of the =e 


= 


ping and transporting of sand to the washer — 
filters procee eeded with more 


in. ‘the front. of the throat ‘increasing ‘to 18 in. 


diameter at ‘the back end of t the: throat, 7 in. from ‘the face; ‘the 


nozzle and in. ap in 


— 
— 
— 
— 
— 
— 
24 
— 
f 
— 
Wg 
—— 
— 
4 


in a of about 6 


‘The nozzles for the sand washer have a 18.in. jet, and the throats ~ 


‘reduce from 14 1 in, to aU in. in diameter i in 1} in., increasing to 12 in. 


in in. The portable. ejector and the washing hoppers were supplied 


by. y. the Norwood Engineering g Company, from designs by Allen Hazen, 


M. Am. Soe. CE, _ originally worked out for the filter plant at Wash- “a 


Do, and containing ‘recent improvements suggested by Mr. 


‘Hazen, | The washing plant consists of only two hoppers, ‘and practi- 


cally all the washing is done in the first on one, the sand as it is thrown : 


to the second hopper from the first being sufficiently clean to be used 
the ‘filter. 


in the The wash- water overflows the second hopper with very 


>. The lift from the portable ejector | to t the top of the siecle 


into, the washing | hopper is is about 15 ft; the second washing 


to the troughs there i is a drop of about 6 » 80 1 so that com- 


paratively little pressure is is required to tra: nsport the the 


sand washer back to the sand bins. 
The washing hoppers are provided with auxiliary jets at bottom 


to compensate for the quantity of dirty 1 water - actually { picked up by 


the jet and foreed through to the > succeeding hopper, the auxiliary jet 


also ser serving the purpose of stirring up the sand at ‘the bottom of the 


pper so as to facilitate its transportation by the w: water jet. z ‘The dirty 


Water ove: erflowing the washing passes 8 thro 
crete eae in order t o catch such sand as may 
water the “wate er fren 


‘out of 
footprints and give a ‘smooth even ‘surface, filtered water i 
admitted ‘through the  underdrains until the ‘surface of the filter sand 
is covered. about 2 in. in depth; the raw water is then earned a 
at first, and the filter is refilled to its proper anon depth with the 
of Piltration— starting this filter i in operation after 


| 


aping, ‘the effluent: control valve was s regulated so that the filter would 
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“[Papers. 


— its” “rate- gauge, 800 000 gal. a day, it ‘being 
_ necessary to choke down the discharge of ‘the clean filter to a @ proper 


rate because the two other filters were very much clogse ged up up and 


could not yield ‘their r proportional part of the wa water er without a loss 


of head of 5 or 6 ft.; with such a loss of head the clean filter would. 


at once start: off with its maximum mum allowable ra rate, which w was deemed 


inadvisable, the filter being | so new, and having | been | started in opera- 


_ Lengths of Runs. —Filter ‘No. 2 was scraped on | February | 2d and 


was put | back i in in service on February | 3d, and Filter N No. 3 on ‘February 


: 4th, 1909. The’ lengths of runs of these three filters, ‘therefore, 
7 135. 5, 187.5 and 140.5 days, respectively. Bn Filter No. 1 delivered during 
its run 710 000 000 gal. . at an average rate of 365 623 000 gal . per acre 
- daily, the total yield ld corresponding to 491 000 000 gal. pe per acre between 
scrapings. ‘The figures for the 1 other two filters were a trifle »larger. 


The » total quantity of water er wasted from | the ; surface ace of the filter 


prior to scraping, and the quantity. used for ‘refilling the filter from 
below, in operation : again, corresponded to 0.14 of 1% 


ers have ‘now (May 10th, 1909) in service 


e last (and only) scraping, and the loss o of head 


_ The: efficiency of of the entire e plant, in the removal 0 of turbidity and 
bacteria, i is exhibited in ‘the daily records given in ‘Table 9, which | 


from November 1st, 1908, for the reason that no bacterial 
analyses were made prior to to 5th. = 


The efficiency i in the removal of “turbidity, hes. been 100 | per cent. 

ow was low and the bacteria w were not numerous, the effluent water was 
a satisfactory The s same is true during Ja nuary, » Wi ith the exception . 
pa eek when, as has already bee en ex plained, the superin- 


eived by the deterioration of his silic 1-turbidity stand- 


November and December, v when the seaaelaty of the raw Ww rater 


qu. antity was ‘inadequate to 9 produce as 


Filters Nos. 1 and 2, which had been seraped, No. 2 within two ) days a 
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AVERAGE TURBIDITIES, IN BACTERIA, PER 


PARTS PER MILLION: CENTIMETER: 


4 Alkalinity of raw wat 


of 


filtered 
mel 
gallon. 


Filtered water. 
, in grains per 


ater. 
tage of 


Average dose of coagu- 


Percentage 


|: 


Rough 
water. 
Filtered water. 


Raw water. 


Percen 


removal 


Rough- 
; 


lant 


| in parts per million. 
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 *Filter No. 3 out of service for Filter 1 was scraped on January 30th. and 
q 


= 


— #8 8. 
| 5 800 4 125 100 4 %. oe 
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AVERAGE TURBIDITIES, BACTERIA, 
IN PARTS PER MILLION: | CUBIC CENTIMETER: © 


4 


water, 


water. | 


of removal. | 


Filtered 


Rough- 
Free CO, in raw 
per million. 


filtered 
grains per gallon 


Average dose of 
coagulant,in 
Alkalinity of raw 
water, in parts 


per million. 


water. 

Percentage 

of removal. 

Percentag 
water, in parts 
Average dose of 
jime used,in 
grains per gallon. 
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AT _STEELTON, PA. 
} The i 
ual samples the a 1 and Qs howed the following 


No. 1, L, put in ¢ January 


Filter put in service February 3. 


Sample No. 2... .. 185 


a 


eT slight improvement shows i in the efiuent of the older filter. 
‘The efficiency i in the removal of B. Coli is + shown in Table 10. 0. 


‘TABLE 10. —PresuMprive TESTS FOR OF Be Colt IN THE 
WATER, Furep V Water at Fitter Puawr, Tar 
¢ 


Number of Positive ve Number of Positiv Number of | Positive 
1-cu. em. indica- 1-eu. em. indica- | 1-cu.cm. | indica- 
sowings. tions. | sowings. tions. sow wings. 4 tions. 


Nov. 20, 1908. 
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anuary 11th a, and J anuary 15th v was in part, due t to lack o 


use of, coagulant in the preliminary process. 
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WATER PURIFICATION | AT STEELTON, PA. 


we 
a manhole cover into Filter No. 3 3 on J anuary 1st, howorer, may hi have 


contributed to the deterioration of the effluent the early part 
Thus. far, no chemical analyses have been made 


and final filtrate at the Steelton plant, and no data, therefore, 
have been ‘secured on the degree of n nitrification accomplished, or on 
other usual changes is evident that between ‘periods 


of turbid water, coagulant is being used, the slow sand 


through | the roughing filters, among which would. be bacteria, in 

this respect the work 1 required of these filters wil differ from that 

performed by the ordinary slow sand filter. During the past few 

months no visible suspended matters in ‘the rough- 


nearly all plants using 


‘trouble, either continuously ‘or intermittently, has 


been 
with discoloration of the water, generally, only the hot water, by iron 


rust. This trouble has been m more or ‘serious at Harrisburg, ‘Pa., 


‘Watertown, N. Y., Chadutes, 8. 0, Hackensack, N. and var ious 
other places. Thus far, there been no trouble of “this so ‘sort. 
Steelton, sldiowii at times as much as 2 gr. of anne sulphate has” 


dently te obtein accurate data, an | approximation for ‘on 
averag year would | indicate an expense, “per milli on gallons, when 
filtering 3 000 000 eal of water ¢ daily, about a as follows: 
SIS OF Finrerina 3 000 000 PER 


Superintendence 
Su and analyse water. 
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‘Transporting and ng sand.. 


Interest “an ‘king fund are not included. w 


Acknowledgn. outs. —The credit for the existence of 


filter plant i is due to Vv. Ww. Reynders, M Am Boe. Cc. | 
President of Councils of Steelton, Chairman of the Filtration Com- 
mittee of ‘Councils and Vice- President the Pennsylvania Steel Com- 
- pany, who, by arranging t a well- condueted campaign of education and 


devoting ‘much thought a and time to the “cause, prepared the wa way to 


“54 enable Councils to see the necessity of making | provisions ion a purer 


On completion, the. plant was turned over for | eration to 


of Water Commissioners, Mr. H. Roberts, President, 
r general of the be ™ Water- 
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PAPERS AND. SIONS 


‘This Society is not as a body, for the 


BE ‘Presenrep Octoser 1900. 


sign and selection of turbines hydraulic power- 
or 


ere at ne time—and that within comparatively recent years—pro- 
cesses of a an extremely | uncertain nature. They partook quite largely Be 


experimentation, of which, having no sound basis. of scientific 


1 


knowledge, degenerated i into the purest est guesswork. During late years, 
‘es how ever, the various problems involved have been the subject wa much 
careful and intelligent study, and the situation has become decidedly 
although there is still room for vast improvement. 
‘One of the chief obstacles in the ‘path of progress at the present 
is the scarcity of published ¢ data ‘on the performance of 


recent construction. large. quantity” of “exceedingly valuable 


information has accumulated by the manufacturers, but very 


Tittle of it is available to the public i in published form, or, in fact, in 


any form whatever. The publication n of tests s seems to be ‘iden 


altoge ther abhorrent to the majority y of “turbine builders in America. 


Tt i is with this policy o of reticence that ‘the writer is inclined to take 


issue, only because it is of an unprofessional character, but because 
Norr.— —These papers are "issued before the date set for ‘presentation and dis- 
cussion, Correspondence is invited from those who cannot be present at the 
_ Meeting, and may be sent by maii to the Secretary. Discussion, either oral or 
Written, will be published in a subsequent number of Proceedings, and, when — 
od closed, the papers, with discussion in full, will be published in Transactions. ( 
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‘it defeats the very commercial ends which, according: to some peculiar 


method of mistaken it is supposed to further. It i is only by 
broad-t -min 


> "possibilities of ‘turbine and thereby profit in 


« ee of this | apparatus by the progress which i is being made in the 


1e ar aa 


development 


pr publication of relative to results which have been accom- 
plished | does not ‘necessitate publication of any information con- 


cerning the details of design o on which these “results depend. Any 
is justified in protecting for his u se any ‘points of 


uperiority in design whi ch he may be able to ‘devise. His success 

de pends on the ‘them, ai and he could not reasonably be “expected to publish 

& them for the benefit of his competitors ; but the results which can be 


a accomplished 1 by | his machines i in ‘operation are quite a different matter. 


This is ‘vital ‘importance to all engineers i interested 
the development of water- -power, ond it is pursuance this oo convie- 
tion that the writer has prepared this ‘paper. er, 


In the evolution of turbine design in America, no 


s p important part than the Holyoke > testing flume. 


me has played a @ more i 
to the present time, more than 1 800 turbines have been tested 


‘a there, ail these tests have undoubtedly had a very important influence 
on the advancement of the art. | The fact that all wheels (within ¢ . 
tein limits of capacity)* are tested there under essentially Bak 


dl  * The Holyoke flume is best eer to the testing ‘of wheels from 27 to 42 in. in diame- wheels from 27 to 42 in. in diame- — 
ter, approximately. At the time the flume was built, wheels were of much lower capacity. — 
and it was not designed to handle the large volume of water discharged by high- -speed 

The writer names 42 in. as the limit, not because he 
_ believes that it is impossible to get good results with a wheel of larger size, but because no 
_ engineer of judgment would think of installing a larger wheel to operate under oor ll 
-_gonditions and dependence cannot be placed on such tests. If the conditions are less © 
favorable than would be found in an ordinary plant, they are certainly unsuitable for a 
es where the object is to determine the best performance of which the wheel is capable. 
The main defect in design which affects the tests of large wheels is the shallowness of the 
tail-race. The floor of the flume, on which the draft-tube of the wheel stands for test, is” 
a; 5 ft. above the flat bottom of | the tail-race. The draft-tube of a 49 or 50-in. wheel, un- 
tess it is very short, will be about 7 ft. in diameter at the lowerend. The back pressure due — 
to a column of water 7 ft. in diameter impinging on the flat bottom of the tail-race. 5 ft. 
from the end of the draft-tube, can be easily imagined. It has a throttling effect upon te 
_ discharge which cuts down the effective head. but does not show on the gauge, anc hence — 


wheels 45 in. in diameter or greater. 


_ the efficiency, as shown by the test, suffers. The loss does not seem to be altogether pro- 

portionate to the quantity discharged, but. ap arently, is affected very largely by the rela- 

a tion of the draft-tube diameter to the depth of the tai -race in which the column has to turn | 

: x _ to flow toward the weir. A 7-ft. column of alee cannot readily be turned through an_ 
a oA angle of 90° in a space of 5 ft. without considerable disturbance. The writer on one occa- 7 

1 2 ee tested a wheel which discharged 275 cu. ft. per sec. and found that the tail-water level, | 

a as determined by poe readings from the draft-tube, was actually 1 ft. higher than the 

level in the well where the head gauge floats. The head, as shown by the gauge, was about | 

a 10 ft., whereas the real head on the wheel was only about 9 ft. Naturally. it is useless to 
ti expect good efficiency under such conditions. This is an extreme case, but wheels of . 


smaller size, down to about 42 in. in in the same way, although 
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conditions, adds greatly to 1 ‘the value of the results, because ‘it renders. 


them directly comparable. ‘Tests made in place are subject to the 
effects of so > many y local conditions that one ne scarcely } knows when it is 


Further than this, the writer believes that. it is not going too far 


state that the Holyoke tests” aad more accur ate than: a majority of 
those made elsewhere, are” as as s the best of them. 
‘There is no ‘other device for measuring power which is as pater 
reliable as. friction brake, when accurately adjusted. At the 


Holyoke | flume the ‘Power of all wheels i is ‘determined by friction brakes, 
of: which there | are several eral sizes. The w water is is measured, a according to 


Francis formula, by a a sharp- weir of adjustable width. ‘The: 
_ width of the weir is adjusted according to the discharge of ‘the wheel, 


st in order to bring the head | on the: weir within the limits of ‘the experi- 
ments on which the Francis formula is based. This is‘in accordance 
with the best practice elsewhere. “Furthermore, the arrangements for _ 
taking ‘simultaneous readings, and the system of testing in | general, 


ae are much sur superior to the conditions 1 which often obtain i in n the } ease of 
These facts, together with the unquestionable | 
tests, have given them a position | of generally accepted reliability. 
Certain imputations to the contrary have occasionally emanated from 
but these are best. answered by the fact that, in not. a few 


‘have fa failed conspicuously to. attain in in the Holyoke flume the 


| = of what m may be expected i in ‘regular 
Tests are of interest to > the Engineering Profession, large for two 


r to determine what ‘results have been accom- 


‘evidence of what a builder has accomplished in the ‘past, on which 


0 base to what he can accomplish in case of 
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Holyoke Tests versus Tests in Operation.—It should no 
a * from the foregoing remarks, that the writer regards a Holyoke test as — 
st, is = 
rela- 
rh an 
the 
about 
esstO 
hough 


"regarded as s the most satisfactory, but, in the second case, the writer — 


finds a great diversity of | ‘opinion ‘regarding the relative merits of 
com! | Holyoke tests | and tests s of units in 2 regular 0 operation. ‘It is conceded 
eed bys all, of course, that an accurate test in operation is the only e xact 


method of determining the performance of the turbine ‘under 
ae ‘ conditions, and it is further conceded by most engineers that the tests 


which they themselves make are 


or tests at at t the site is usually ‘improvised fo 4 the oceasion, i ‘is handled, 


toa certain extent, unpracticed hands, and the ‘opportunities for 


error or are I many. | For this reason some engineers place move confidence 


in Holyoke tests because > they know that they are correct and ‘that they 
furnish a reliable basis on which to - estimate the results which may be 


expected aft after installation. tay 


On the e other hand, , some assert that ‘wheels are tested at Holyoke 


under ideal conditions which cannot be ‘obtained i in practice; that the 
shows merely the efficiency of the runner, and lot of other 
; generalities, m none of which has in general an any y sound foundation of fact. =e 


me There a are certain _ conditions under which a Holyoke test is more ld 
able to the wheel than a test in place, there are other conditions 


under which it is decidedly the opposite. As a matter of fact, 


a 
| 


a 


q 


esults of any test, whether made at ‘Holyoke or at the site, cannot | be 
ied on to indicate the performance of a prospective installation w ‘under 


conditions of head, or speed, or r capacity, without very careful f 


: t mple, to infer that, because a 
; manufacturer has obtained certain ‘efficiencies with a wheel developing 

10 000 h. p. . under 150 ft. head at 200 x rev. per min., he can obtain the 

- same results with | a wheel developing 10 000 h.p. pen Se 100 ft. head 

t 300 _Tev. per min. would be ‘entire y unwarranted erroneous. 


"comparisons, however, are often ‘made, sometimes to the 


of the builder, and frequently to the delusion of t the 


order to ‘elucidate this matter, the which affect a com- 


between wheels operating under ‘different ‘conditions will be 


this ‘purpose the losses of of energy in ‘teshine may 
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ES design of the “guides. results obtained with of 


HYDRAULIC TURBINES 


loss i in the casing, from She ‘flange to 
the > entrance to the guide, ah 

~Hydraulic loss in the guides and runner, 


ean —Hydraulic loss due to leakage around the runner “an 


(@)—Hydraulie loss i in the draft- tube, [a 


(e)— -Mechanical loss due to the friction of er parts. 


dw to loss (a), the advantage is usually in, favor of the 
Holyoke test. is ordinarily impracticable to test ‘runner 
“Holyoke i in ‘the casing in which i it is to be installed, and 
“this fact must be taken into consideration. installed in the flume, 


the wheel, draws: the w water to 


disturbance, 


under ‘those ‘condi ti ions than it ‘will 


‘the fe which does not cause considerable ‘Toss of ‘efficiency. T The 
loss in a properly designed spiral 1 casing i is relatively small, ste oa 
it accelerates the velocity gradually y and delivers ‘the water to ‘the 


without. abrupt change of direction. test of a wheel in an 
open flume can be. fairly applied to a turbine of the spiral-casing 


S with very little allowance for : additional loss, but a considerable deduc- 


tion should be made. if. the wheel is to be installed in 1 a cylindrical 


(a) is dependent largely on the velocity in the casing, and is 


related to the head only in that for a given velocity the percentage of ee 
_ Loss (6) is independent of the head, provided the speed | is s allowed 
to va vary as Vh h, b but ‘is is materially affected by the type of runner and 


as in any other case. Both: the leakage around the runner 
Bis: 


the discharge eos it vary as the V b one to 
the other ya 


aS 


| 

1 
— 
— 
ke (Mm the water approaches the guides with whirls and eddies due to obstruc- its he 
he tions and restricted areas. There is no form of casing fora turbine 
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Loss ss (d), in the case of small wheels, i is probably : as low at at Holyoke 
as elsewhere. With large wheels, however, this loss is excessive.* — 
— Loss (e) varies with the head, decreasing as the latter increases, 
because the power of the wheel increases very much faster than. the 
— loss due to the weight of the 2 revolving parts. There seems to 
be a general i impression abroad that in testing wheels at Holyoke the 
mechanical friction i is so far minimized as s to be practically eliminated. 


It is true that effort is made to ) reduce the friction load, but it is not 
eliminated, by any and, id, although the percentage of loss is Tess 


under the same it ‘is more, a deal more, than 
te it would be for for the same ¢ wheel ‘operating: in a horizontal position h unde 


a: i. higher | head. In fact , it is is necessary to minimize the ‘friction in 

order to » show which wil be representative of the wheel 


on, 
the wheel. “This fact can be demonstrated. 


for of ‘the wheels referred to later, Test No. 


1799. This wheel developed 112 bp. under 17.25 ft. head. Suppose it 


to install a pair of these wheels on a horizontal shaft under 


ft. head. Will the efficiency be more ‘or less than in the 


testing flume? Under heading, of ‘course, influence of 
mechanical friction only will be — 


This wheel when tested had guide- one | ball 


3 


head, two of these wheels develop 
2 


= 


making the impossibly liberal assumption that 
friction of the lower guide- -bearings, stufling-bor, and 


ball- -bearing was nothing, there still 
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the ball-bearing, includin Bie 
= 
— 


me friction | will be about five 1 times as (neglecting the 
the of speed, which would modify this statement slightly). 
7 p power developed, however, is twenty times as great, and hence 
‘the the percentage of energy lost is only one-q quarter as ‘much a as s when the 
nted. wheel was tested at Holyoke. if the friction under test was 2%, then 
not friction in be only 0. 5%» © or a difference 1. in 
less” 
rings 
than ite | rs of experience 
inder to ‘make the broad statement that friction is so ‘completely climinated = 
on in ‘Holyoke tests: that they may be considered to ‘represent purely 
wheel ‘ideal results which cannot be obtained i in practice; and this j in lie 
els to to heads 0 of even 200 or 300 ft. ‘Such s h statements will not stand under os “a 
sption, analysis. . Under high heads, exactly the reverse is. true, In fact, the 4 
trated. writer knows of of no case 80 ideal or so” favorable to high efficiency 
st No. as that of a large: reaction unit operating under : a high head. In such 
pose it : case, not only is the mechanical friction reduce ed to a minimum a 
under | effec t, but the casing usually takes the spiral form, which m minimizes 
in the ising loss. The wheel usually has individual draft- tubes, which 
mini mize the draft- t-tube loss, and ‘the design of the runner approaches 
mcs 
the inward- flow Francis type, the characteristic of which is high 
ball ‘the wheel ‘throughout ‘is th em most efficient 
. of the ars of Tests. —Teate of turbines | after installation are usually 
bearing made for the purpose of determining whether a specific set a condi- Gai 


tions has been complied with satisfactorily. These tests are usually 


b=" to “observations at various gate openings under the head and an 


speed for w which the turbine ‘was designed. Where the power is 


“measured electrically, , the difficulty of determining the efficiency of the 


‘generator at varying speeds precludes: the possibility of a compre- 
nder ts hensiv e test. Such tests. i1fil their function, which i is to deter- 
mine performance of a guarant 
test the ; wh dge of of turbine cha cter’ ristics 
ek 


uty under a ‘certain ‘test it, t under that head, 


available, a and, from t ata thus 
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bearing, which is known, beyond questi brry a load of 1000 lb, 

ler 80 ft. 
= 
per guide 


Bi 


q 


performance of the wheel ‘under the head for 
"which, it. was Excepting high heads, there are few installa- 
however, where the conditions are by any means constant. 


—- at constant speed under one head, fi is of little value in 


determining the e performance of the wheel at the same . speed under 
— head. It is of even less value in determining the general 
characteristics of the wheel, and, as will be demonstrated later, these 
characteristics are of vital importance in considering its adaptabality 


a a given service. The characteristic curves of a wheel cannot be 
plotted from a test at constant speed. It is ‘essential that tl the ‘speed 
ghould vary a considerable range. In this ‘Tespect, the | 


im resulted from the ‘misapplication ‘of turbines t to “conditions for 


whieh they are 1 no 


ot suited, than from any other of the many mistakes 


some other and giving corre respondingly poor The cause 


of these mistakes is not. far to s eek. lies chiefly in the failure to 


oe ; analyze the tests of these wheels an nd thus determine — they a are 


‘properly adapted to the existing conditions. 


Comparatively few engineers ‘realize to what an extent the 


and the ‘speed ‘selected 


be used. In spite of this, ¢ 
a consideration of generator economy neti without regard to its | effect 
ot on the economy of the turbine. Such : a course is . short- sighted and ill- 
considered, to say ay the least. ‘results high- speed 1 wheels being” 
es adopted where lower-speed wheels are ‘more suitable for many reasons. 


requently. care and ingenuity are devoted to 


be at pee the Purpose intended. dren ‘paid to 


2 

= 
— 
— 
| 
1ade in the equipment of water-power plants. There 
— tances all over the country where a wheel which 7 
— 
— 
Iormances of diierent types of turbines ditier. 1€ divergence 1s wide, 
determines largely the type of runner which 
; 
— 
— 
— 
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ing 
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iy 
is a more and more insistent demand for high-speed wheels, 
er without a proper consideration of the limited conditions to which they 4 7 
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_ attributes which all of them possess. 


The high- -speed wheel, as will be explained later, has its legitimate field, 7 
 “¢ in many plants where it is being used to-day it is by no means ‘the = ia 


q 


4 there has 5 been. too much eff 


pestis been due largely to the and try” of the 

McCormick school of turbine designers, which, until recent ye years, domi- 3 


nated the turbine business in America. builder, having by 

“tedious experimentation evolved his standard patterns, was accustomed - *q 

ws select from his stock the wheel which, according to his’ judgment, % 

most closely approximate the desired results. Frequently, the 
4 


robably, because of 


meager knowledge of 
have | learned to ans analyze ‘the | tests of their wheels inte intelli- 


approximation © was a very remote | ‘one, , not more, 
Be rigidity of his aren than because of his 


cand to to predict with h accuracy what t they will do 1 under a 
a of conditions. Bi is s still 1 more e recently th that designing of ‘special w — 


_ to suit individual requirements has come > into general p practice. : 


writer believes that the special wheel is to be ‘the rule in 


future, rather than the exception. This , should not not be. taken to mean > 

that « every new wheel will necessarily be an entirely new and original oe 


Such | a procedure would be too ‘experimental a nature, 


“particularly: in the « case of mixed: flow v wheels, which are not 


“pletely amenable to mathematical analysis as as are their m more. simple 


Prototy pes, the Francis wheels. New designs will “consist rather of 
of and improvements on wheels: which have been tested 
i: and found to be efficient, and, 28: such, will be more certain of success - 


than if if based wholly theoretical considerations. ‘The important 


‘to to be observed is that the wheel should be exactly suited ‘the 
‘conditions, im order that the best results may obtained. 


eacription of Tests—The purpose of this paper is not to present a 
«Study of the various problems which | arise in the selection of water- 4 


but to illustrate, by tests, 


of responsibility im 
tablished practice in 
mners and building lines of stock sizes, — 
ort directed toward adapting the plant to 
4 
spall 
= 
— 
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teristics of several different types, and to in a general way the 
‘conditions of ervice to which each is best adapted The conclusions 
mn from this. ‘study are based “not merely on a consideration of 


tes 


we 


2 


on a series of five specially decent 


‘They | reproduced from t the original, r reports in Tables 


to 5, inclusive. ‘These runners range from the low- -capacity Fr francis 
type v wheel, No. 1795, adapted particularly to high heads, to the large: 


"capacity high- speed and 1797, adapted particularly 


to low averagt  maximu m efficiency of the five wheels 


06 per cent. “This i believed represent the best results. thus far 


los. 1799 and 1800 are 


attained in the of the a rt. 
= especially n notable i > in that they sh show higher ‘efficiencies than any other 


“reliable published 3 in either American” or European practice. 

Test No. 1799, an efficiency of | 90. at three- -quarters- gate, 


Fig. 1 sectional view of the arrangement of 


larger wheels. The 1 vertical thrust was carried on a ball- -bearing placed 


on top of the crown- plate. This ar arrangement was necessitated by the 
variation in height of the runners. . It was not adopted to minimize 
he friction, it is net believed that, the friction was 


hve 
ame size. ‘The usual arrangement i is to. on 


in. in 


—_— is 5 left for bearing. While running on this button the fiction 


is practically n nothing, although it ‘taker a pull to start than 


‘is ‘required with a a ball- bearing 


‘Rg. 2 shows. the arrangement for wheel o. 1198, with an interior 
_draft- tube. This om tube was not used with any of the 


Fig. Plate LVL, is photograph of the complete apparatus erecta 
‘This + view shows an arrangement of 


— 
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Wate ch have been accessible 
The tests which have been u 
— 
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casing, The gates were of the balanced-wicket type. All te 
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of full 
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minutes. 
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_ Nore.—For Experiments Nos. 1, 15, 25, 35, 46 and 60, the jacket wasloose. an 


_ sa During the above experiments, the weight of the dynamometer, and of that portion of | 
the shaft which was above the lowest 
aie _ With the flume empty, a strain of 1.01 — oe “ distance of 2.4 ft. from the center 


of the shaft, sufficed to start the wheel. ial 


guides am and in the draft-tube. The latter consisted of a movable nae. 
with velocity and pressure points, introduced through a gland in the 
side of the draft-tube about 2 ft. below the of the runt ner. This 
was arranged move horizontally across the diamet er of the 


draft- ‘tube and also. to revolve about ‘its own axis. a By means of these 


two movements, the 1 velocity at any distance from the center of the 
shaft could be determined, and also the ngle of whirl. The latter 

point which gave the 7 
we he tu 
highest ‘reading. "Bot led from 


the floor above, ar 


-_ ig. 2, Plate LVI, isa a photograph | of the operating floor, showing 

2 # ii? brake for measuring the power. of the wheel. At the left i is the gauge 7 

‘and “auxiliary apparatus ‘connected to the Pitot “tubes below. 

7 f 

The water columns were drawn u up view ew by m means of a 


‘The arrangement this apparatus is ‘shown diagrammatically in 
Fig. ‘The position of the columns i in the was controlled 
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aa _ Note.—Duriog the above experiments, ‘he weight of the dynamometer, and of that — 

po ortion of the shaft which was above the lowest cou ling, was2600Ib. = 

With the flume empty, a strain of 0.5 Ib., applie at a from the center 
shaft, sufficed to wart the wheel. 


‘This apparatus for the measurement of has been described 

at some length for the benefit ¢ of those who may t be interested in the 2 

sa same line of experiments. Lack of space precludes the publication of 
of the data obtained, although are of great interest to the 


esigner, throw much light | on some very obscure in 
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Nore.—The jacket was loose for Experiments Nos. 1, 11, 28,80,41and 71. 
__ During the above experiments, the weight of the = :  __caa and of that portion 

of the shaft which was above the lowest coupling was 2 600 Ib. 
—_ With the flume empty, a strain of 0.5 lb., en at a wel of 3.2 ft. from the 


center of the shaft, — to start wheel. 4 


reports, on the common basis: of 1 ft. ‘The at 
testing flume fluctuates, and it is | therefore necessary to reduce * 
readings to a common basis. 7 With constant efficiency, the brake- horse- 
power varies v! and the ‘speed and discharge as Vh. This 
principle i is true, theoretically, and has been repeatedly 1 proven, experl- 
mentally, a and all the computations have been made upon this basis. Yi. 
Three sets of « curves have been plotted | for ‘each of the f five whee 
The first order for each wheel is a set of _brake-horse-po -pow er 


ceurves for all gate openings ‘plotted to speed. curve 
is mated by t the gate opening which it represents. a 


‘the writer the discharge urves, but 
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a Note.—For Experiments Nos. 1, 11, 21, 34, and 57. the jacket was loose. = a ae a 
During the above experiments, the weight of the dynamometer and of that portion of 

shaft which was above the lowest coupling was2600lb. 
With the flume empty, a strain of 1.0 Ib., applied - distance of 3.2 ft. from the esl 


the shaft, sufficed to start the wheel: 


they have been omitted from this in to economize space.* 
7 ‘When included, such a diagram might t be termed i in common parlance a a 


‘personality chart, ” because it embodies ath characteristics 
‘peculiarities of the wheel. From it separate performance curves cal 
: be plotted for any ‘speed whatsoever within the range of the test. The | 
heavy speed line drawn through each of these charts indicates the 
“normal speed” "of the ‘wheal, that is, the speed at which | it gives its 
bey | The second set of curves s shows the sbi of the wheels along 


heavy or at normal, speed. The gate openings are 


plotted to discharge, so so that it is seeiiiiie: to read the efficiency at any 


¥ fractional part of the — — opening as well as at any fractional. 


to, a of values > 4 


we * For full details of this ‘method ot plotting, test curves, see Chapter cia ot “ Water 
Power Engineering,” by Daniel W. Mea a 
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Parr oF: | | S| sB | 
9ugio | Be SES) 3, | | Af | 
5°82 me | BUS | 
esses |" F | | 
0.500 0.566 | i772 | 2 | 124.00 | 35.97 | 50,81 | 70.98 
0.500 | 0.560 | 17:74 | 18633 | 84.87 | 52.84 
0.500 | 0.548 17.72 4 155.75 83.82 | 52.82 
0.500 | 0.585 | i774 | 8 | 166.00 | 88.81 | 52.27 | 78.00 
| 0.500 | | 8 | 176.67 | B47 | 5186 | 78.48 
0.500 3 | 19900 81.61 | 50.86 | 78.97 
| 0.500 | 0.494 | 17:88 | 4 | 200.25 | 30.87 | 48.81 | 77.71 
0.500 0.481 | 17.86 | 3 214.00 80.08 | 45.86 | 74.45 
0.500 0.464 | 17.89 228.75 20.02 | 41.56 | 70.58 
0.888 0.360 | 18.09 | 112,00 22.65 | 80.52 65.68 
0-888 | | 8 127,00 | 22310 81.58 
0.233 | 0.350 | 18:18 | 3 | 186.00 | | 82.12 | 10:05 
01838 18.22 | 4 | 141.50 | | 81.71 70.26 
0.338 | 0.30 | 18.244 | 4 148.00 | 21:47 | 81.87 | 70.683 
| | 18/31 4 | 154.75 | 21508 | 30:98 70.82 
3 0.333 | 0.823 | 18.2 | 4 | 20.42 71.04 
0.383 | 0.307 | 18.17 4 | 21250 | 19.88 | 28:81 | 71.08 


Norre.—The jacket was loose for Experiments Nos. 1, 11, 22, 40, 52, and 66. ee 

a During the above experiments, the weight of the dynamometer and of that portion of ; 
the shaft which was above the lowest — was 2 600 Ib. j 
With the flume empty, a strain or 0.5 1 at a 3. ft. from center 


ow heels at speeds corresponding to sev eral different values of When 

a . wheel operates at constant speed under a fluctuating head, the value 


of is ‘continually changing. A comparison of t these curves, 


fons, very i study, becsuse it shows how the efficiency 


as s the head changes. The change i in n efficiency to 


= igh- Speed heels.—In the use the term “high- speed wheel; 


seems to ‘be much the sense in which it is 


here, the term does not apply neces wed to wheels of high peripheral 
speed, although | a high value o usually | an attribu te of a 


speed wheel the term m is 
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uns at the highest number of revolu- 
A high-speed wheel is one which wil 
any given quantity of power at a high speed, relative to other 
eo a haga _ wheels developing the same power under the same head. It is not ‘es 
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or wheel, 
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x 


= 
N | 


SAS 


— 
— 
po 


ssible to compare the of wheels “upon the basis 


because the power is not a consistent function of the diameter, 


in wheels ‘of homologous design. OF GAUGE-BOARD AND AUXILIARY 


To which of two wheels 
» determine which of two Wheels VELOCITIES THROUGH GUIDE OPENINGS 


is the higher-speed, it is is usually 
» 


necessary, they differ widely, 
to reduce them to a common basis = 


of Power ant and head. 
Suppose, for example, that t two 
types of runner A an and B, are to 

be compared, and is known from 


tests, 0 or otherwise, that some cer-_ 
; 
“which need not be given) will = 


develop a a maximum of 2.080 hp. 


at 500 rev. per min. sini 100 ft. 
head, whereas an entirely different | 


spection of of ‘these “data 


these types is the higher-* -speed. 


They should first be re reduced to Go 
common head, say 1 ft. 7 Divid- 
the horse- power in case 


by Vv h3 and the by the 


2.37 hip. a t 47.4 rev. } permin. 


runs at a higher speed than ree 
8B, but. B develops more power than 
One bes sure but that if Pitot‘. from Movable Point in'Draft-Tube 


—Pressure « 


By were reduced in n diameter until ¢ 


it developed the same power as A 3. 


itn — run at as a speed a as A, or 


a 


1 hp. known 


directly a as the 


— 
— 
— 
— i | 
— 
— 
=| | 
— oo 
— 
— 
— 
the power of wheels of homologous design v4 
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‘HOLYOKE TEST 1795 OF A 32” LOW-SPEED 
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HOLYOKE TEST NO.1795 GATE OPENING 
AND EFFICIENCY CURVES AT NORMAL SPEED 
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HOLYOKE TEST NO.1796° GATE OPENING 


_ AND EFFICIENCY CURVES AT NORMAL SPEED 
HEAD= 1 FT. 53(REV. PER MIN. Vy,~78.5 N,= 350 


‘ 
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Discharge, in et per | Second 
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— “HOLYOKE TEST NO.1796 OF A 28” HIGH-SPEED TURBINE RUNNER, 

— 


MODERN HYDRAULIC 


ess 


EFFICIENCY CURVES AT NORMAL SPEED _ 
HEAD =1 FT. 49.5 REV. PER MIN. Ny =72.3 Ns 
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HOLYOKE TEST NO.1797 OF A 30” HIGH-SP 
REDUCED TO 1 FT. HEA 
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ss TEST NO.1800 OF A 31 MEDIUM-SPEED TURBINE RUNNER, | : 


a 


06 07 08 09 10 12 13 1.460 he 
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_ HOLYOKE TEST NO.1800 GATE OPENING © 
AND EFFICIENCY CURVES AT NORMAL SPEED 
=1 FT. 48 REV. PER MIN. Nu=56.7 N's =253 


xe} Diseharge,in Cubic Fost, Second 


3 —39 — 
45 7 ha EBS S/ | | Sine BLP | 61,410.88 52 
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RISTIG. CURVES 
[RUNNER FOR DIFFERENT 


10 15 2.0 25 30 35 4.0 530 5.5 60 65 


Discharge, in Feet per Second under 1 Ft.Head 


4 

4 


“HOLYOKE TEST N 
CHARTER CURVES OF A HIGH- 
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= 090 
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/ 
YOKE TEST NO. 1797. CHARACTERISTIC CURVES © 
OF A HIGH-SPEED RUNNER, FOR DIFFERENT oe 


$=0.10 Ny=60.3 Ne=209 | | 

390 N,=71.2 Ne=318 

Nu= 91.7 =410 


63-0 


_ Discharge,in Cubic Feet per Second under 1 Ft. Head 


CURVES OF A MEDIUM-SPEED 
___ RUNNER, FOR DIFFERENT VALUES OF 
| 
=0.75 Nu=587 Ns = 62 
N= 
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CHARACTERISTIC CURVES OF A’ MEDIUM-SPEED 
FOR DIFFERENT VALUES OF 


Ny= 486 Ne—22 
y= 83.0 Ns = 


18 


ee EFFICENCY CURVES OF FIVE 
WHEELS AT NORMAL SPEED ILLUSTRATING 
DIFFERENCE BETWEEN VARIOUS TYPES 
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"squares of the diameters, and that the — varies inversely as the 


Let D, = the diameter of A, — 23 4> 


D'. = the diameter of a ee of ‘homologous design, having a 


capacity of. 1 h.] Py 5 * 
a the speed of the latter. 


Similarly 
hi is now eles that B is the ia -apeed type, because, when bo both — 
wheels are developing th. runs at 75 rev. per min., whereas a 


- ‘Tuns at only 72 rev. per min. _ Asw will be explained later, these are the te 


“unit speeds’ of these two wheels. af, 


Tt should ld be clearly understood that this term, “high -speed, - thus 

a consideration power as well as speed. Tt is not 

directly to the peripheral speed, although, a as stated before, high peri-- 


pheral speed i is an -attribu of high-speed wheel. th the 


a 
same time, it may also be an attribut te of a lov low- speed wheel, and there 


“fore it it is not a ‘proper criterion of ‘speed in i 1 the sense in which it is_ 
“here: used, |. Wheel No. 1800 illustrates t this point very ‘At 


“normal speed of f this wheel, ‘the coefficient of peripheral speed, o= = = 0. 81. 
— This value i is as high as: as for any of t the other wheels, and yet this wheel 


lower in Speed than all the others, except } No. 1795 


‘Unit Speed. —The ‘ ‘unit ‘speed,’ used ‘throughout this paper, 


i all « cases the speed, under 1 ft. head, of a _ wheel of the ‘same design — 


“as the one under consideration, and of such s size as to develop 1 bh P- at 


‘ full g: ate. . Other units 1 might be used and serve the el purpose se of 


comparison, but i in n America these are the 1 most convenient. 4 In Europe, 


under the n metrie § syst tem, the | practice is to reduce to one metric horse- 
power, under 1 1 m. head. ‘3 The result is termed the “ ‘specific speed,” we 


is ‘usually desi nat ted by the 


; 


2 
iil 
7 
4 
= 
— 
= — 
| 


The equation for Na is developed as follows: 


= speed of any any vonner, 
= power of same, 


= diameter of same, 


Ie = unit of head, 


= atu on same, 


P, - unit of power, 
= = unit of — axe 


v= speed « of above runner under unit head, 
‘D, diameter homologous runner developing unit power 
“under unit head. 


ubstituting ‘Equations a, b, and ¢ in in Bagvation 


‘ae 


N,, — 


1 hp. and hy = ih. this b 


‘ 

Given th the power and speed a any head, the a 
speed m may determined by in Equation 2. It is 


— 


— 

a 

> 
4 
— 


necessary to go through the process of double reduction as was done a 


comparing wheels A dB. For example, take wheel he: just 


_ 


hich checks "former omputation. Under ¢ the metric system, 
1 h. p. and hy = 3. 28 in Equation 


Nx PX 3.28% 


to transform a unit speed from the to the metric 


‘This 
“is one of great convenience. Suppose, for that it is 
to equip a plant with units wang © runners having a maximum capacity 


of 1000 hp., each at 200 rev. “per min., vunder 40 ft. head. _ From 
Equation N, : = 63.3, and therefore only wheels : approximating this 


Again, suppose that. the sizes of the u units and the speed for 
"prospective plant under 100 ft. head have not been determined. It is 
desired to know what results could be obtained with a certain ome 
the characteristics of which are ‘suited to the proposed 


NX VP =22 120. 


ation of power and | speed, 


ee q 
the = ‘may be read off as rapidly as one can move the runner. This is a 
t is ‘great convenience in calculations. the case, for 


— 
| q 3 
Here 
— 
— 
4 
This type of wheel will 
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J produced, on. the size of the 


at 700 


at 500 
3060 at 400 
000 “ at 100. 


to Unit Speeds.— “Some method of 
_ fying turbine runners on the basis of 1 the duty which they are able to 
perform is essential to an intelligent study of characteristics. 
«It is obviously futile to compare the r relative merits ‘of two wheels. 
ate cannot accomplish the same work. k. They are in different classes, 


and, as such, ‘might be to possess 


Since the unit speed is measure of complete performance, both 


as to speed and power, ‘it ‘supplies an admirable basis for the desired 


classification. this it ‘should be noted that such a classification is” 


= independen of the details of design. The angles, of the vanes, g general 


proportions, peripheral speed, ete., may all be different, the 


wheels are classified | as of the same type if they have the same unit 


speed, ‘and they alone, are “capable: of doing the same 


. oe Europe it is the practice to classify runners | according | to their 
of per Ti heral speed. “ow- speed” r runner has a value 


ut 0.6, a “normal- speed” runner, duet 0.7 cand a 


0.8." These distinctions, however, 
the element of capacity as well as although | in an indirect cand 


1 ot 
definitely measured. dee a method cannot be as exact 

as that based ‘on unit speeds. In ‘the capacity 
speed are definite factors. 


| 
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cused, except with wheels of low capacity, 
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nfluence of Upon the Characteristic Curves.—The extent towhich 
changes in the value of ¢ ‘at normal speed | affect the efficiency curves ———— 


of turbine runners is difficult to determine, because, with w wheels | of 


‘rational de design, the as stated ile 


variation 3 in the ¢ 


than necessary. For a given speed, lower the of ¢$ the 
‘smaller the» wheel, and hence a low value of | > is suitable to a low- 
capacity wheel, and a a high value to a wheel of large capacity. It may 
be generally stated as as a principle of “rational design that ¢ should 


"always be ‘made as low as possible, and that it should be forced up 
high values only in a order to get additional capacity. 
Wheel No 1800 was an experimental runner contrary to 
this principle for purposes of investigation. It is of irrational design 
in that it is a wheel of comparatively low capacity with a high value of 
The v value of for a of capecity need not be over 0. 


re results with this wheel “appear | to indicate that, with 


of does es pull ‘the efficiency. Fig. 19 


‘shows that the three wheels of medium and low capacity gave similar = 


results at normal speed, although the values: of ¢ were 0. 70, 0.76, 


0.81 , respectively. The ‘three wheels, however, which had the same 


a” of $, namely, , 0.81, but differed considerably i in n capacity, 1 ranging x 
fr 


rom m nediu um power to the extreme limit of high power, gave gave widely 
differ ent curves. All of which se 


diferent rh ems to indicate that forced capacity 


comparison of Figs. 14, 1, #8 further similarity 

between the three wheels having different values of x oe The variation - 

in \ efficiency at part gates, due t to a variation of 0.1 i in ¢ both above and 

below its normal value, is quite similar in all three cases. In fact, 


difference there is between n the three wheels is in the 
4 high va value o=0. 81. This wheel shows less ss drop in efficiency at part 
a a gates, , due to an increase in n speed, than either of the othe. a 
In view of this evidence, and for lack of an any experimental proof 


> the contrary, the writer believes it safe to say that the efficiency is és 
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Principal D Difference Be Between Low- Speed and HH High-Speed Wi Wheels— 
; Before - proceeding further, it may b be well to s state ‘that the oo 


made from these tests: should not be given 2 too ‘strict an application. 


Results ne necessar vary with ch changes i in design, ‘and, , while the results: 
7" ‘obtained with these wheels are of a nature broadly representative of 

other wheels of, ‘similar capacity, 


in individual ca: cases must be expected. 


The most ‘significant fact to be abserved, in connection 
-speed curves of these’ wheels at various gates (Figs. 4, 6, 


- 


0, and is all Il of them pea at different “speeds. most 


the latter This is of all reaction whether 
of low or high speed, but not in the same degree. In the case 

“high- speed wheels, the difference ‘between the best low- -gate speed and 


the best full- -gate speed is wel greater the case of medium- 


speed and low- speed wheels. Table 6 shows the comparison between 


hak 


0. 4 gate and full g gate for all the wheels vunder 1 1 ft. head, listed ix in the 
order of their capacity. 


Most efficient 0.4-gate speed. . 


= It may be observed from Table 6 


No. 1795 and for the two medium- -speed wheels, Nos. 1799 and 1800, is 

about the same, whereas it is nearly twice as great | for ‘the | high- speed. 7 


wheel No. 1797, and even greater for the extremely high-speed wheel 
No 0. 1796. This drop does not seem to vary much with the ceapacity 
‘the wheel for values “of N, below approximately. Above 


N= = 60, or thereabouts, the | drop increases rapidly as N, increases. 
When operating at constant “speed, ‘the inevitable. result of 


= 
variation in the most of the is a of 


which will give the highest ‘liciency which it is to obtain at 
gate, that: “speed will ‘be too high to give the best obtainable 


he: 
Ne efficiency ai at the lower gates an and | too. 0 low to give th the best results at the 
hi The “speed at at whic run a | wheel, therefore, 
= 


— 
— 
— 
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q 
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a the drop for low-speed wheel 
ct 
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Naturally, the less variation there is in the best speed fi from low | 

gate to full gate the | less sacrifice of efficiency there will be when the 


wheel is ‘run at constant speed. It has. just been shown that 

v variation is much less with wheels of low and moderate unit speeds 
than with those of high un unit speed, and therein lies wee moet anes 


As an illustration of this. point, compare e low-speed No. “1195 

with high- -speed wheel No. 1796 . The maximum 
efficiency of of the fo former at 0.44 444 gate is 82%, occurring ata speed of a 
: bed Tev. per min, min. The ‘efficiency at the non normal speed of 40 rex rev. per 


mit min., » however, is 80%, , and henee 2% has been ‘sacrificed at this gate 


h tant ed. 


- In the case of No. 1796, the maximum n efficiency at at , 0.462 gate is 


TA. 4.8%, occurring at 37.8 8 rev. per min. . At normal spe speed of 53 rev. 


‘per min. the efficiency i is only 62. 5% and about 12% has been sacrificed 
to the ‘requirement of constant speed. In addition to this, the peak 
of the curve of No. 1795 is about T% higher than that of No. 1796, - 
and hence the total difference in favor of the low- speed wheel at this 


is about 17 per cent. Big. 19 graphically what wide 


q 
4 


diff ference exists between efficiency curves: of ‘medium- speed and 
hi high- -speed wheels. Ther relatively poor showing of the two high-s speed 
s wheels, Nos. 1796 and 1797, is due to the t two characteristic deficiencies 


just alluded ‘to, namely, ‘rapid drop of the -efficiency- speed curves: at 

= ee and — lower 1 maximum efficiencies at all gates. ‘The 


4 given size as 


Another p peculiarity which is distinctly characteristic of high-speed 


hel is that the por power at the high gates increases as | the s r 
— beyond n normal. By over- “gating the wheel it is possible to 
hold up substantia al increase of “power with good efficiency at 


“extremely: high value s es of de For For example, wheel No. o. 1796 6 (Fig. 6), at 


1077 gate, ‘increases constantly | in power and d efficiency until: 


of. 1.00. at 1.00 ‘gate, in increases 
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feature high- speed wheels is a one, it 


adapted, namely, low heads. Low plants are are 
“subject to relatively, reductions of head, due to back-water in the 
ver ery much, the'v Vv to 


more power ata high value of than it doce at normal value, isa 


great advantage in in such a case, , beca use 1 it increases the capacity of the 7 

turbine by jus ust that “much at time» when the » power is is perilously 

deficient on account of reduced head. At such a time, it is neces- 

— sary to open the turbine gates farther than would be : advisable under | 


5 the normal head. Under ‘the latter, suc 

_ because the i increase in Power is very small and not at all porportionate 
to the increase in discharge. With some wheels , the ‘power i is om es 
less ‘than it was at the p the previous gate, eae account of excessive e drop in 


a 7 | efficiency. cin Under the re reduced head, however, r, with high values of « ds ro 
inerease in po power is considerble. With No. 1796 (Fig. 6), 


‘instance, , the i ward in n power rome 1 ane gate ‘0 1.077 gate, at normal 


at 


a to o Figs. 4 = Ee 10, and 12 will show that the wheels of lower 


unit speed de: not possess this characteristic. In the high- a 


‘gate curves fe fall off at the high values of 

Considerations s Affecting the Choice of Wheels for Low H eads. 

is futile, of course, to attempt to define within fixed limits. the 

oh heads which should be included in this classification. Some plants” 

‘under moderately high heads under conditions 1 very similar to 
those which are distinctly characteristic of the typical low-head plant. 

= Others under low heads possess some of the | characteristics common to on to 


high heads. any useful are to be drawn from a 


a | liberal ‘allowance fo ~ which requ 


typical low- head ‘may be by 
where the head is ‘created by building a dam a large river flow 
through a comparatively, flat “country. In such cases, it is im- 


> 
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is about 20%. anc 
: = 1.00. however, the increase in pow 
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practicable to build a high dam, because water cannot be | 


probably, little storage than bed of the 
stream, such a power ‘cannot usually be developed much beyond | the 


“minimum 1 flow 0 the “stream. it were possible to ‘impound the 


water which i is not used during light loads for use during peak loads, 


then the part-gate efficiency of the turbines for such a plant would 


be of importance; but, usually, “the water which is not used during 


7 light loads goes over the | dam, and ‘therefore the efficiency of the tur- 


pines: at such times is relatively u unimportant. ‘Under such conditions, 


) the | poor part- -gate efficiency of high-speed | wheels is of no 0 importance. 
The important considerations are high efficiency at normal gate, 
as affecting the normal quantity of power which can be developed - from — 
the available flow ; high speed, as affecting the ec cost of the electrical 
to a limited extent, the cost of turbines ; high 


a 


e 


which j is the inevitable ¢ coincident: of flood conditions. 


ie, respect to ‘0 the > first consideration, the high- speed. wheel i is some- 


deficient, depending on mn the extent. to which the wheel is 


Takir 1¢ efficiency ¢ of No. 1799, 90. 43%, as the standard 
a wheel of speed, high-1 speed wheel No. 1797, , yielding 
‘87 39%, suffers about 8% by comparison. Wheel: No. 1796, which is, 


a more extreme type No. 1797, . 


less, 

Anoth 

speed wheels occurs a gate opening than that of 

wheels. With the latter it usually occurs at from 0. 70 to ga 
_ whereas as with | the former it is usually from 0.80 to 0.85 gate. In silts 
wr provide f for r the | customary overload of 25% w with high- -speed wheels, 


is necessary that: they ‘shall carry, the normal load at a lower gate 
2 than the most efficient one. This causes a further loss of efficiency. _ 
= 7. Tn respect to the second and third considerations, the high- speed 
wheel has an overwhelming advantage, and is undoubtedly the best . 
for typical low-head service. Table 7 gives a comparison of 
= 
results, which could be accomplished by the three types of runner, 


lation Nos. 196, i, and if applied to a a plant having 
flow 


i is assumed to be 18 
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nol 
Horse- | tions per Efficiency. 


power. fer power. | ‘ninute. 


= 


| 279 80.0 78.5 
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Runners for Inter nediate H eads. —It is as the head imereases an and 


-water conditions’ become less important, and as. the of the 


‘runner, increasing with the head, more nearly 
onomical | value, that the use of the high-speed ru 
ore these conditions change, the « 
‘which favor r high- “speed wheels oth s of mo 


economy ‘of the becomes: highly important, an 
speed wheel with its s high ‘efficiency i is ‘clearly indicated. The higher 


the head the 1 more valuable ac cubic ¢ foot of water becomes, and the more — 


important it is to ‘gave ‘High speed becomes a subordinate consid- 
4 the additional ; power which | can be | developed by the lower- 
speed wheels’ w ith their high efficiency i is x more than the interest 
= the saving in elect ical atus which would result from the use 


appara 
of high-speed wheels, then the former are certainly the ) more economical 


fo 
proposition. sition. This prine rinciple, of course, is fundamental 
recognized, but i is not always intelligently applied for lack of specific 
knowledge regarding t the disadvantages incidental to to > high speed. 
‘Purchasers Ww were as svell informed as they ought to be, as to 


deficiencies of high-: eed runners, 1 there would be fewer of them 

use at the p: present time. It i is hoped that this paper some 


speed. wheel No. 1 at and high-sp speed wheel No. 1796. = In of 


36 
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Wheel. |= wi 
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increases th storage capacity usually increases, andy 
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for high heads pass through all the 
£e High-Head Wheels.—Runners he mixed-flow wheel and the 


available and the developed. the head nereases the unit 

speed tends to decrease, and design approach.’ that of the low-_ 
capacity Francis" type (No. 1795). Alth ough designs of these 
wheels vary considerably, the ‘characteristic curves vary but t slightly 


“from the best t results of medium-speed wheel, 


purely flow or -called | Francis type, acc ding 


‘TABLE 


O 
m4 0.30 | 0.40 | 0.50 | 0.60 | 0.70 | 0.75 | 0.80 | 0.85 0.90 | 1.00 net 
TH | 68.5 | 7. 5 82.0 | 96.0 | 88.0 | 90.4 | 90.0 | 89.2 | 88.0 | $8.0 . 7 
1796 | 41.0 | 55.5 | 66.0 | 73.5 | 79.5 | 82.0 | 84.5 | 86.2 ae ime ee 


The curves of wheel No. 1795 (Fig. 5) at speed, 


a. with V, = 35.2, and wheel ‘No. 1799 (Fig. 11), with Ny =! 59, are” 


very similar. On account of th the discrepancy | between the peaks o of 


curves, the part- gate efficiencies are about the same (Fig. 19). 
_ Otherwise, the latter would be a trifle higher for the low-speed wheel. we 
The general tendenoy i is for the particularly at low ‘gates, 
improve as Ny decreases. 


as No. 1799 is that, ‘being : a Yow- speed wheel, it. developed much 
under test, and hence ti Joss, due to mechanical friction, wa was a 
— Much greater percentage ge of the total power developéd than was the case 

No. Wheel No. under a head of several 


“which has discussed at t length, “is especially’ 


eficiency of a low- “power such as this, wh when" 

No high- head wheel can by any possibility show high efficiency in 

Holyoke flume as it would in regular -oper‘tion, ussuming, of 

‘course, that in the latter case it is properly install. be 
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PAPERS AND DISCUSSIONS 


This Society is not responsible, as a body, for the facts and opinions advanced 
in any of its publications. 


SOME EXTENSIVE RAILROAD SURVEY 
AND THEIR: COST PER MILE. 


Discussion.* 


4 
GEORGE L. 


specifically the paper is not a theoretical discussion of 
railroad location, and later he cites as the “desired results” : 
Easiest grades. possible, against west-bound traffic; 


>< 


o's 


Te also mentions ruling grades of 03% the Little 
Division, and 0.5% on the Burnsville and Eastern Division. The — : 
momentum grade at Mile 20 on the latter division, is introduced 
to avoid a long détour”; and, in fact, the reader is impressed through- 
out the paper by the evident great advantage of the “shortest line.” _ 

the writer, railroad is simply an industrial plant, instituted 
to furnish transportation, and the ‘desired results” to be 

ed embodied in the one problem, viz., to obtain the Tine of greatest effi- 
 eiency. The author has mentioned no measure of efficiency, nor | has 


he indicated any limitations as to. the duty required of the line. | With 


o 


out these, the writer is at a loss to understand the basis upon which 


the location was made, unless it was merely to get a tolerably_ direct 
Tine, with as as good would allow. The author 


which Wellington 


__ * This discussion (of the paper by W. 8S. McFetridge, M. Am. Soc. C. E., printed in Pro- 
ceedings f for — 1909, and presented at the meeting of May 19th, 1909), is printed in Pro- 

ceedings in order that the views may be all members for further 
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cites* as of “overwhelming 
amount of traffic. The second 

gradiente—the author has | observed without correlation to the probable 
traffic. The other two elements—curvature and distance—are, within 7 
asonable limits, minor details of location, and yet apparently the 
author has given them great attention, to the negligence of one of the 
two more e important e elements. 
Since nothing can well be further removed from the theoretical 
wan of the problem m of location | than tl the actual dollars 's and cents which 
‘the road can either earn or save, let us consider such part of the profile 
- as. the author has shown in Fig. 3, between Burnsville and Buckhannon. 


“semling 0 Buckhannon westward it is noticeable that the two stretches 
f 


a Assuming at random that the line will carry annually 3.000 000° 
tons of freight westward, with heavy locomotives and modern high- 
cars, the 0.5% ruling | grade ‘permits a a train load of 
tons of lading; and the same train, returning with about one- id 


* much lading, can surmount the 1% grades | going e east. . Taking the 
train-mile cost at $1, for convenience, the annual cost of operation — of 


iv It is rather surprising that the two ruling 0.5% grades were not a 


made 0.3% to accord with those on the Little Kanawha Division. For | 
the sake of example, it will be assumed that this could have been done © 
at the expense of 4 miles more . of distance at a gross -eost of $50 000, 


of ‘mile. ~ For the 0.3% grade the train load going west would be 


ee : 2.420 tons of | lading; and the same train would return east with about 
= ~ | _ one-fifth as much lading, against the - 1% grades. Hence, the following | 
3.000.000 + 1700 88 X $1......west-bound $58240 
sal trains -bound (58 240° 
Annual operating expenses 0 on 0. n 0.5% grades. . . $116 480 
t 5.000 000 2420 X 37 X $1......west-bound $45870 
r has trains returning............east-bound 45 870 

which 


a interest at 4% on cost tof 4 miles of line..... 
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At 4%, this 1 saving justifies | _— “expenditure of $418 500 to 
- reduce the ruling grades from 0. 5% to 0.3%; this reduction — increases 
the efficiency of the line by a saving of 14% in expenses; and probably 
i would ai aiid left to take out the momentum grade at 
Unless the matter of a be viewed from some such standpoint 2 
as this, the writer does not understand how the “shortest line’ ’ practi- 
cable on the “easiest grades possible” and on the “lighest curvature” d 
can be decided. The intimate correlation of these three elements | does 
not permit of such a decision, except upon some basis other than 
A few years ago the wi writer made several su surveys yeys and d locations along 
the south shore of Nova Seotia between Cape Sable and Shelburne. 
The drainage, : flowi ing down to the sea, crossed the direction of surv ey 
about at right. angles. The route along the seashore was too irregular 
_ to justify a low line for any considerable distance, and a high . 
- sevecal miles inland touched but few towns, because these, for the most 
: ‘part, were situated along the shore. The final finished location was oi 
: compromise between two lines. The whole Sos 


fixed the maximum grade at "15% and the 


a 


In conducting these surveys, the writer found it necessary to take. 


zx grades were first cut through, and ‘the profile taken, after the 
manner mentioned in this paper, from the summit downward. — To 


me 


accomplish this object, , the transit was frequently carried several 
miles ahead of the line and set in the summit (or 0 other 


Ay _ governing point, and the profile run from a temporary bench- mark, 
the elevation of which was assumed or estimated with a barometer. 


measured line was then brought forward, connected, and run 


again: over the Particular attention was 1 then 


"this is the fixing of the of at fot 
of the grade with the assurance of passing through | the governing point — 
ahead. The writer” believes that notwithstanding the necessity of 
“sl running over the grade twice, time is saved by avoiding much backing 
up and subsequent alteration of the line back of the foot of ‘the grade. | 


It gives a continuous chainage, saves much contouring, and produces 
which lies close to the all 
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the maximum rate of progress mentioned, 7 miles of preliminary line Mr. Bissell. 
and 44 miles of location per day, has never been equaled by the writer. — —— 
He considers — it excellent work for one party to accomplish | even half 
> Lavis, M. AM. Soc. ©. E.—This paper is a valuable addition to Mr. Lavis. 
the somewhat scanty literature relating to the subject, and, undoubt- — 
edly, will be of considerable interest to those connected in any way 
pei ‘the conduct of surveys for the location of railroads. It is 
especially so to the speaker, as the methods used agree very closely 
with | those dev veloped by him between 1898 and 1902 on the Choctaw, 
Oklahoma and Gulf Railroad. ol _ Those surveys resulted in the con- 
of more than 800. miles of railroad, and, probably, at least 
as many more miles of location were actually staked out on lines which 
were » not built, The ‘speaker has ‘noe exact figures at hand , but it is 
probab le that more than So were run during 
a During the last ten or fifteen years these general methods, with | 
slight minor variations to suit local conditions and individual ideas, 
have become fairly well recognized as standard on most of the larger 
systems of country ; any rate, those engaged to any 
: extent in building new lines and extensions, recognize the absolute 
of such methods, in order ‘to determine without doubt that 
the line finally adopted i is such “that no other line can be built through 
the same country, with ‘the or less 
‘expenditure, at the same unit prices.”’+ 
the The data | relating to costs show close agreement with costs 
To presented by the speaker i in the paper referred to, and, although, in 
veral both ‘instances, | they ‘are somewhat h higher than a a great ; many locating 
engineers think their surveys have cost, it will generally be found that, — 
park, when | these low costs are given, the fact b has been lost sight of, , that 
on any survey for the location of a a “railroad, the costs, both of the | 
field parties, and proper proportion of the expenses of the main 
viven and division offices, covering all work from the reconnaissance to the _ 
—e. completion of the final maps and profiles, ready for the contractors to 
ob bid on the construction, and the real estate agents to purchase right of 
‘he surveys described by Mr. McFetridge were made in 1902 and 2 
- Tater; the costs previously given by the speaker were for surveys made 
during the latter half of 1902, so that the time agrees fairly closely. _ 
During 1903, of course, it was easier to get ‘men; and salaries, as a 
nal were > comparatively low, so that the costs, during the latter part | 


SS of ‘the time when these on the Little | Kanawha were made, 
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DISCUSSION ON RAILROAD SURVEYS 
r. Lavis. would tend to be low rather than -otherwi ise; this is shown also by 


Comparing the costs with those by the speaker,* 


respectively. the completed location, a: as described in 
paper, vary from $127 to $188 per mile, averaging $151, on the basis 
of the mileage of located line staked o out; or from $171 to $251, aver- 
< aging $202, if the mileage of adopted location be e taken, which latter 
may” be compared v with the ec cost of $192 per ‘mile of adopted location 
= “as given by the speaker. — The costs of field parties per day are given 
by Mr. McFetridge as between $35 and $40, whereas those described 


- by ‘the speaker cost from ‘$42 to $65, and averaged $46. _ The somewhat 


the cost per mile of line was higher, is probably due to the difference i in 
organization. — . On the Choctaw, although all lines were subject to 
Beso ye course, by the Chief Assistant Engineer and the Chief 
_ Engineer, the Locating Engineers, whose whole expense, in addition | 
‘ to that of an Assistant Locator, was charged to the field party, were | 
expected to be able to decide questions which, on the Little Kanawha 
‘were apparently not left to be settled by the Assistant Engi- 
neer in charge i in thefeld. 
‘Judging from the description of the country and the emer and 
length. of Tun, it would appear that the two surveys: 
3 q |= many cases rougher i in detail than | that through which the surveys 
— described by the speaker w were “made, though, in the latter case, the 
character of the country required the detailed examination of a much 
wider range in order to determine the best location. This is shown 
bya comparison of the mileage of preliminary with that of location 
on the Little Kanawha lines there were 2.37 miles of preliminary to 
1 mile of loc the speaker, the 
average was 14, a little greater than 30% more. The effect of the 
rugged detail is | shown in the considerably ‘increased cost of 
out the located lines on the Little Kanawha. 


“a ‘The generally prevailing idea as to the cost of railroad surv eys i is, 
+. 


that i in the United tenag it should be e about $100 ‘per “: aoe in . 


well- known railroad “engineer made the statement the thet, “much exce 
location has been made in America in not easy country for less than 


t Fav * Transactions, Am. Soc. C. E., Vol. LIV, p. 188. 


fu 


lower: cost per day of the field parties on the Little Sak although 4 


per mile of located line, and includes the needed 


2 


a 
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Wa 


oe : _ lines agree very closely. The average cost of the lines, as given in | pl 
“a a Table 2, shows the preliminary to have been about $28, and the location eC 
de 
| 
a 
= ae 
to 
4 
ob 
the 
for 
awe 
| 


=e SCUSSION ON AILROAD SURVEYS 


liminary for that located line.’ - He adds, referring to to the ‘supposed 1 Mr. Li Lavis. 


high « costs of the Choctaw surveys, “We must conclude that 
were not made up of veterans.” Veterans not, the 
speaker does not believe that an y line, oumide ofa . tangent ‘across a a 
‘prairie, and sometimes not be located and proper maps 
completed, for any such sum as he mentions, and that for any ordinary 
county a rough estimate of $200 per mile would be much } nearer r correct | ae 


plans ready for construction, ‘these of ‘course, not including 
details of structures. — The trouble with most of the published costs 
of location surveys is that they do not include anything but the cost oe 
of staki ing | out a location on the ground; and supervision, office expenses, _ be: 
equipment, costs of preparation of proper maps, Profiles, ete. » are 
‘There is considerable in ‘and kind of 
7 information dev eloped by surveys. _ As an instance of a not uncommon ; 
form presented to a contractor as the location profile, Fig. 12 — 
a part of a profile of a line the _ Southwest, was 
~ aetualiy sent to a New York ec contractor, | and on which he was asked _ 
_ to make his bid, this bid to be a lump sum for the whole line.  *Fig. 13 
shows a section of a typical ‘profile of located lines such as is 
§ sually required by most of the railroads in the West. The material ® 
in the cuts is explored: by making test pits” and soundings, as are also 7 
the foundations for : structures, necessary, and the information 
. obtained is shown on the profile. The quantities” in cuts and fills are 
+ 
given, with the approximate length and location of the haul; the 
quantities in structures S are estimated and shown. | In short, the profile — 
contains all the information — necessary to prepare a close estimate of _ 
cost, and ‘giv es the contractor all the information, as to the nature reof 


the work, which he requires in order to make an | intelligent bid. | is 


' ‘The profile shown by Mr. r. McFetridge in Fig. 9, as the a 
‘form £ for a location profile, seems to the speaker to be defective, inas- — 
‘much as it shows no quantities, gives little indication of the material . 
to be excavated, or the amount or direction of haul, and no ialtentinn Tee 


of the form or location of bridges, culverts, or other structures, or the oe 
“quantities of material required to build them. The — 
. ‘Tequired for the ‘proper design of the larger bridges is shown in good 
7 - Shape on the situation plan, , Fig. 10, but it is very desirable to show rd, 
on on the profile the type e of structure § and the space it occupies. ore ce 
- The speaker believes it to be of the greatest importance, not only ae 
to show the distribution of q quantities on the location profile, but also 
to in Insist on ‘their being worked | out on the profiles of all projected loca- ear 
tions. There is ‘nothing which g gives a man as completely the intimate _ 
"knowledge of the line which it is s really necessary for him to have as to. 


out and get of what | he is. is to. do 
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DISCUSSION ON “RAILROAD SURVEYS 
. with th avation, material 

One very important rule in regard to the final location, the speaker 
‘believes es, should be made inflexible: After the profile of the Jocated | 


line has been a temporary grade line fixed, tentative 


is to get material for the 


lated and ‘thle latter being mest the 
ae should t gud the profile into the field, a and, walking ove er the 


i 4 of ‘the which, by that time, ‘odd be 
almost complete. This final review, if conscientiously done by a com- 


-_- petent man, , will often save many ‘anniane of dollars in the construe- 


tion, and avoid costly mistakes, 
Although, general, the methods ods described by Mr. 


correspond to those described in in. the paper, Prev 


“necessary | to columns for grade and cut- fll. in the 
level notes, these belong n more properly | in the level notebook of. the: 
Resident Engineer, in which he records de check levels run on assum- 
ing charge of his residency. 4 7 
The titles of profiles are generally more convenient when placed 
on the outside at each end; even if put inside they should be at each 


poser rather than i in the left- hand | corner. Profiles accumulate 


‘to find the one sought. 

_ The question of the adv: antages of separate sheets as —— with 
‘rolled maps has been discussed too often for the speaker to hope to 
say anything n new at this time. 1 Mr. McFetridge, howev ever, although he 
evidently prefers the separate- -sheet method, recognizes the necessity of 
having a large rolled of the whole line in order to get : a compre- 
hensive view of the whole situation. The speaker takes exception to 
his. very ‘positive statement that the separate- -sheet method of obtaining 


topography is quicker and better than any other; to say the least, this 


prefers the method described in his paper. <A 
For small general maps of the country, on which—in addition t 


is open to argument. The speaker, who has had some little ene 


preliminary lines as well as the final location, the speaker prefers 


the principal roads, trails, streams, ete.- —may be shown the viene 


uniform scale of 5 000 ft. to the inch. These maps are useful, not only — 
to the field parties and in the office of the > Chief Engineer during oe 


. location, but also in discussions and conferences with the officials of the _ : 
‘road , and others who only require a information. They are also 
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DISCUSSION ON AILROAD SURVEYS 


f 


convenience to contractors in bidding on the » work, in order to en - Mr. Lavis. 
able them to form a better idea of its accessibility, ete. They should le 
always be prepared at the beginning of the survey, and information , +3 


‘should be added as the survey progresses. 

_ ‘The speaker hardly sees the necessity of staking out a location for 
the purpose of. choosing between two apparently equal routes, or, 
was done in this case, for comparing the lines on either side of the 

larger watercourses. If the preliminary lines have been run with an any . 
degree of skill, and the topography has been properly taken, there 
should be : no difficulty i in getting, from a projected location on the map, 


and an inspection the where this line would 


The salaries seem te t lower than 
In the West it is not uncommon to have locating engineer 
in charge, with an assistant who Jooks after the details of | the field 
Santee ring the former to explore the country thoroughly, 
devote more attention to the office work and the projection of various | : 
locations than otherwis ise could. With a conscientious locating 
engineer ‘this is a very good arrangement, and allows a much h more 
careful 1 threshing out of the country than would otherwise be © possible, 


The author | states that, on the surveys” described: 
The “Assista nt Engineer was not expected to spend all his, time 
Ww 


ith the. party, bet to be with it enough » to see that work was going on 
satisfactorily, and that lines were being run over the proper routes; a 
the remainder of his time was spent in a thorough study of the country, 
_ picking out routes to be examined, and | looking after his necessary 


The man who is. responsible for the work of the party in the — 


end be with i it most of the time, , and if this devolves on the man in 
: charge, it keeps his nose too close to’ the grindstone to allow of a a 


_ proper: perspective from which to view the problem as s a whole, to say 

nothing of taking u up practically his whole time. A proper, careful, 

study of | the many Possible projections cannot be made at night by a 7 

man who has pi put in already 10 or 12 hours’ hard work in the field, ; 


although it is really surprising how much work men on locating p parties | 


manage to get through and thrive on. 


The salary of the topogr rapher i is given at $65 per month, and, -with-— 
out intending in any way | to cast any Teflections on the young men who 
- filled these positions, this seems to be altogether too little for good ‘men. 
Taking topography has always seemed to speaker to be a very” 
simple operation, and it really is, if one has any sort of instinet for 
it, but it is remarkable how few men seem to grasp the | idea, even after 


considerable experience. The speaker believ es the topographer | should 
ie © paid only slightly less than the transitman. 
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third paragraph on page » 320,* idea cannot be impressed 
too strongly o on all connected with work of this class. “In staking out at a 
- the location » the aim was to get a profile to « correspond with the pro- = 
jection, and not to get the lines in exactly the same relative positions . govel 
shown by the projections.” In other words, there is to be no slavish ascr 
- following of the projected location as a line on the map, but rather them 
- to reproduce, on the ground, the line which the studies of the m: ap and ee 
‘the general situation have show nm is there, and | is the best. a oe 
As the speaker has” already pointed out elsewhere et ‘it is just 
that modern methods differ from the old. It is neither the old paper | 
Jocation, made without | ‘reference to conditions in the field, » nor the 
work of the Genius, described by Mr. W hinery$ in his discussion of the 
speaker’ s paper, who threw his curves at the hills, as the cowboy throws 
his rope at a steer, and sometimes hit them and sometimes misse ed. Tf 
he missed, so much the worse for the railroad. ~The modern me ‘thod. 
-eolleets all the available data affecting the location, eliminates defi- 
nitely the unavailable lines, projects on the the line which best 
all the ‘requirements of the situation i 


‘the located the projection, ay plain common sense | ‘and 


locating: skill. Ad 


yor ~ No amount of accuracy in making the original surveys and platt ing 
the map can compensate for lack of | intelligence in transferring the 


projection to the ground, extreme refinement of accuracy 


wasted, if proper intelligence is used. on 


_ The statement on page 314,* contains, in a very small compass, the 
essence of the ‘Fequirements which should govern the conduct of all 
location su surveys, a “most. ‘minute study « of the land, : a 2 thorough knowl- 
edge of its character, the running of many lines, the comparison of 

many - estimates,” are absolutely necessary in every case. The Locat- 


ing Engineer, and is meant hed man responsible for the 


and the word ‘steeped is used in ‘the sense ‘that 

uo be time enough in all eases to allow the information acquired to be 
_ taken i in, digested, and to permeate him through and through. a 

One other point brought out in the e paper, which is most important, 


that surveys of all possible routes: were made; a as the 


“map ‘of the country was or was. “necessary. “Tn al 7 
that has been written about eliminating certain Toutes by eye, and per- 


* Proceedings, Am. Soc. C. E., for April, 1909. 
Railroad Location Surveys and Estimates,” | p. 125. 
+ Transactions, Am. Soc. C. E., Vol. LIV, p. 143. 
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1aps by a hand- level, —" is no question that ai cia by actual Mr. Lavis, 


Survey, | should be furnished to the people putting up the money, or, i 


at any rate, to. those responsible for its expenditure, that there is no— 


that the Jocation adopted is the best given 


governing conditions. The ability and so-called “eye for country,” 
ascribed to the older many of 


work ; and this is necessary, not only in order to- be able to furnish — 


proof that the line : adopted is the best, but - generally — in n order to find 
this line. As stated also in the paragraph re ferred to, “On a first 


it was impracticable leave “the iver but * 


thorough study * * ga ave the | question a different 
experience has been duplicated many, many times, and in many ¢ 


the study was not ‘made, and the railroad paid the bill later. = 


= many years ago it was not an uncommon thing to hear some of | 
the Geniuses with “ ‘eye for country”—and not much of anything else 
—talk ‘about the foolishness of trying to get a 0.5% line through a— 


0% country. The results: obtained by these surveys are only another : 


instance of the possibility and practicability of finding these lines, = 
one knows how to look : for them. | This description, of work actually — 

‘accomplishe od, should be borne in mind by all who have to obtain 1 money = 
for such surveys , and, when necessary, should serve to stiffen their 


backbone to demand all that is necessary to ea rry out such surveys — - 


The author is to be congratulated on the very clear and concise 
manner in which” the information is presented, and his recognition — 
and presentation of the many vital ‘points which differentiate proper 
‘thods of. ‘making location surveys getting results from the 
‘thods adopted, simply stringing together a | lot of 

~ tangents and curves ov a tie a train ean be run somehow or other, 
if the stockholders’ money holds out long enough and no no one else builds 


a line « alongside over which trains can ke operated at half the expense. 


KE. W. Lewis, M. Am. Soc. C. E. —This | excellent ] paper is of much Mr. Lewis <a 


interest to engineers engaged i in | railroad location. methods 
q < 


outlined by the author are nearly the same as. those by. the 


country. 7 The mn e-up of field parties is identical with that pres by him 

on the Northern Pacific Railway, and quite similar to general practice. 
‘The method in the 
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apers. 


Mr. Lewis. 
4 and the exact measured given 
fore each 5- or 10-ft. contour, making it very easy to plot on 1 a large 
‘map in the office. This plotting may be in the evening, but, 
ordinarily, it is left until the next day. ‘With a ‘draftsman regularly 
employed to keep u up the map, e each day’s field work may be mapped 7 
The e method of taking the contours, by measuring» from the center 
line with a tape, and obtaining the difference of elevation with + 
_hand- level, is in accord with the speaker’s practice as being the | best 
when an | accurate ¢ contour map is desired. — He has ‘learned by sad > 
experience that the saving of a little time in taking topography by 
pacing distances, ¢ ete., is often the cause much greater loss of 
time when the gail location j is run out. 


; although, unquestionably, it saves considerable time not to do so 

The costs of surveys given in the | paper, are interesting as showing 
the differences on various Tines. costs ‘some 


country of ‘interest. On of ‘the 
Columbia River, in Washington, over rough, difficult ground, | 
largely o on n steep slopes, with “numerous ‘short tunnels, where, in some 


onder to ont the line staked, the coat for a stretch of 32 ie: was 


out $325 “per mile. In Massachusetts, through ‘an average « country, 
pacer wooded, the cost of 20 miles of location was about it $150 per 
+ mile. q In North Dakota, 60 miles of location over a rolling { prairie, and 
crossing one deep, broad v valley, cost $110 mile. In another section 
“ae -- of the same e State, over rolling prairie, the « ‘cost was $80 per r mile. 
‘These figures are for the total cost of the final location, i including all 


preliminary, trial, and abandoned lines. 


Mr. Dillman. - Grorce L. Distman, M. Am. Soc. C. E. (by letter) —The w writer is 
balls hie impressed by the absolute lack of of value of t this paper to the Profession, 
the uselessness of the conclusions drawn, and the pernicious possibility 


location. 
parable i in time, cost, or 
~The writer was transitman on . two. locations which are worth 1 noting 
es being extremes in his practice: The first was in Cottonwood Caiion, 
the Grand River in Colorado, between Dotsero- and Glenwood 
Springs. Afterward the Denver and Rio Grande built its line on the 


opposite side of the cafion. ‘There was a great deal of clearing, and 
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DISCUSSION, ON ‘RAILROAD 


the topography was ‘such that direct was impossible, 
so that a great deal of triangulation for distance was necessary. _ This 

Tocation cost more than er mile. 


extending ‘more than 100 from North Platte. The 
country was open, , there was no clearing, the tangents averaged about 
9 miles, and the cur ‘ve angles between iy ey were small. r This location 
cost between $17 and $18 per mile. = : 
These locations ‘were each fully staked on the ground. | 
‘include maps, profiles, and computed estimates, as all 
nary work. = The parties had about the same er of men and 


party Each party worked for Jong hours. 

If there was any difference, the cheaper location was the more carefully | 

made. Tracings of each map were filed with the Interior Department, 
accompanying applications for rights” of way across Government land, 
and each location was ready for the construction crews. 
These locations are probably not extremes; there. “may have been 

; chea aper locations made; undoubtedly, there have been more ° expensive 

one W hat is desired is to bring: cout the fact that there is no possible | 
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CAISSON” ‘DISEASE AND ITS” PREVENTION. 


af 
Discussion.* 
By Messrs. J. Ss. S. Hat DANE, FrepericK L. Keays, ALBERT J. Looms, 
L. Saunpers, Watton I. “AND SEWARD ERDMAN. 


Dr. J. S. Haupane, F. R. S. (by letter ).— After) very carefully read- 


ing Mr. Japp’ the write r considers, to b an ab le 


‘ase. 
‘He clearly points out the difficulties involved in adopting without 
modifica tion for all compresse essed-a air r work the | plan of ‘ ‘stage decom- 
pression” worked out by Dr. Lieutenant Damant, the 

writer, which has been in successful use since 1907, for divers of the 
British Navy. A full account of the experimental evidence on which 
this: plan is based will be found in the Journal of Hygiene, 1908, . pp. 

- B49- 443. It will be seen from this ‘paper that ‘most of the experiments 

were made at very high pressures, , such as 75 Ib., they were 

out with a view to. deep diving. It was many reasons 
‘desirable to leave a good ‘margin of s safety ; and, therefore, this is margin 
was left, particularly as practical ‘experience in deep diving was very 
7 limited, on account of other causes which the writer and his associates 


- had just succeeded i in removing. 


” a ork in tunnels and caissons, however, is conducted at much lower 
p 


ressures; practical experience is much | more w wide; and, thanks mainly 

to Mr. Moir, recompression | is ‘usually readily ay available. It becomes | ) 

question, therefore, whether the margin of safety which was allowed 

in decompression cannot be narrowed without appreciable danger. 

- new evidence which Mr. Japp has brought forward certainly seems to 


* This discussion (of the paper by Henry Japp. M. Am. Soe. C. E., printed in ‘Procecd- 
ings for April, 1909, and presented at the meeting of June 2d, 1909), is printed in Proc ecd- 


ings in order that the views expressed may be brought before all members for further 
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‘tion of the East Tunnels 330 “seasoned” men were e employed 
36 days — int two 3-hour shifts at a pressure of 40 lb., and were decom- 
pressed by a ‘modified form of stage- -decompression i in 48 min. - without | 
serious case of caisson» disease occurring. Thus there must 
» 


4 have been about 24 000 individual decompressions without any ; mishap. 
th the laid down in the writer’ paper, of the baie calculates 


results the phi to shorten in such a 

way that in place of the 19 lb. of residual saturation which the writer 

has proposed, 25 Ib. should be left the case of “men who are 
“seasoned” te to the work. his would greatly “shorten stage- decompres- 
and render it a much more easily practicable process, although | 


serious of « caisson on disease, would not be prevented. 

— reason for the proposed 19 Ib. is that occasional serious “eases 
seem to occur at working pressures down to 20 Ib., and that a 
case is. recorded at 23 Ib, On the other hand, there can be little 
doubt that for the great majority of men a pressure of 25 lb. would 

not cause appreciable danger. Provided, therefore, ‘that susceptible 
men can be excluded, ‘Mr. Japp’: 's proposal would seem to be consistent 


gs Susceptible individuals can doubtless be excluded, to some ‘extent, - 


by a eareful medical examination, with special regard to the state of 

the heart and blood vessels, and to any general debilitating cause, — 
7 — — age must be included. Another very important factor 
s. Dr. Boycott and Lieutenant Damant* have recently shown > 

ty ieee on animals that when the exposure to compressed air 
prolonged, , fatness increases the ‘susceptibility caisson disease. 
They decompressed 70 guinea pigs at a dangerous rate after exposure 
toa pressure of 100 lb. | Exactly half of the animals died of caisson 
the other half were killed. The p percentage of fat 
hen determined in the bodies of the two sets of animals, and was 


7 found to be n much | greater in those which had died of caisson — 


= 


all British naval divers are now disqualified at ‘linge examina- 


xam nination 


Papers.] DISCUSSION ON CAISSON DISEASE eH. 
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j 
i men at 1e en oI decompression, correspondec a pressure O a 
i Aa 
— 
— 
— 
* 
a 
1 
4 disease simply picked out the fatter animals. In consequence i = 
| — 
While a medical e xclude most o 


Dr. 9, Haldane, more — individuals, it still seems very doubtful whether all | 
ean be excluded in this way. With new men, , therefore, it is desira 
7 ‘that preliminary trials should be made with short shifts, as was the 
practice in the East River Tunnel work. These men should be eare- 
fully watched after decompression, and promptly recompressed if they 
show any threatening symptom; and any man who has’ shown threat- 
autions, in addition to medical air- lock 
and “keeping the men 1 within reach of recompression for about an hour 
after they come out, the writer thinks that in all probability. Mr. 
_Japp’s plan would prove successful. For casual visitors, the duration: 


of stay could be limited so that on coming out the maximum saturation 


in their bodies should not exceed 19 lb. vik 
The conditions vary s so widely in different kinds | of work in com- 
pressed : air that it seems is hardly desirable to lay down by legislation | or 
otherwise hard-and-fast general rules as to decompression. The 
: writer, however, thinks that for any | particular undertaking in com- 7 
pressed air, ‘special rules, suitable to the particular” 
‘should be drawn up and strictly enforced. if these rules ner also. 
have some authoritative sanction, | as, for the case of 
Rules” under Coal ‘Mines Act in 


FREDERICK L Knays* (by. letter).— —The prevention of 


ec air illness is, of ¢ course, ‘most important. It is s likely that with 
_ the modern demands of engineering » even greater compressed- -air under-| 

takings will be projected i in. the pera ‘than in the past. Any means, 
therefore, which will add to the safety of the workmen, will not only 


‘benefit humanity at large, but will also. of more extensive 


7 
1e three great factors in n the causation of compressed- air illness 
ar e: The degree of pressure, the time under pressure, and the decom- 

_ pression period. The degree of pressure is, of course, the chief factor; 

and it may be stated that, other factors - remaining the same, the higher © 

7 the pressure, the greater will be the dangers of f compressed- air illness. 

The degree of pressure which is to be used in undertaking is not 
ar matter of choice, depends on depth to which work must 
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This is true, up a certain at which ‘thet re 
S is complete saturation of the blood an 1d body fluids Ww ith the gases of the 


Late Medical Director for S. Pearson and Son 
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DISCUSSION ON CAISSON DISEASE 


air. ei Haldane has made. a valuable contribution to the subject of Dr. Keays. 7 
compressed-a air illness ss by his work on the question of body ‘saturation, 
and Mr. has worked out Dr. Haldane’s theory in a plain and 
The body fluids a are practically” saturated at any given pressure in | 
about three hours. This belief is based on 1 the results of the work in ae 
the Pennsylvania | East River. ‘Tunnels. ‘From a a study « of the records, 
it was found that men working for periods of less than 3 hours: were 
less likely to have ‘ “bends,” and much less likely to have a serious Re 
those who “worked for 3 hours or longer. Furthermore, it 
was found that in comparing the results of 6- hour shifts—which, since - 
they "were divided into two 3-hour periods with | an interval of 3 aa: 
at normal pressure, really meant 3 hours’ exposure—with the results| 
of 8-hour shifts, at almost equal pressures’ and with corresponding rates 
of decompression, there were fully as many cases of illness with the 
former shifts as with the latter, and certainly more serious and fatal — 


— has been emphasized i in the past 


‘ 


a “dividing the shift into two. 
is a ‘ome, doubles the number of results” 


“pressures of from. 49 te 50 lb. 6 hours 32 to 

42 Ib. - -, and 8 hours for pressures below 32 lb. +, and if the decom- 

pression periods were increased to reasonably safe lengths of time. 
The question | of the decompression period is a difficult one to settle. -_ 

Tn first” place it admitted that certain men have in- 


without ‘any symptoms of illness, another, 
‘under even more favorable conditions of pressure, length of shift, and 
time of decompression, may succumb to sudden death from “syncope 
-= collapse, and the autopsy “will ‘show large quantities of free gas” 
in the circulatory system. Among practical compressed- -air workers — 
there: is a decided difference of opinion as to the necessary length of : 
decompression periods, ‘some claiming that quick decompression 
is preferable. Nearly all men, however, have dealt with the sub- 
ject from the physiological and medical standpoint, have advocated - 
fairly long times for decompression. The writer believes that lengthen- 
ing the time of decompression is the most efficient means of reducing: 7 


the number as as the number 


ats 


aa 


| 

| 
7 

__reason_for this susceptibility is has never been learned. The fact $$ 

— 
= 
On account of the common occurrence of cases of delayed onset — js 5a es 


v8 DISCUSSION ON CAISSON DISEASE 

of symptoms, it is not believed that lengthening the decompression to 
by Bert, von Schrotter, Hill, and Haldane, 


the writer’s. experience a ‘comparatively large number of first 
begin to have symptoms of compressed-air illness several hours after 
decompression, in some cases after many as 12 or 15 hours, and in 
a fairly large number, | after 3 hours. In two fatal cases ‘symptoms 
began to appear between 2 and decompression. hy 
- these men should not have had symptoms, even if they had taken as 
~ long as as 1 hour for decompression, the writer cannot see. He belicy — 
— however, that reasonably long decompression periods are efficient 
- reducing the number of cases of illness, disability, and death, 
what reasonably safe lengths for decompression periods 
= have never been determined. In the work on the Pennsylvania Kast 
- | River Tunnels after April, 1906, a rate of decompression of at least | 
_ 1 min. for each 2-Ib. pressure was required, and quite generally fol- 
lowed. seemed to cause less illness and a reduction in the number 
of serious ¢ cases, as. compared with previous months when there wi 


‘no rules as to. the rate of decompression. Even this rate ‘of decom-. 
which was has been ‘required in any — 


pag pressures above 28 which, 
this rate of 2 Ib. per min. appears to be safe. 
Mr. Japp has set forth Dr. Haldane’s method of ‘ “stage” decom 

pression, which is claimed by the latter to be me more efficient in 
venting: illness than uniform rates of decompression of even longer 
times. The Ww riter_ does” not think that enough experimental work has 
been done to prove the efficiency of * ‘stage” mt decompression ; but ‘its use” 
in diving has proved very satisfactory, and experience with the extra 

_ bulkhead i in tunnel y work, which necessitates an interrupted decompres- 

3 roughly | corresponding to Dr. Haldane’s s method, would, argue 
for “stage” decompression. 


if it were possible, in accordance with Dr. Haldane’s suggestion, to 
7 arrange a large decompression chamber in which a pressure equal to. 
one-half the : actual tunnel pressure could be maintained, _— the men 
lec e the time 
te bathing and dressing erry perhaps, for probably 
prove a valuable means of preventing illness, and, at the same time, 
permit of working with comparative safety under higher | — 
a Medical supervision and examinations | are important and are instru- 
‘mental in venting serious results” from the effects of compressed 


of compressed than ‘normal New men are 
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DISCUSSION ON CAISSON DISEASE 

certainly more susceptible to the ef effects of f compressed air than old Dr. ery 

workmen, When high pressures are being cused, a preliminary test of 

second and of 13 to 2 hours 
for the first working period, are effectual means of guarding ; against 
serious results among new w workmen . These 1 means proved —_ valu- 


in work Pennsylv ania | ‘Riv er Tunnels. 
air "This know can be gained only by 
_ work with animals, supplemented by records of compressed-air under- 


takings. By a adopting new methods which a to be improvements ahi 
edge of what reasonably safe in of shifts and decom- 
( Compressed- air work i in tunnels and caissons, ;, where pre pressures essures above ay 
30 Ib. + are used , will always remain a dangerous occupation in in ‘spite 
of all reasonable precautions, for one ean hardly hope to prevent all 
eases of illness. | Those cases due to small quantities of free gas are 
almost sure to happen, and a small proportion of them is likely to 
resi it in ‘paralysis, which may cause permanent. disability or death. 
Until the reason why certain men are susceptible to the effects of com-— 
pressed 2 air, can be learned, and | such individuals can be "recognized, 
cases of sudden death from large accumulations of free gas are almost — 


certain to oceur occasionally. 


Dr. ALBE BERT. J. - Loomis. *_The author deserve: es great. praise se for the Dr. Leonie, 


clear and > mer manner in which he has stated the ideas of those aie 
who have investigated and written ‘on the subject « of -compressed-2 
But after ‘a pretty wide experience, extending back over twenty 
years or more, with pressures ranging from to Ib., gauge 
pressure, the speaker cannot agree with him, or his | authorities , as to 
cause of disease under discussion. While admitting the 
3 “saturation theory” ” as laid down by Bert, von Schritter: ', Haldane, and ; 
0 
— 


irs s to the formation of bubbles of gas or air in the blood- 

vessels themselves: ‘They have only been demonstrated ‘in exceedingly 

high pressures—15 or 20° atmospheres—which, at the present time, are 
‘considered impracticable as working pressures. these bubbles should 

occur: in the blood-vessels” of the men, working as they do and coming 
out as they do, there would never be any use for hospital locks, as the 


“men n would all die | of suffocation before they could be gotten to them, 
owing to these minute bubbles becoming entrapped in the very small 


panies. 


hief Medical | Officer, North River Division, Pennsylvania Tunnels | and Hudson Com- 
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vessels or capillaries of the lungs, and the oxygena- 
of the blood, a surgeons frequently 


be a a general set attacking all parts of the body to 
a greater or lesser extent, , which is the very thing that does ‘not 
_ happen, but, on the contrary, they show themselv es in a very few 
localities, and most of these localities” are in the lower extremities, 
Situations which any surgeon who is at all proficient in_ locating 
nervous lesions by their symptoms, w vould place without hesitation in 
ry the spinal cord, and in the lower portion of the cord. wh) 
oe _ On the other hand, there is practically but one set a symptoms, the _ 
called “staggers,” which would lead physicians to look for a a cause 
r lesion in the brain, a condition which is quite rare when compared 
. with the great number of cases occurring in the lower extremities. 
_ Should there be any change in the composition or condition of the 7 
‘wed the brain would naturally be the first organ to show such change, 7 
as it is without doubt the most delicate organ of the whole anatomy. _ 
reference to the the engineers of the North River ‘Division 
of the Pennsylvania Tunnels have prepared a chart which call the be 
eases of compressed- air sickness have been plotted, this chart 
_ shows that, on that work, the greatest number of cases occurred ata 
5 time when the CO, was only 1 part in 1000, with a pressure of ine 
7 20 D to 25 Ib. ; $ and, likewise, when | the pressure was 28 lb. and the CO, 
oe “was as 2 parts in 1 000, there were no cases of caisson disease. ae 
hile isn not to place much stress on the 


7 


changes play 1 a very great part of the 
- disease, as do also the habits of living of those engaged in the hed 


_ When it comes to the examination of men, the medical officer should _ 


_ ‘fit himself for the work by a close study of the conditions under which 
7 - the men are to work, and his power of rejection should be absolute. 
The selection of the men should be the duty of one man who should, 
be for their welfare while they are at work under 


rey in work of the 3 in the construction of 
‘Hudson and ‘Manhattan T ‘unnels, about 38 000 men have been ex- 
amined, since 1902, for ] pressures of from 15 to 42 Ib. » with three 

deaths, and in the construction of North River tubes of the 


Pennsylvania Tunnels about 7000 men have been examined for. 
pressures of of 15 to 88 Ib., with no deaths. 


Mr. Saunders. L. _Saunpers, M. Am. Soc. 0. This is a subject about 

— which very little of practical value has been written, and the speaker 

is glad to note that Mr. Japp has gone into. the matter in so much — 


detail, both from: theoretical and practical standpoints. 
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Os ‘aisson disease, or the “bends” called, does not Mr. ‘Saunders. 
differ from other diseases, in that doctors are very apt to disagree ex 
it. . Heretofore the subject has been treated in. print mainly 
from ‘a medical standpoint, various theories being” advanced as 
the cause of this _ disease, that i is, whether it is due to mechanical or 
‘chemical action. The speaker remembers when the most plausible 
theory advanced | for the cause of caisson disease was that the blood, 
which had been compressed and held in a state of tension, was 
suddenly released by decompression, creating a pain when coursing 
through the veins. This w was illustrated by the statement that if a 
string is wrapped tightly a1 around one finger and then suddenly un- 


finger is temporarily in pain. subject has been. dis- 


“disease been weil established by the experiments to he 


refers that it is now generally accepted that bubbles are the cause of 9 


Compressed air is 8 hobby, and i in his early exy experience 


by Japp, toa a 34 he felt the of 
the “hends,’ and has descended to great depths in mines and in 
diving apparatus ‘under the sea, where similar sensations have been felt. _ 7 “; 
J ersonal experience in_ a matter of this kind always fits one to 
judge better the causes as well as the - effects, and it may add some- 
“thing to the interest in this matter to recite an experience which the _ 
speaker had some fourteen years ago in the old Hudson tunnel, now 
called the McAdoo tunnel. This tunnel was started _by Mr. DC 
ge a little before, or about the time of, the Centennial at 
Philadelphia, in 1876. Mr. Haskin conceiv ed the idea of driving — 
a gine under the Hudson River by 1 maintaining a chamber of com- 
- pre ssed air to hold up the face. . He v used no shield, and as the material 
Srough which he worked was ‘more or les less unstable, he met with con- 
siderable difficulty. ‘and lives were were lost. He sank his « entire 
ortune in _ the work being taken up later by English 


“tunnel At that ‘time W. Moir, M. Soe. C. E. was in charge of 
work, and the experience which he gained there no doubt 


the East which “Mr. Japp has so : ably ‘referred to and with 

which he has been connected ins 0) important a position. During the 
administration of the e Pearsons, the late Rothwell, Am. 
0. at that time editor of the Engineering and Mining 


Journal, and the “speaker were invited to examine the tunnel for the 
of a report thereon. About an was under 


on ‘ie w “the speaker was 
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DI SCUSSION ON 
Mr. Saunders. of the | “bends, ” the e effect being like that of a ‘paralysis of the lungs. 
horizontal tank, resembling a common horizontal boiler, was at 
_ hand, and the patient was transferred to a bench of straw, the door 
was closed, ‘compressed a air was turned on, and the relief was instan- 
taneous. A pressure valve, provided for the purpose of admitting d 
discharging pressure from the tank, was used to enable the prisoner 
to / escape, but it was noticed that when | the pressure fell only two or 
three points the “bends” returnes 1, and it was only by the gradual expan- 
of 1 ure, g about 4 hour, that the patient was able 
open the door walk cured. The necessity for reducing the 
_— gradually, as shown very graphically by the return of the 
“bend di he value of the tl f 1 decompres 
en indicates the value o the theory gradua decompression. 
| It also bears out the idea that time must be given to permit the escape. 
of the little bubbles which accumulate in the body. 

An interesting incident was noted in connection with this exy experi; 
ence. . When the pressure in the tank was lowered, — through the dis- . 
charge of air, a fog formed instantaneously, and as soon as air was let. -_ 

in and the pressure increased, this fog was as promptly dissipated. 
‘The speaker experimented with this for some time—manufacturing 
and annihilating fog. The lowering of pressure, _ of f course, resulted in — 
- eooling ‘the a air, and, vice versa, inereasing the pressure heated the air. 
As” the air was cooled, fog was precipitated immediately when the tem- 


perature reached the dew point, the capacity of : air for moisture « de- 


-_ _ pending entirely on volume and temperature, that i is, a certain fixed . 

a volume of compressed air or free air can hold only a certain quantity ‘of 

moisture at a cer tain temperature. ca the temperature | is raised, ‘it 


will hold more water; ‘if the temperature is lowered, the moisture 
mane he precipitated first in - fog, and later, in the form of rain. | 


‘Mr. Aims. ‘T. Ams, M. Am. Soc. C. E. —The literature on caisson 


7 disease is quite extensive. The causes | of the disease now seem to be 
well determined, but difficulty i is found in practica ly with 


— 


man ’s resistance ‘the effects air, 


_ workers of ‘mature years, and even some temporary indisposition may 
‘di an attack in one who has s previously been pronounced physi- 
eally fit by a ‘medical examiner. 
Ing nearly all compressed- -air work there is difficulty in compelling 
the workmen to take a reasonable time in the air-lock while decom- 


pressing. . Believing that this is due largely the extremely 
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The age of the compressed-air worker has an important bearing 

= on his ability to withstand the effects of too rapid decompression, but. t 
youth generally lacks experience, and, in difficult work, some com 

- _ promise has to be made in drawing the age limit for entering the 7 

t 


Mr. Aims. 


Battery-Brooklyn tunnel by introducing a a constant flow of heated dry 
air while the lock 1 was being e: exhausted. In addition to removing the 


cold and fog from the lock, this heated air also provided f for ventilation — 


while decompressing, a feature not found in the ordinary compressed- 
air lock. The comparative | freedom from | caisson: disease at the 
Battery- -Brooklyn tunnel, where practically no “age Timit was estab =i ; 
lished, seemed to indicate the value of thus heating and ventilating 


the air-lock during the decompression period. 
Dr. SEWARD ERpMAN. *—The speaker wishes to acknowledge his Dr. Erdman. 
‘appreciation of Mr. J app’s instructive contribution to. the literature ; 
of caisson disease, and feels that the general adoption of the ‘sug: 
gested ‘ ‘Step Decompression Method” will aid much in robbing com- a 
pressed- air work of its gravest dangers, 
The reduction, to terms and « curves of mathematical precision, of — 
the time and pressure elements, as shown on his charts, most 
interesting; ‘but it seems to the speaker that there will always be 
another factor to be reckoned with, one which cannot be reduced to 
terms, and yet which will continue to render uncertain 
result of exposure to compressed air in each individual « case, 


‘This indeterminate factor may be called the ‘personal equation,” 
: “and seems to be dependent | on the functional efficiency of the circulatory a 


respiratory apparatus, 


lh the experience of all who have seen much of. -compressed-air 

work, cases are ‘not infrequent. where men, who ‘are seasoned air 
workers, will work daily, for long periods of time, at fixed conditions 
| of pressure, length of shift, , and decompression time, without suffering _ 


any ‘ill effects; but who come to work the next. day, under e3 ly the 
same 1e conditions, , only to gosta a severe or even n fatal attack of “bends.’ af 


Tn explanation o of such accidents as are above cits ed, it is likely 
this “escape valve” is temporarily clogged. 
esaturation of any given part of the body will be "impeded by 
which slow the blood current in that area 


Thus congestion. of the lungs, or the of mucus in 


lungs; therefore the lungs act as the ‘ “escape valve’ for the 


the a air spaces (as from a -eold) may act as clogs to the ‘ “escape valve,” a 
thus increasing the time necessary for desaturation, and, under such 
onditions, the body does not rid itself of the gases in the average time, 


an attack of “bends” results. 


charts, ¢ can 
of poi and the “blood 7 take | place 


Formerly} a"Medical Officer on the East River Tunnels Contract. 
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a By Joux Moss, Am, Soc. C. 


Joun- Mosrs, Am Soc. E te letter) —This investigation 

is to be w welcomed as a forerunner of - many more in which « ag ane 


of the actual conditions 1 under working loads will be made. 7 Tests to 
destruction, ¢ or to any point beyond the elastic limit, are re of very doubt- 
ful value, and the practice of making them the basis for designing has 
been justified only by the supposed impracticability of making such 
tests as are described by the authors. — Certainly nothing can be more 
_ illogical than to find capes load, the first application of which will cause — 
destruction, and then | to assume that any. arbitrary fraction of that. 


can be carried indefinitely with a proportional factor of safety. 


The absurdities of this method have become pri 


practicable are very encouraging. Ww ill need to be many in 
- number and to be made on structures when first erected and again on — 
a same structures” after they have been in use a while. | ‘They will” 
need especially to be made on details of all kinds i in order to eliminate 7 
very large element of guesswork which n now enters into” this very 
important part of designing. Some of the authors? conclusions bear 
significantly | on this They find ‘no relation 
between the stresses actually observed and the stresses computed by 


This discussion (of the paper by Arthur N. Talbot, M. Am. Soc. C, E.. and Herbert F. 
Moore, Esq., printed in Proceedings for April, 1909, but not presented before the Society, 

a is printed in Proceedings in order that the views expressed may be brought before all 
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) and ‘suggest that the desig n of details and condi- Mr. uM ses. 
column formulas,” ar ugg at the d condi- Mr. Moses. 


- tions of manufacture n may be such as to make void the usual assump- 


tions entering into these formulas. as. 


subject of detailing i is connected with that of 


limited to one- -half the limit, 
of the uncertainty which exists Jin regard to the proportion of the 
- strength of the main members, w w hich can be developed by the details. 
: — With more exact know vledge of the actual distribution of stresses, and 
with the advance in the art of designing details which will | accompany | 
this advance in knowledge, it may become apparent that higher cost 
of be much more than offset by reduced expense an 
for material. Better methods of manufacture will also make 


shadows. The recent rapid increase in the variety of sections rolled © 


shows that this study of detailing need not be confined to the sections 


which have been standard for the past thirty years, ean . 
‘The authors show by ex xample that a bend of le less tl than ; To ‘in. 


channels of Column No. 1 would account for an increase of stress of 
per cent. Shop experience shows that, aside from kinks” due to 


handling from the: mills shops, the 


3 le use of stronger steels, with all the possibilities such a change fore- 


Plates will show between the rivets after driving. “Twisters 
must often be applied to columns during r riv veting | to keep them from 
assuming a spiral form. — Designers insist that lattice bars of columns 
made of four X- -shaped angles, shall intersect on a common rivet, and 
that it the tie- plates shall be of the same thickness | as a single bar, expect- 
ing ing the angles to be pulled down by the riveting 1g. They are pulled down, | 
— with a resulting kink in the outstanding legs as well as in the riveted _ 
Numerous examples of this kind could be cited in of the 
authors’ statement as to conditions: of manufacture. = 
The authors’ experiments on lattice desirability of 


columns are used; frequent bending of lattice bars 

shipment and erection. emphasizes the argument to those acquainted 

with the facts. A return to closed sections with separate joint pieces 


The sceumulation of 1 further data is to be earnestly desired, and 
will certainly have marked effect on ‘the future development of 
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THE SE WER sy ST EM OF SAN FRANCISCO, 

on AND A SOLU TION OF THE 
WATER FLOW 


PROBLE) 


s E. Grecory, 


- 


Ww riter’s erg ap are “few eases when it is advisable to handle 

storm- -water and s sewage together; and it is ‘particularly objectionable 

when the discharge is below water. For a given district, » variations 


of the quantity: of sew age proper are slight, while the storm-water will 
vary from nothing for | a great part of the year to a quantity many 
times in excess of the sewage on some occasions. ; m0 
- Tn a main emptying below water level, therefore, and designed to 
carry both storm- water and sewage, the velocity would be so slight 
when s sewage alone v was being carried, that sedimentation would t take 
place. ¢ Cases are conceivable. where the sedimentation would —~ q 
great during prolonged dry seasons that the mass would be too great 
- for the first storm to remov ve, and serious damage might be done to a 
the outfall piping and the lower sewer districts. 
It might be claimed that 1 the relief outlets would take care of all: 
- the storm-water if the main pipe were obstructed in this way, but if 
~ such a thing should happen, and the storm were of a low intensity, 
_ the sewage which would take the relief outlet would be diluted so so 


slightly as to be offensive, and as the relief sewers are to empty i 


exposed places, this would be objectionable. 


ie: * This ee (of the paper by C. E. Grunsky, M. Am. Soc. C. E., ore in 

_ Proceedings for March, 1909, and presented at the meeting of May 19th, 1909), is printed in 

¢ Proceedings in order that the views expressed way be ee before all members f 
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— The w writer, believes s that sewage _— and storm- water - should be mr. 
handled in separate conduits and under separate systems. The sewage 
should be discharged below low-water © level in such a manner as to. 
proper dilution and removal by currents, as described by Mr. 
Grunsky. . The storm~ water should be discharged above level, 
when possible, at the most convenient beach or pier head. The out- 
fall for sewage proper should be of such cross- “section that the velocity ; 


against the back-water would n never fall below 0.5 ft. per. sec, 
Roser G. Dirck, Assoc. M. AM. Soo. E. (by letter), —In con- Mr. . Dieck. 


Hammatt. 


the storm- water drainage ‘system of Manila, 
unde clearly the essential ‘geographical features of the city 
remarks are necessary. The « city situated the mouth of 
Pa asig ‘on the east shore of on an alluvial ‘plain 


Luzon. In to major stream, , the river | 
. main branches which take e off within the limits of the city, and serve 
as additional reliefs in times of high tide and floods in the river. One - 
= ‘ranch extends north and the other south, and both are of about equal 
importance. ‘There are several smaller which intersect these 
; branches and the main stream, forming | a network of canals of more 
or less importance, , which | makes the system of waterways practically 


also : sev veral minor connections to the bay, 
but these are’ of lesser importance. — Except at extreme low water, Py 
practically all the 1e streams are navigable. for small 
furnish a ready means: of transportation. larger streams have 
been dredged Ww where shoaling has occurred. 


The ground» sur face rises from about 2 m. above mean _low water 
= in the southern and western portions of the city to about 5 m. above = a 
the same ¢ datum in the northeaster n portion, where small foot-hills are © 


= encountered. Practically 7 15% of the area of the city lies within these Fi 

elevations the average range of the tide does not exceed 
1 m., water is encountered in portions of the town at a | depth of 1 m. 
the street surface at high tide. Because of this low 
the water- table is almost constantly near the surface in large areas of - 
the town; and, for the most part, in the business and residence sec-. 

trenches ‘more | than 5m m. deep require to to be pumped. As these 


sections - required attention at. once, it was soon seen that the shallow 


the design of the sewers. he: rainy season, which occurs 
from about. June to late in October or even to early a 
consequence of the torrential rains, tl the water- tate rises, and, in some 
parts, almost coincides with the street surface, making dry trenching 


— 
— 
| 
=. — 
— 
— 
— 
q 
4 
1 
q 
— 
— 
— 
oe 
4 
— 
— 
— 
| 
— 


_ 792 DISCUSSION: THE SEWER SYSTEM OF SAN FRANCISCO [Papers. — 


. te a The river ewe a depth of about 14 ft. at the east ‘end of the harbor 
oo — (obtained by dredging), decreasing to about 6 ft. at extreme low water 


at the eastern limits of the city. The main branches have a maximum 


depth of about 8 ft. Gaugings of these streams and the river have not 
been made, but, in times of current a of 


nearly 10 ft. per sec., 
50 000 to 60 000 sec-1 “ft. F or most part, esteros the ranches 


admirable recipients of storm-water, and makes further subdivision 


into drainage districts unnecessary. oe 
OUTLINE SKETCH OF 


— 
MANILA, P.l. 


Sar 


= 


Before it was possible to arrive at a satisfactory solution, it was 


evident that t the entire question of ‘street grades would have to “ae 


- considered, and that some definite plan for ‘these, in opposition to the 


7 - former, haphazard plan, would have to be adopted. To this end, care 
a ful levels were taken throughout the city, and the data were marked 


the city’ plans. Pr reliminary computations clearly showed that t 


4 avoid excessive fill » which, under local conditions, would have proven 
extremely costly, and to protect property interests against serious 


d 
t 

\ 

a 

— 

= — 
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damage following violent changes in 1 grade, a fiat Mr. Diet. 


~ absolutely essential. After long discussion, this grade was fi fixed at the 
absolute minimum of 0.002. It had been observed that. water would 
~ stand, on the most carefully « constructed work laid to a grade less than 
ss and as all stagnant water is objectionable i in the tropics, it was 


held that this feature should govern t the work, even if in| street con- - 
struction the item of filling were large. Asa further limiting factor, 
it was fixed arbitrarily that the street surface at no point should be 
less than 07 75 m. above the highest tide. The limits set varied for 
the various: districts. Although it was known that all the low dis- 

~ triets would be subject to overflow during high floods in the 1 river, it 
still held that some_ reasonable height of street surface should 


be fixed in all cases, in order to i improve e, wherever possible, a leciatead 


Ind condition 


limitation was 1 in to cover. After some ‘observa- 


cover was fixed at 0. 0.60 m. Y Up to the present this cover r hae been su: 
cient. For reinforced sewers no limit was, set except an amount suffi- 
cient to clear the paving. Under the worst conditions, therefore, with 
the further provi ision that the sewers should not be laid below mean 
low water, because of the likelihood ‘of silting, the sewers had to be 
designed to fall entirely within from 1.15 to 1. 25 m. It It was essential, 
also, that the space occupied by the sewers : should be kept at the lowest _ 
limit in order to provide for other s ‘structures in| the narrow streets, a 
zz in some cases, being only | 8 m. between. building lines, with a 
elear roadwi ay of, only 6m. At every turn, therefore, certain: definite | 
restrictions were to be observed, and also the strictest economy in space 
and head-room. 


A study of the rainfall records was then oa Fortunately, the | 
admirable records. of the Philippine Weather Buseen available, 
and were examined for maximum “intensities for a period of at least 
16 years. The records clearly ; showed that intensities of more than 


in. per hour were not t uncommon. Table 20 is. a list of 


storms which were considered as probably the worst to: be encountered. — 
+ Storms having an intensity of 2 in. - Were common throughout the 

rainy season, and occurred when the ground was thoroughly saturated, 2 
well as during the drier times. It was evident, therefore, that no 

relief could be expected from ground storage, but, as the runs in the 
ere short, it was decided that the maximum flow could n not. 
until | about 10 min. 1. after a a severe re rain had commenced. Table 

20 shows that ordinarily the very heavy rainfalls did not last more 


20 ) to 25 min., 80 that if the occurs as 


np for 10 or min. As there are or in the 


city, Provision against back-water in the sewers ‘was not required, and 
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Mr. Dieck, it was considered that with safety and at the expense of only 
_ temporary inconvenience, flooding of the roadways would be. permis- | 
sible unusual storms. Under such cases the sewers would run 


= 


ABLE 20.— TYPICAL STORMS IN THE PHILIPPINE ISLANDs. 


= 


in inches. minutes. inches 


in inches. 
| 


July 19, 1899 
Sept. 15, 1891... 
July 16, 1890 
Nov. 16, 
June 

Aug. 

June 

Sept. 

ept. 

July 

Aug. 


Record imperfect. 
imperfect. 
Record imperfect. 
0,985 
Record 
(0.73 
is 
Record imperfect. 
uly 9 
y | 


Sept. 0.985 
July 1.68 d | 
Aug. 26 5 
May 
Sept. 


of a 2-in. the: excessive storms from 
relying on the sewers under pressure to discharge the excess, and per- 
mitting the flooding of the roadways for min. In the design 
account was to be taken of the increased capacity of the sewers due 
to this head, the excess being viewed merely as a factor of safety inv 
the design. — This compromise was made only after the closest prelimi- 
_ nary trials and after it was c clear that the restricted head-room, flat 
grades, and the necessary economies in expenditures required — some 
 eoncessions to be made. It was-also kept in mind that during severe 
_ storms the river and the esteros were subject to overflow and that. this 
could ‘not be prevented by any possible provision in the sewers. The 
results obtained under this assumption, while not satisfactory in all 
cases, appear to be. justified, for no serious flooding had occurred in 
- -* two years after the first sewer was built under the general plan. 


“At first, a run in the gutters of 120 m. had been fixed as the maxi- 


mum in the built- -up sections, but later observations on the gutter flow 
= showe - this was excessive, and the maximum was reduced to. 
100 mi. 


Sewers with inlets at this distance apart give better, satisfac- 


te 
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— 4.87 

d 5S © 

4.72. 

— 

2.36 

> 4.5 4 

— 

2 

— 

— 

— 


the sewers, are provided with silt | and d grating covers. 
In the designs, Kutter’s formula for discharge, e, with sewers r run ee. 
ning full, was used, the values of n being taken as follows: ma 


0. for cement plaster finish, 
0.013 for clean brick and glazed p pipe, 

0.015 for local stone. 


A whey 3 3 ft. per sec. wherever as, to 
les 
difficulty in old sewers built Spanish . All drainage 
areas were. kept completely separated, and the connection between the 
old sewers built by the Spaniards w was stopped in order to make the 
direction ¢ of flow definite. To a great extent, the deposits. were un- 
-doubtedly due to this « error in design, ar nd the immediate 
in the condition of the old sewers following the removal of the con- — = 


“nections was made evident by the increased discharge. herever pos- 
sible the old Spanish “sewers were utilized, the sides “and inverts being» 


In the absence of any data on the character the run- an 
assumption of | 15% was at first made; but this was found to be ex- | 
nae’ in large sections and et te the closely built-up parts wa 
‘the Walled City and in the business sections. — The. final run- -off 
coeflicients were £ as follows: 


‘Heavily | 
Ordinary and ‘residential. ..... 


Undoubtedly, coefficients ‘the flooding of the 


> 


with the results obtained Emil Kuichling, M. Am. 


Sue, Cc. E., or with those by Mr. Grunsky, but it is clear that there — 
has been no serious error in the designs. 
The ester os are in need of improvement, but their betterment would 
involve the city” in “enormous | expenditure that no 
to this end h have yet been evolved. . A large amount of dredging is : 
necessary, and the streams must be confined to definite channels by 
. & preliminary section for a light shallow wall of reinforced 
conerete was designed, but the - preliminary | estimates of cost were 80 
appalling that this could not be recommended. These esteros are the e 
natural reliefs ‘of the river, and their improvement is of the highest 
importance the scheme of storm-water drainage. At times the 
velocity of the current does: not exceed 1.0 ft. per s sec. a and no scour : 
of the bed is possible. — A deepening of the streams would result i in q 


increased flow, and their present unsanitary condition would be 
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; Mr. Dieck. currents, by gates or otherwise, if the reduction of deposits i is to be 
secured, but, at present, there seems ‘to be no to consider that 


will be clear that the of 
Manila has nice points to recommend it to the attention of 
hydraulic engineers, and while n no claim is made to a any originalit; 


is that the solution is “somewhat out of the ordinary 


Grecony, Assoc. M. AM. _ Soc. C. E. —This 


a run- -off in storm- water sewers, and is. most valuable as academic 
discussion of the ‘subject. In the speaker 's judgment, however, 


hypothetical case, this part o the | is very ond cor- 
rectly solved for that. case. - The assumption is made that the rain 
reaches the sewer from the: ‘streets often 


the 


owever, 
= a better appreciation of occurs than they 
in that he takes account of the storage on the surface for the time- 

assumed. ‘For many roofs and a few street surfaces this assumption 
of 5 min. is no doubt approximately true, but a careful consideration | 
of what should oceur, theoretically, and a few observations: of what 
actually « does oceur, will indicate a wide variation from the assumed 

min., and demonstrate that storage on the surface, particularly for 
short, intense storms, has a much greater influence on the rv run-off than 

is indicated i in the Paper. 

 iIt . is not the speaker’s | purpose to attempt to solve this v very inter- 
— “esting and intricate problem n completely, but simply t to present a few 
studies of storage on catchment areas, which have been made for the 


solution of special problems, and» to show their relation to the general 


1 thereon by 
Marston, M. Soe. C. E., wen there out that: 


“First. —The water falling on the so- ~called impervious’ area of 


an 


part of it in increasing» on the during 
ota of moderate length, such as cause the maximum discharges 
from sewer districts of ordinary size 


2 — “Second.—As the storm continues at the same rate, the ratio of run- 
off from the ‘impervious’ area to the rate of rainfall increases, owing © 

to the increased depth and velocity of the surface flow toward the sewer, 

until - Reson: if the storm lasts long enough, the rate of run- -off from 


aad * * Rainfall, and Run-off in Storm-Water Sewers,” Transactions, Am. Soc. C. E., Vol. 
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Rough observations indicate that the depth of which accu- mr. Gregory. 

nulates during heavy downpours on an ordinary street, sidewalk a. 

roof, is greater than is 3; generally “assumed, | and that the mean velocity 


ma in the gutters. is no not as great as it is s usually computed to be. 


The accumulation of r: rain on a street has been theoreti- 


cally in the following manner: 


| 
| 010 


‘Time, in Minutes. 


| 


‘The laws and coefficients ‘of flow are not very well determined 
7 for very shallow depths, and the i imp act of the falling rain in and ¢ other : 4 
fi actors materially ret tard this flow. It was assumed, however, that 


Kutter’s formula was applicable, and, to allow for these retardations, 

a high value. of n was assumed. As an asphalt. street, which the 

ereatest flow may be expected, has a low crown, it assumed, 


lag 
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Mr. Gregory. has been observed to be roughly | true, that the avvaneielion of depth — 
would be about uniform over its entire surface. From these assump- 
tions, the diagrams on Fig. 13 were deduced. Three’ curves are there 
shown. - The mass curve of depths for the entire rainfall is for arate” 


of 4 in. per hour. Points for the other two curves were obtained from 


the cupremion ‘= 


e, in seco surface to rise fom 
area of unit length of half the street = 12 sq. 


depth at end of increment of time, t; 


= depth at beginning ¢ of increment of time, 


q 
I rate rate of rain, in cubic feet on the: area, 8; 


= flow, in cubic feet per second, at 


depth, 


corresponding flow at beginning of time, ¢ 


_— in Minutes, from Beginning: of U: Uniform Rain at Rate of : 4) In. per Hour, 


As an extreme example of storage 


general manner as for the street "The run- off curve is 
on ‘Fig. 14. ‘For gutter, or a uniform slope, the 
- formula i is modified to take account of the varying . depths, as follows _ 


g 
in 
terms 
4 
= , for depth, H,. 
— in streets, the following is 
— the gutter of street, 
— he gutter of a 24-ft. strect, 
— 
— 
— | 
> 
= 
| 


and Qa have the 


In case, nd 


before, but are applied to flow in the — a 
= average width of | each ix 


= - 1000 times the inflow v from each of length, is 
from the curve of run-off, Fig. 1 

= total times elapsed 
seconds, or or until the. depth, 


= difference in the section: of 


’, == average ‘mean velocity in in the gutter until the depth, : is 


and V, bear the | same relation to H. as T., A., and Ve 


g 


» 


nnin, 


u 


\ 


of Rain R 


rip 1 Feot Wide, 


ge 


Run-off,in Cubic Feet per Secon 
co 


a 


Percenta 


0 4 
16 
Figs. 14, 15, and 16, the rate Tun- -off curves: 


the storage and inflow curves are and a curve the 


percentage of rainfall running off i is added. 


te 15 is for a street 60 ft. wide and 600 ft. a with an an asphalt 


Pav ement and a slope of 0. 005 1 inl. 


Fig. 16 is for a roof 2 5 ‘ft. by 100 Tt: sloping of 02 i 
% toward a gutter across the 25-ft. side. 


7 
There are a “great ‘roofs and s streets comparable to ‘those 
_ assumed for the curves on Figs. 15 and 16. a steeper slope, if ‘paved ane 


1 b same meaning aS Mr. Gregory 
lepth multiplied by 
4 — 
| 7 
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— 
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smooth th surface. Sixth Avenue Sewer Dist trict 
-gaugings have been rey reported the -speaker.* This district contains 
600- ar and 900- -ft. blocks, also many flat roofs, 25 ft. by 100 ft., or 
3 larger. Iti is estimated that it takes 15 min. for water to flow through | 
sewers the remote parts of this water- shed to the gauge. In 
a sewer, the rate of run-off from roofs and streets, as shown in Figs. 15 


, respectively, from ‘the 

gauge.’ The area of those | zones ‘may be ‘i from the gauge- point 

_ outward in ‘the ratio. of 1, 2, 3, 4, and 5. The average rate of run- off, 

expressed as a percentage of the rainfall, for the entire area at the 

end of 15 min. of uniform rain, at the rate of 4 in. per hour, is found 

by averaging the > percentage « of run-off for the le average time length of 
each zone read from the percentage curve on Figs. 16, 


eas are thus found to be. 


that all the zones a “areas, the “percentages would 

(20 and 63, respectively. - In a similar manner, a 5- min. time length 

gives a run-off of about 70% of ‘the rainfall. It i is not likely, that a 
rate of 4 in. per hour would be maintained for more than 10 min., — 


_ and the run- -off from the nearby areas would be greatly reduced for — 
_ the last 5 min. The actual gauged run-off from | this area was about — 
40%, for ar lasting 15 min. This observed rereentage may be 
accounted for by assuming the area to. be of and 


storage in n the catch- and ‘sewers, and making for 
~pre- maximum _ post- ‘maximum rain “rates, the greater 
~ being exerted | by the surface storage. For r such rates of » rainfall 

occur in n San Francisco, the velocities of ig" surface frees due to | 


on he run- off The whine 
at this time— to call” attention to the great influence exerted by the 


; shape, size, character, and slope of each area, and by the frequency of 
Mr. tr. Kuiehling, Kurcnune, YM. Am. . E—The author the highest 
for shade ‘more e complete a analysis of a 


first the. of water temporarily in transit. on the 
_ surface toward the various sewer inlets; while the second is the 
quantity temporarily stored the sewers themselves. Both the Se, 


* Transactions, Am. Soc. C. E., Vol. LVIII. 
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The first factor is obviously dependent « on the extent: and 


the territory tributary to each sewer inlet or catch-basin. If the entire _ 

are: were impervious and divided into a) number of equal or equiva-— 
lent hopper- -shaped parts, each having a catch-basin in middle 
and in which th the time required for the water to flow at uniform 


velocity from the boundary line to the central basin i is t, minutes, —. 


of such time by the thirds of the precipi- 
tation on the total area during that time. 
It should be noted, however, that uniform elisa: of flow over the 
surface of a hopper- shaped | ‘area involves a constantly reducing slope _ 
- for the successive elementary zones, as the depth of the water is con- 
‘sti untly from the to the conten! catch- basin. Sue 
it. must that. velocity i increases steadily 
water passes successively fre from the larger | exterior elementary zones to a 
‘the smaller. interior ones” on the same grade. | In general, the velocity 
ina channel, or ona surface, is proportional to the square root of the 
depth; as the depth increases very rapidly on the successively 
reducing elementary zones of like grade, it follows that much less than 
two-thirds of the precipitation on a uniformly graded component me 
will still be on the surface in transit to the catch- basin at the end of 


To illustrate this of ‘the case by an example, ‘assume 
hop per -shaped area, 1 000 ft. square, having each of the four equal 
= graded on a uniform slope to the central catch-basin. Conceive m 
the area divided into five zones, each 100 ft. wide. Beginning at the © 
basin the areas of these zones will be 40000, 120000, 200 000, 280 000 
and 360 000 sq. ft. , respectively, or i in the proportion of 1, 3,5, 7,and9, 
Next assume that the rain falls at uniform intensity for a a sufficient 
length of time to allow the run- -off the outermost zone to reach 
the basin. 7 Now, if it were possible for the velocity to be uniform, as 
well as the slope, the water - flowing over the innermost zone would be 
about: 25 times as deep as on the outermost one. With a uniform 
grt rade, howev rer, the velocity will increase from zone to zone, and the 
7 depth i in the vicinity ; of the basin will be ‘materially. less than the 
- amount just mentioned, since the time of transit is greatly reduced. 
it the velocity. in each zone varies with the square root of the depth - 


of = flow, the time of transit from boundary to. center will be less 


| 


e Mr. Kuichling. 
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quantity of water remaining on the surface at the end of such time vis — 

will be considerably less than two-thirds of the precipitation during  # 

- 

— 

. 


wan run- -off from ‘Ge the tributary areas to reac): the 
inlets is usually not more than 10 min., , as the water soon Teaches the ‘ 
gutters, in which the flow i is | much more rapid than « ona plane surface, 
During this period of time, the precipitation may be 0.5 in. in depth 
over the entire territory, and perhaps one- -half the water may 1 oman 
on the surface in transit to the inlets, but, at its termination, the ; sur- | 
pte storage comes to an end if the rain continues as before, an nd the 
run-off will thereafter proceed at its full rate to each inlet, sitio the 
= on the surface is not cumulative when the intensity ©{ the 
rainfall is uniform. For large districts, in which the time of passage 
through the longest Tine of sewers is 30 min. or more, ‘during ‘hich 
‘a precipitation of 1.5 in. “may -oceur , the r retention of a dep h of. 
02 .25 in. on the surface during the first, 10 min. of the dov downpour is not 
of much significance. 
The same may also_ be said with respect to the storage in the 


work of sewers, as the cubical contents thereof do not often 


ft. 
This. capacity ji is ‘to a depth oft 0.28 in. of rainfall; but, as 
the whole of. the precipitation does not reach the sewers, “owing to 

- various causes of loss, it may be assumed that the capacity is equiv alent 
to the run-off from a precipitation of about 0.40 in. . In heavy yain- _ 

falls: of comparatively long duration, however, this storage ‘capacity 
will usually become filled some time before the end of the storm, and 

surcharge the sewers will ensue unless their “discharging « ‘capacity 


be no doubt as to the propriety taking ‘these 
factors of surface storage and conduit s storage into consideration for — 
small districts and short rainfalls, as the agg gregate effect may often 
_ very appreciable; but, in the case of large urban districts, having times. 
of transit through the longest line of sewers of more than 30 min. _s 


seems — to the speaker that the aforesaid effect will be lost in great 


— 


os _ The essential factor in the problem is the relation of the intensity 
of the precipitation to its Usually, this i is more or 


; garded, and the rainfall curve is adapted to the more frequent -down- 
pours. If the sewers are e proportioned closely to such curve, there 
will be no margin of capacity, | and i it may be questioned whether ai 
moderate reserve capacity, such as would be gained by leaving ‘he 

above- mentioned two factors out of account, is not a desirable feature. 


It would certainly be interesting if the author would indicate quantita- 


— 
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tively how —" consideration of the ‘said two factors would affect Mr. ‘Rule ; 
the. design of a large sewer system in the Eastern States. 


In regard to the raia afall curve that should be used in 
sey vers, it has long seemed to the speaker that only those - 
should be taken into account for which the intensity or rate per hour 
was uniform, or nearly so. ‘The object is to ascertain the probable 
maximum run-off from_ districts of different magnitude, or — 
of flow through the longest line of sewer. Now, it is obvious that 
‘the run-off from a a homogeneous surface will become largest when the — ce a 
rainfall is greatest and is likewise distributed uniformly over the at 
entire area for a sufficient length ¢ of time to allow the water from the : 
ry termost boundary to reach the point of observation at the foot of the | 
7 territory} hence it is of primary importance to deduce from the ‘rain-| 
“maximum: uniform intensities for different periods” 
of time. 


next step is to ‘determine whether this relation is limited to 


rger rate of run- oy * the | foot. of an extensive area by using ~ 
. cipitations of varying intensity, but having an aggregate duration 
‘equal to the time of flow through the longest line of sewer. In general, . 
it will be if the between the m maximum uniform 


run- “off at the foot of a homogeneous territory be 
greatest when the entire area is covered by a rainfall of the highest — 
uniform intensity corresponding the length of time required for 
water to flow to the point of observation from the outermost — 
boundary. Devi ations from this rule, however, .: may y possibly occur 
when the area is ‘not homogeneous, ‘and in such eases ‘one must be 
20 verned by the given or assumed conditions of the particular problem. 
— An instance of ‘non-homogeneous territory is afforded by the follow- 
ing example: Let A equal the number of acres at the foot of a district, 
with a run-off factor equal to f,, and the time of flow through the 
longest line of sewer equal to ¢, minutes; ‘f, and t., f, and ‘ty, 


ete, equal the same elements for the next succeeding component areas; 


also, let the maximum ile intensity of the rainfall, in inches per 
hour (or eubie feet per — nd per acre), be expressed by 

whe is the duration, in rates” of run-off, in 

fe cet per second, from the several component areas, at the end of the 

time T = t, + t, +t, +... will then beg, =f, ALa,=f, BI, 
ete., and sum at the foot of the district 
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7 | th the district were entirely homogeneous, we would have 


A+B 


where N denotes the total area of the district — ma (A +B ie C4 ime 


will be ‘noticed t that if the run- -off factor, the 


To pursue the a little further, conceive the territory be 

- homogeneous and divided into equal squares along the sides of which 
pe -off from each square, or aggregation of squares, moves w ith 
equal velocity, v,, in feet per second; also let the two consecutive sides 
of each square have an aggregate length of 60 v,, corresponding to the 
path traversed by the run-off in 1 min. At the end of T minutes, the | 


number of squares. contributing to the discharge at the lower comer 
of the first square will be T ers and, as the area of each square — - 


is n= = (30 0)? square feet, the total tributary a area, in acres, will be 
afm _ T(T +1) 


‘indicating that it is immaterial whether the ‘surface 


We thus have Q asa simple function of pa the form of which shows 
_ that Q increases directly with 1 and attains its greatest value only 


is greatest, or when the entire area contributes t to the 
This r res 


or flowing through the sie line of sewer in the district. . sa 
this brief analysis’ of the run-off problem, it appears that 

attention should | be directed mainly to the proper form n of "expressing 
the maximum ‘uniform: intensity of the rainfall, Li in terms of it 
duration, #, in minutes. By the use of this factor, the indefinite ques- _ 

tion of a a maximum, Q, with rainfalls of variable’ intensity 

during the total time, r= = (é, +i +8 t, ...), will be entirely 

avoided, as ‘the former “necessarily en combinations 3 of the 


= at considerable length. direct and reliable measurements 
the run-off from a given territory and uniformly distributed rainfall 
app appear to be available. In some cases the rainfall is observed at only a 
single point in or near the district, and no proof of uniform ~~ 
tribution offered , while, other cases, both mean intensity and 
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d distribution are estimated. Its is very desirable, therefore, to increase Mr. Kuichling. 
the number of accurate measurements for surfaces of different char- 
‘ter, and include therein the actual time > of passage through the 


longest line of sewer, as well as the time required for the water flow 


the surface from the outermost boundary the nearest catch- 


- Tei exhibit the range in the estimated values of the run-off factor, 
3 or ‘the ratio of the r run- “off to + rainfall at _ time of maximum 


For roof ‘assumed to be water- tight. 
“ asphalt pavements in good order. . 6. 85 to 0. 90 
brick, and wooden block p pavements 
tightly joints. 0. 75 to 0.85 
same with open or uncemented | joints. .. (0. 50 to 0.70 
« inferior block pavements with ‘uncemented 
maeadamized ‘roadways. ... 


gravel roadways an and walks.........- 0.15 to 0. 30 

parks, gardens, lawns, meadows, de- 


| surface slope and character 


areas or forest land, on 
slope” of subsoil. . 0.01 to 0.20 


Others do not attempt to make ‘close estimates of the different — 


kinds of ‘surface in an urban — but content themselves with 
49 


0.70 to to 0.90. 
rez adjoining pe built- “up 0. 50 to | 0. 
“ the next adjoining residential portions, 
with detached houses and buildings. 25 to 0.50 
the | suburban portions, with few buildings. 0.10» 10 to 0.25 
a rainfall for which provision is to be made in the sewers or other 
drainage ge channels, even in neighboring localities where the ‘rainfall 
has the same character and average annual depth. In view of such = 
large differences in practice in the choice of f and I, there is little 
encouragement for the adoption of refinements | in the general theory 


of the subject. 


> KENNETH ALLEN, M. Am. in: E =" is a good thing Mr. 
record the conditions governing the design, and a description of 
the essential features, of an important improvement of this kind. — 
Of the fifteen cities of the United States having i in 1906 a popula- , 
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ir. Allen. tion | of more than 300 000, all are situated near _—_ eat wate y of 
size that up to the present their sew age s dischar zed into 
in a crude condition. Baltimore, however, in order to protec: 
oysters: of Chesapeake Bay, is constructing a purification plant, and 
in order to avoid an undue pollution of the water, Chicago, ‘San 
Francisco, Boston, and W Jashington have spent large sums to sce 
more favorable points of outfall. Without question, in vie. of 
increasing “populations and a growing sensibility to cleanlines: and 
sanitation, the next two decades will see extensive improvemen's in 
of the other cities in the list. 


Of fifteen cities, four are on 1 Great five 


least—in ‘strong currents of deep water which trend off shore. and 
3 soon pass out to sea. New York and Boston are also located on seat 


tidal bays, but the waters of Upper New Y ork Bay oscillate between 
4 th the Hudson and ‘East Rivers and the Narrows in close proximily to 
dense population | for several days before being finally dispersed in 
the Lower Bay or ocean, while Massachusetts Bay is: studded with 
islands, ‘and the shores are lined with towns and resorts, so that creat 7 
_eare has been required i in selecting points of outfall to avoid a 
With. a discharge into large bodies of water there should be suffi. 


dilution to prevent putrefactive conditions, and the | “prob lem 
resolves itself into one of rapid dispersion. — This can be secured with 
single outlet where current “swift in ‘comparison with | the 
volume of sewage. At San Francisco, as at ‘Boston, interception and 
Pectin a fewbwell selected points, after the removal of the 
a and coarser floating matters, has been decided on as ™ best plan. 


Elbe at have been ‘proposed for the Valley Se 
a in New York Harbor; but where cities are located on sluggish streams, 
is sometimes preferable to maintain numerous independent outlets 
in order to afford opportunity for a more rapid mixing with the w:' ter. 
— ‘The question of interception to one or a few outlets, as at Buffalo « or 
 - or a direct discharge at numerous points, as at New York 
and Philadelphia, is a local one, and must depend on the eireyi- 
stances; but it may be ‘said that the tendency is toward the foriner 

- plan for large cities, so that it has” generally come to be looked on as 


the proper procedure, 
The question as t as to the value of "float e: experiments in locating ae 
: = outfalls is sometimes raised. : The speaker believes them to be of grit 


3 value as indicating the direction in which sewage may be expected 


a flow under similar conditions. It i is true that a surface float furnis!ies : 
no measure of bottom velocities, which be quite contrary 
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direction; that the course taken by one float. may be 4 quite different mr Mr. Allen. og 
fp rom that of one s set adrift a few n minutes later, although under — -_ 
conditions which appear to be identical; and that it is influenced more - 


or less by t the wind ; but i in answer it may be said aes is SARS 2 


First surface float represents the motion of that ‘that portion of th of the 
current which comprises the greater part of the sewage, through the - 
tendency of the latter to rise and spread out over the surface, diffusion - : 


vertical direction being comparatively slow; and if bottom or 


te use of double or rod floats. 
Second.- —Although the trace of a single float will not represent a a - 
true av erage result, yet it will show path that sewage discharged 
the starting point might take; ; and from a sufficient number of 
- peconde the probability of its going in any given direction may 
Third.—A float is influenced by the w wind; but ‘this, with properly 
‘designed floats, is mainly through ‘surface currents induced by the 
7 _ wind, and it is is the trend of the surface currents which. determines the 


p: ath that s sewage ge would follow. The - float, therefore, g gives the desired 


information, 
In questions involving dilution, depending on the net discharge o: of . <a 
tidal and upland waters, the speaker does not consider a 
floats as reliable as those obtained by y current ‘meters, as. it is difficult, = 
by means of former, to integrate the motion of the filaments 
properly in ‘a vertical section. _ Even n with the current meter it is a 

— jong and | expensive operation, if ‘reliable results are to be obtained on 
tidal streams. An ingenious apparatus for facilitating such work was te. ; 


per some years ago by Mr. Luigi d’Auria, and used by him on 


some public work undertaken under the direction of the late William 
udlow, M. Am. Soe. Cc. E. |‘ This: device consisted of a pole which 
~ could be lowered ve vertically to the bottom of the stream from the side 
7 of a pontoon. | An endless cord which passed through pulleys near the _ 
te yp and bottom of the pole » was used to carry a ball of half the specific 
gravity of water to the bottom. At a given signal the ball was released, 
and, rising to the surface at a speed which a computation showed would _- 
be uniform, and then being a floating grillage, the 
velocity was obtained by dividing 
aversed by the time taken to rise surface. 
Continuous records of single» floats covering several tides. “are 
valuable in ineeiieies the range of tidal oscillation and the resultant © 
movement seaward, but, to secure information regarding the probable © 
lispersion of sewage, the plan by the speaker, ‘on Chesapeake 
‘Bay, of setting a large number of floats adrift at short intervals and > 


ocating them as frequently as practicable—each > being identified by 
a number—is an excellent: one to adopt, be being rapid a and coonomsionl ; 
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_ The importance of a careful consideration | of local rainfall records 

is well. illustrated in the case of San Francisco, where, | if Eastern 

had been blindly followed, the size and cost of the sewers 

_ would have been greatly increased. In this respect it would be inter- 
; esting t to learn why the particular form of rainfall was adopt ed, 
al nd whether the more usual and s a, I= , would not. 


have answered equally well. 


forecasting the flow of sewage from a given district, tho in-_ 
filtration of -_ground- -water is often an important but uncertain ‘factor. 
‘The daily volume has been Stated variously i in gallons per mile of 
‘sewer, per acre or square mile drained, per capita of population, per 
of sewer joint, and per square foot of surface. 
rational way | is to. consider infiltration as a function of the <i sur- . 
face, if of c continuous concrete or brick, — and of the linear foot of 
joint in the case of pipe or other sectional forms of construction. — 

‘The pe perviousness of the soil affects the rate of leakage to sewers. 
In New Orleans, George G. Earl, M. Am. Soe. C. E,, Superintendent 

of the Sewerage and. Water Board, found that 


open and unpaved areas. we probably getting double the 


“amount estimated at times of very heavy rains, particularly vie 

they follow a long dry Spell, which has cracked open our clay soil, 
deep and frequent fissures. 

“Whether this flow is all seepage or partly due to flooded surfaces 


where manholes exist and where, even, some one may open a thole 
cover occasionally, we cannot tell as yet 
The allowance for infiltration was 0.003 sec- ft. per acre or 31 800 


per mile per day, and an estimate made after showed 


this f 


‘te the sewerage of in 1897, 


Tering and Gray, the Consulting Engineers for that work, recom- 


mended an allowance r ranging from 0.00024 to 0.0018 sec-ft. per acre. 7 
= - Hazlehurst, ‘M. Am. Soe. C. E., secured a somewhat e: excep- 
result® with an 8-in. vitrified pipe laid in in 23- ft. with a 


kept ‘covered. for 6 hours with : a cloth, and then immerse: 
(24 hours. The was then found to be gal. per 


mile per 


hat on on 181 mile 


* Engineering News, August 27th, 1908. 
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— _of pipe sewers in Massachusetts, varying from 8 to 3 
the «infiltration was about 40000 gal. per mile per day before con- 

“nections were made, and that it amounted to 70000 gal. per mile pers 
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in extensions of the sewers of the Metropolitan of Boston, 
ib Malden, Mass., the infiltration was 50 000 gal. p per ‘mile per. day, 
70 gal. per capita per day, or 0.015 sec-ft. per acre. 
D. H. Maury, Jr., M. Am. Soc. C. E., mentions experiments made — 
in Peoria, Ill, on ¢ a 24-in. vitrified conduit laid in 2- ft. lengths, with | 
1:1 Portland cement ‘mortar joints, - in which the infiltration found by 
“numerous measurements was generally from 8000 to 35000 gal. ‘per 
mile day, , although, in n some instances, figure exceeded 


— The amount of infiltration, of course, will depend | largely on the nc 
ground-water level, 30000 to 50000 gal. per day for each mile of . 
oll laid pipe sewer being probably a fair allowance under ordinary 
"circumstances, but where the exclusion of groun 
this may be reduced by special precautions, and views the sewer lies — 
pr ete the ground-water level there will be a leakage from instead of 
Alexander Potter, Assoc. M. Am. Soe. O. E., , has secured good 
results by making joints with | “sulphur, ‘and pitch, and the 
“sper aker has done this’ by the use of tar pitch ‘and pees kneaded © 
by hand t to the consistency of dough, as has been the practice for a 


= of years, on the construction of sewers in Atlantic City. Ss 


natural: (Black Diamond) cement under furnished 
was unsuccessful. _ More recently, however, he has laid about 4 mile of 
6-in. and 8-in. pipe, from 0 to 9 ft. below ground- water level, under : 
‘the usual specifications of Portland cement mortar with a yarn gasket, 
which, after repairing about a dozen small leaks, the contractor made 
practically water-tight. ‘To secure impervious work in this way, how- 
ever, is more difficult and costly than it should be, and the speaker | 
believes that some bituminous joint, ‘poured like a lead joint, may 
eventually supersede -cement—as it already has done to a certain 


extent. abroad—and will furnish a more elastic joint, and, at ‘the : same 
time, a more economical result. 

In the case of brick sewers, infiltration varies with the 
quality of the work and the depth below nal -water le level, but there 


are few | definite data to serve as a ‘guide. 


sewers, there is 3 less infiltration than formerly, and this may be done 
practically by careful grading of the aggregate, 
tures, and continuous work. In the speaker’s experience the _ greatest 
difficulty is at the springing line, where the joint between arch» and © 
invert, in spite of the bonding key, offers the least resistance to a 
entrance of external water under pressure. ‘Infiltration in concrete 


“sewers has been prevented water- proofing laid between the 


“Owing to to the general substitution of conerete for - brick in Tanger 
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lining is in order to prevent the eompare- 
_ tively small amount of leakage which would | otherwise occur. in a 
reinforced concrete sewer built at Waterbury, Conn., the infiltrs 
under a head varying from 4 to 12 ft. was found to be 2.08 gai. 


day per square foot of surface. we 


_ The poor alignment, size, and shape mentioned by the author, as. 
existing in the old San Francisco sewers, have been similarly noted 
in Boston, New York, and Baltimore, and may be found in most cities 
large enough to have had sewers more than 50 years old. As a rule, 
smaller municipalities are freer from such absurdities; but, 
adopted standard design, the old San Francisco 3- by 5-ft. inter-| 


‘section, constructed uniformly 10 ft. below the surface, irrespective of 


topography or co connecting grades, is unique. 


The author alludes to changes in the elevation of 

7 ‘This, to the extent of 0.10 ft. or more, -may be due to upheaval by 
frost, ae by a lowering of the ground- ies level on account| of Pa 
construction of drains, the sinking of wells, ete., depending — on the 


character of the soil, unless the foundation extends to bed- rock » Aside 
from this, variations have been known to occur, , due to more general 
movement of the earth’s crust. Large areas are known to be involved 
in these movements, such as the gradual sinking of the New England 


Coast, 7 which, as John R. Freeman, M. Am. Soc. C. E., has pointed 
7 out,* is taking place at the rate of about a foot a century. 


in the relative elevations of points within short 


other as to affect tl the bench- ch-marks of a municipality. 
Some time ago, ‘Horace Andrews, M. . Am . Soe beought 


case in point to the at attention of the speaker in wneiiiien with te 


“ye- levelling of a number of points of | the Bavarian precise levels 
originally - determined in the interval between 186 39 and 
873 and the mean levels taken in 1897.” "+ These we were both levels 
of the highest order, with refinements as to ) accuracy of standard and 
 — marking of bench-ma marks, which, , unfortunately, are ofien 
— 

“The | discrepancies revealed were about equally minus: 
and in only one or two cases did there seem to have been some gross 
- in the foundation of the building on which the mark was 

a * differences in this Bavarian work were found by touching on 
fifty points: seattered over a large region. * * * 

crepancies of from 13 to 14 mm. seemed to be common, ‘abide several 
Son as large as 15 to 17 mm. and two were of 41.5 mm. and one v1s_ 
86. ce mm. . In addition to these was the gross change alluded to «f 


. in one point.’ 


on the Charles River ing 1905, 


, August Ist, 1900. 
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1894, p were run in | a ‘general Mr. Allen. 


toy pographical survey then being ‘made of Baltimore by Colonel H. T. 


Douglas, and numerous bench-marks were established . Twelve ‘years 
later the speaker ha had occasion to test a good many these, anc and, 


levels were not | ‘Tun, the discrepancies noted were 


it that greatest occurred ‘where the 
slopes were most abrupt. | Discrepancies of this kind might appear to 
be due to a difference in the graduation of the rods, but as these had 
been compared carefully with a a standard, , the conclusion reached — 
that this was ‘not the | cause. The apparent errors: of elevation noted © 
varied up to sev eral hundredths of a foot. ot. 
It would be interesting ‘ to learn the general experience o of municipal a 
engineers who have had the opportunity of checking b benches estab- 


lished by precise methods after the lapse of several years me se 


oeeurred during the intervening years. This opinion was con-- | 
; 
| 


Diep J ANUARY 1909. 


was born on Septem er 28th, 1845, at at: 

New York, and was the eldest of a large family of children. His 
ancestors emigrated from > England to Massachusetts and Connecticut 

during "the earliest Colonial a marriage e between the 


son 


_ ‘The family has been mene and influential i in publi affairs through- 7 


‘gate, was a of the New York Legislatasve of 
which formulated the first constitution | of the State of New York. 
His grandfather and father were also members of the New York 
Legislature. 

_ After his early dain at Keeseville Academy, one of the best of | 
the | -old- -time schools, Mr. Adgate spent two years keeping a store in 

~ ness with his father-in-law, Mr. White ney, a aan on Lake Cee 
plain. The bee consisted building, much heavy” 


“spent in with the difficulties of often 

- under severe climatic conditions, were instrumental in developing his 
judgment and resourcefulness. 

In 1882 Mr. Adgate was engaged by William Sooysmith and Son as 

_ Manager of bridge foundation construction, most of which involved 
the use of pneumatic caissons. He was engaged with this firm and its 
successors throughout the remainder of his busy life. _ Here his ex- 
perience and sound judgment were were often tested while building founda- 

in large ‘Tivers where varying conditions as of fi floods" and ice 
gorges had to be anticipated and provided for in advance. In this —~ 


and piers of the ‘ollowing bridges: 


~~ * Memoir prepared by E. L. Abbott and Daniel E. Moran, Members, ‘Am, Soe. C. E., and 


Edwin Jarrett, Assoc. M. Am. Soc. KE. 


— MEMOIRS OF DECEASED 
— will be reproduced in the volumes of Transactions. Any inforination 
_to the Secretary prior to th 
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MEMOIR OF GEORGE ADGATE 


7 erre Haute, Ind. _ “Big Four” Bridge over the Wabash River 


Van Buren, Ark. Bridge over the Arkansas River. 


Needles, Cal. over the Colorado River. 
—Quivre J unction, Mo. Bridge over the Cuivre River 


Boone, Towa. — Chicago and North-Western Bridge over the a 


Harv yey, Towa. Chicago, Rock ‘Island and Pacific Bridge over ‘the r the 


Des Moines 
Kansas City. Chicago, Rock Island and Pacific Bridge over the  s 


Clinton, Iowa. Chicago and North- “Western Bridge over e- 
: Can. Interprovincial Bridge over the Ottawa River. 
Glasgow, Mo. Bridge over the Missouri River. 
East: Omaha, Nebr. ‘Bridge over the Missouri 


Plattsmouth, Nebr. Chicago, Burlington and Quincy Bridge over 


Sibley, Mo. Bridge over the Missouri River. 


Sioux City, Short Line) Bridge over the Missouri 
‘River. 


Arthur City, ex. Bridge over the Red River. 
Gainesville, Bridge over over the Red River. 


Fort Worth, Tex. Gulf, Colorado and Santa Fé Bridge’ over ies 
Trinity River. 


Ohio. Bridge over the River. 


the Baltimore Ohio Bridge across Susquehanna River, at 
‘Havre Grace; he also -gupervised the sinking of several deep shafts 
and the | building | of / numerous docks, dams, intake piers, , lighthouses, 
and other foundation ty: the time of his death, January 23d 


York City. 
en: ibled him to contend successfully with the many adverse conditions _ 
and: surroundings incident to his work in the difficult kinds of —. ; 
tion on which he was continuously engaged. 
His organizing ability was ronderful, , his keen foresight, 
‘calm judgment, and iron determination were “chiefly instrumental in 


the success of the many works for which he was responsible. 


Personally, Mr. kind, and lovable. He could 


lo oil support, and the with, whom he worked, 
had, to the last, the he highest regard for his s ability and integrity. He a 
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MpMOTR ¢ OF oF GEORGE ADGATE 

7 “4 had a fund of quiet humor, which came to tl the aid of his associates 
_ and helpers in the most trying : situations and lightened - their load. 
Fel He was always” ready to help young men after they had shown, their 
- worth, but believed in trying them out in a rough but kindly way. He 

- was genial and bluff, but on questions of principle stood like a vock 

He was married on September 19th, 1866, to Miss Martha Whi: ney, 

who survives him, a with a ce, Mrs. J. R. Dean, of New 

801 . Adgate, ‘Assoc. M. Am. 


_ ~*~ Adgate w was s elected a Member of the A 
Engineers on April Ist, 1896. 
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‘Diep January 18 18TH rm, 1900, 
Y A long. and active life spent in the > service of the emaien builds its 
| a enduring monuments. Little remains to his friends other than ine 
pen a few inscriptions, which, , though inadequate, “may serve” to 
-yemind the passer- -by more clearly of the man whose work is there i in 
tes ‘imony of the duty done and the accomplished. engineer, 
eminent in his profession, a Past-President of the American 
_ of Civil Engineers, and for : a time the head of his ; Corps in the Army, 
must. “necessarily have such monuments widely "scattered over our 
-dand. : It i is so with General Craighill. The records of his work are 
found | in our improved rivers and harbors, in our fortifications, and_ 
also in the lives’ of the younger men of the profession who were ass 
ciated with him and whom it was his delight to help. 
a Price Craighill was born in Charlestown, West Virginia 
(the n Virginia), , on July 1st, 1833, the ne son of William ‘Nathaniel . 
and Mary Elizabeth (Brown) Craighill. of ‘mixed English 
and Seotech blood, and his ancestors bore a ‘prominent. part in the 
early history of Virginia. The « earliest of the American Craighills, 
illiam, is believed to have been born near Carlisle, England. His 
son, Nathaniel, served in Captain William Washington’ company 
oof Minute Men, in in 1774-7 75, and later was in the Continental service. — 
The first William Price Craighill, son of Nathaniel , was: born ¢ at 
aighill Point, Westmoreland County, V ‘irginia, served as a volunteer 7 
in the War « of 1812, and was a member of the Legislature of Virginia 
about 1817 . General Craighill, his grandson, was named after him. 
‘Among: be named the one of whom was 
friend and neighbor of General W ashington at Mount ‘Vernon, and 
one. of his pall- bearers s; the who claim descent of 
the founders of Jamestown; and the Rutherfords, of an ancient 
‘Scottish family, one of whom, Robert, the maternal great-grandfather | 
of General Craighill, was" also an associate and friend of Washington, 
as a surveyor and fellow-officer of the early Indian wars, and a — 
‘ticipator in the political agitations in Virginia immediately preceding 7 
the Revolution. He held many places of trust in Virginia, and was 
the first Member of Congress elected from the west of the Blue Ridge, ; 
having r represented Berkeley County from 1793 to ee ‘= 
~ Among the founders. of the Charlestown Academy, in 1795, were __ 
three of ‘the grandfathers: of General Craighill, Little, Craighill, and 
‘Rutherford. Here the General received his early schooling, following 
his grandfather and father, and here his sons succeeded Sine. General 


* Memoir pret spared by the ‘following Committee: General Charles w. ‘Raymond, 
Colonel William M. Black, Lieutenant-Colonel Gustave J. Fiebeger, Bernard R. Green and — 


John Thomson, Am. Cc. 
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-Craighill was for years a Trustee of the school, and finally President. 
of the Board. On July 1st, 1849, at the age 0 of sixteen, he becanic a 
Cadet at the United States ‘Military Academy, the of 
class, the roll of which contained many names destined for fame, and > mus 
= these n may be mentioned McPherson, Schofield, Sheridan, Sill, 

Sooy-s Smith, Terrill, Vincent, ‘Tyler, Sweitzer, and Hood. ‘He was 
= in 1858, second in the class, which McPherson led, and was 7 duty 
commissioned Brevet Second Lieutenant, Corps of Engineers. His year 
advanees in rank in the Corps of of the | men 
usef 
Tac 

On gory 3d, prow Brevet Colonel. “for 
faithful and meritorious during the war, and particularly 
services in the defence of Cumberla and Gap, and has slnier operations the: 
of General Morgan’s forces.” He also received the brevet of Colonel et 
and meritorious services the rebellion,” but this he 

W. 
ting 


‘desc 


his the pride of his. ancestry, and 
of immediate professional advancement ; on the other hand, a ‘solemn 
sense of duty and the sincere belief that the ultimate welfare of the the 
whole country depended on the success. of the cause of the Unionn  stru 
"After the most anxious and thoughtful consideration, he decided that Ger 
it was his duty to remain in the service of the Union; but he refused 
to seek advancement in a war in which he found himself opposed to 
‘people, and thus voluntarily surrendered the opportunity of 
- obtaining the high honors and personal distinctions which were attained 
_ by so many y of his associates of similar age, training, and experience 
both the Confederate and the Union armies. 
From 1853 to 1856, Lieut. Craighill was on duty on the improve- 
ment of the Savannah River and in the construction of fortifications 
at its mouth, on fortification work at ‘Dry Tortugas, and in fortifica- 


Totten, Hon. M. Am. Soe. C. E. In later life, he was fond of recalling the 


methods of that talented rer nd painstaking official, who, with his — 
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hands, frequently made working drawings of the details of the beautiful 
__ stonework to be f found i in the fortifications of f that date, showing a possi- 
_ pility for the careful individual study c of they problems of the office, which 
must be a cause of envy for General Totten’ s overworked Successors of 


7 Tater days. In 1859, Lieut. Craighill v was ordered to the Military a 


‘until. June, , 1863. While Academy, he served for two 
years a as Treasurer, and for one year was in command of the detach- 
of Engineer soldiers at West Point. He also compiled “The 
Officer’s ‘Pocket Companion,” a treatise which proved 
useful to the Volunteer Army, and translated Dufour’ s “Cours. de 

tique” and, jointly with Captain Mendell, Jomini’ 
PArt dela Guerre” 
- Tn the summer of 1862 he was Chief Engineer of the Division of es 
General Ww. of the Ohio, and was in 


tober 12th, 1862, Mor an wr 
“Nor can I ‘elose this report without calling the attention of the 


Commanding General to the important services rendered me by Lieut. 
| W. P. Craighill of the Engineer | Corps. He is an officer of dis-— 75 
7 : tinguished merit, and is thoroughly informed on all subjects connected — 
| with the art of war. He would make an able Chief of Staff, or fill 
with high credit any other position to which he may be assigned, and — 
deserves a much higher grade than he now holds.” 
In the summer of 1863, Captain Craighill was Chief Engineer of — 


te Department of the Monongahela, and “was engaged in the con- 
struction | of the defences of Pittsburg, then threatened by the r raid of 
General John Morgan. © Later, he was Assistant Engineer in the Tc 
q 


struction of the defences of Baltimore, and in 1864, 4, was Chief Engi- 4 
neer of the Middle Department and Eighth . Army Con. In 1864, he 
again went to the Military Academy, where he served as Assistant | 

Professor of Engineering, Instructor. of Practical Military Engineer- 
ing, in command of the Engineer Detachme nt, and 


Bt: also on Bo ards for the defences of San Francisco, for -fortifica- a 


at Willets Point, and for New York. 


November, 1865, he was to the B Baltimore ‘District, 


improvements, and, with the exception of the tour of duty from 1866 to 
1870 an: daiaial: to the Chief of Engineers, ‘Ss, General A. A. Humphreys, 
Hon. M . Am. Soe. C. E., he remained on that duty u until promoted to be 
Chief of Engineers i in 1895. His fortification work included the construc- 
tion of works at Baltimore, Washington, and Hampton Roads. _ The river 
and harbor works extended from the Susquehanna to the Cape Fear, 
and as far west as s the nie eat ‘Kanawha, inv WwW est Virginia. In Balti- 


E charge of the « construction of the fortifications and of river and harbor — : 
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improvement of the Cape Fe presented a notable engi- 


- ‘neering prob lem, and the successful closing of the false mouth scross 
the shifting sands of the coast was a work of great importance. | In 
this work was evolved the log and brush mattress, used extensively. 
later on the South Atlantic Coast. Perhaps’ the most notable e and 
cessful of the works w was the -eanalization of | the Gre: Kanawha 
River, in which the Chanoine system of moval able dams is used. Tt is 
~ believ ed that the introduction of this system: m in the United States i is 
mainly due to the late Colonel Merrill, with whom Colonel Craighill 
Ber Europe in in 1878, for +m foie works of that char: acter; 
but the first dams in service 


Or aighill. 


addition to “these regular duties, Colonel raighill served on 
many boards formed for the consideration of projected - improv ements, 
among which may be named those for the Jolumbia, Mississippi, 
Hudson, Ohio, Delaware, Potomac, Cape Fear, Great Kanawha, Tames, 
and other rivers, and the breakwaters for Delaware Bay, Sandy Bay, 
Massachusetts, and San Pedro, California. For several years. he was. 
-* member of the L ight- “House Board and of the Board of Engineers 
‘in New York, to which were referred | questions relating | to fortifics tions” 


riv er and harbor improvements. 


In 1884 the system of grouping a number of river and harbor 


districts into a division was inaugurated. * rom that date until 1805 


_ known as “the kinderg garten.” The Division Engincer’s visits were 
always welcome, and he took keen interest work of the 


younger men, approving their methods’ whenev er cable. 
he said, “I have found that generally there are pal ways of : accom: 


plishing a given result, and that it is best to follow the plan of the 
by superiors. At time, he to a 
young officer who was reporting to ‘him for duty, T pro- 
pose to be the laziest man in this | district, ‘and do not propose to do 

ee that I can have done ' by one of my assistants.” It is needless 


to that, such a man, the assistants always did their best. 
fell to to arrange for 


had Sen the den years large appropriations. 
_ ‘Under him, a number of changes w were made in the methods and poli ey 


of the Engincer Department, the m most important of which | was. 


with the for the of a harbor “referred. ne 
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loca | engineer, prior to final adoption, in order to obtain the benefit fit 
of lis loeal knowledge and Criticisms of the plans were 
requested from the various branches ‘of the service interested. The 

results immediate and beneficial. Due to his insistence, the 

deve lopment of the disappearing carriage for 12-in. guns was hastened _ 


by ‘he Ordnance Department, thus permitting the abolition of the | 


very expensive lift type of battery, which, before that, Ww 
type for 12-in. guns affording protection while they were being loaded. - 
Tle also changed the type of the mortar batteries, and had important 
improv rov ements made i in the submarine mine system. Under him, 


begun the pr actice of disseminating important technical information 


ays receiv oil with sound evi- 

dent thorough knowledge of the subject at issue caused his opinions 

‘to have great weight. of this is found in the history of 


a report, and, as a the 


necessary appropriations were made and the work successfully 
carried to completion. _ The tunnel to-day f forms an important link ah 
the Ww ashington water- supply system. 


On ‘February Ast, 1 1897, General Craighill was retired from 


serviee at his own request. ‘Excepting a limited service as a member 


of of Engineers of the Department of the 


1909. The immediate cause of his death was stated by his physicians 
to have been ‘ ‘disability following a stroke of apeey: causing paralysis 


of the right side” 


- General Craighill was married on October “14th, 1856, to Mary AU 
Morsell, di aughter of Judge James S. Morsel I, of Washington, D. C., 
after her de ath, was. married, | on ‘September 2 2d, to 
One of the William E. 
5, United States 7 
itary “Major” “of the of Engineers, 


civic “duties General Craighill his rightful share. The 
Tpiseopal Church, of which he was a life-long member, showed its 
a »preciation by making him its deputy from the Diocese of 
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- with that of 1880, and also a 1 delegate to the Pan- Anglican Confe 
in London i in 1908. He was a member of the Malta Lodge of M: 
Charlestown, W est Virginia, from July, 1855, _ to his death. In 1 1888 
he became a member of the American Association for the Adva ance- 
ment of Science. He was, in 1895, the sole honorary member of the 
Historical Society of | ‘Maryland. | In 1897 the ‘Washington and Lee 
University conferred on him the degree of LL.D. The following — 
offices were offered him at various times and declined, 
“Commandant. of Cadets at the Virginia ‘Military Institute in 1860; 7 
charge « of the Water Department | of the City of Baltimore un : 


to ten successi “Triennial 


of the Coast and Geodetic Survey, by President Cleveland, 1 mem- a 
1 
William Price | Craighill - was Meher of “American 
“Society of Civil Engineers on October he served as a 


1894, during his term of aon a he an 
Honorary. Member on March 23d , 1896. ar 
«Tt is probably within the truth to say that no epoch in General 
Craighill’s career gave him more pleasure and satisfaction than his’ 
- official connection with the American Society of Civil Enginee rs, first 
asa Director and finally as its President; ; and it certainly i is a fact that 
this connection with the Society resulted largely to its good, and 

brought about many permanent and delightful friendships. 
connection with the work of the Society, he was particularly 
attentive to apparently trivial details, that is, when such details 


appeared to have an ultimate bearing of importance; on the « other 


in ability to ‘ ‘side- track” such ion ever, 
appearing brusque or or offensive in manner. As is frequently the case 
where routine matters must be passed upon by a board composed of 
-many men, the tendency is to fritter away time 1 to no useful purpose. 
- Early i in the General’s service as a Director it was made evident that 
he had little in common with such yore and could confidently 
‘be counted on to ‘ “vote first and talk afterward. _ Therefore, as might 
be expected, he was a business executive of the first order, and it was’ 
a delight to sit with him in the Board meetings of the Society. * 
As a presiding officer, he was exceedingly efficient, -eombining in a 
“rare degree, seldom equaled, affability, tolerance, tact, dignity, 1 


mory, and a swift comprehension of a controverted 
point. A decision never to be made too wi 
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no of the Society made, in so few. 


di ‘ight to and to er. », 
He was in all respects ‘well- rounded—a man of many parts 
though bound by the traditions of many years of military service, he | 
was yet peculiarly open- ‘minded in recognizing the necessary differ- 
‘ences which have existed, ‘and must exist, in the performance of engi-| 
neering work under private or individual control and Governmental 
control. He undoubtedly possessed the ‘aa: essential to success _ 


» 
in any walk of life, wherein he would as surely have ‘made his mark 


as. walk did in that branch | of the Engineering Profession which he | 
a member of various “committees of the 
Soe iety, and it may serve | to o illustrate both the simplicity o of his 
‘eee and his keen discernment. of a useful purpose to mention 
his connection w ‘ith the Committee which designed the present Society 
badge. Here, on the face of the matter, the duty was ¢ of merely 
nominal importance, yet he devoted much thought to the subject, and = 
made many suggestions. It is well remembered how, at one of these 
‘meetings, | he referred with evident gratification to his West. Point 
class pin, the class of 1853, which bore the device of a mortar, with a Ss & 
triangular pile of balls stacked in front of it, and over all the words, x 
“We separate for service.” ” The point was making was that he 
‘bello’ this sentiment, in his own case at least, had proved to be a 
potentiality for good, and consequently the same > might ‘result from 
the work in hand. . After present plain lettered badge had been 
adopted by the Society, | he took the keenest _ interest in having the 
decision of the Committee earried out, that it should be produced as 
early mechanically perfect as would be possible by available er ? 
ve 
‘Thus it ean verily 1 be believed that ‘in all matters, great or small, 
his heart was bound in the Society to. the end that its influence and 
prestige might be broadened, the position of the engineering profession 


be enhanced, and that we, who ‘ “separate for service,” ‘might with 
pride and carry” its insignia of 


: OR AIGHILL, 


Honorary Member and Past-President, 
American Society of Civil Engineers. 
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honors it had conferred upon him, for, by his expressed instructions, + 

‘the following inscription is to be cutg bstone: - 

do 
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His was a true and loving heart, strong with human fecling. A 
‘fitting crown to such a life and character is enduring memory among 
one’s friends and associates. Tt is certain that he himself would hive 


‘ preferred no honor to his memory more acceptable than this, which, 


and especially from the members of the Society who had the plea Smite: 
honor of his acquaintance, is abundantly assured. 


ae 5 “Such graves as his are pilerim’s shrines, 


Shrines to no code or creed confined.” ws 
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CHARLES HERMANY, Past- C. 


p JANUARY 1sru, 1908. 
Herman was born Lynn Township, | Lehigh 
on Oc tober 9th, 183¢ He > was the son of Samuel and 
Salome Wannem: acker Herm: any. ancestors were of Swiss, French, 
English stock, who had emigrated | to the ‘United States early 
as and setiled in the southeastern part of ‘Pennsylvania, They 


oveloped the district from a to ‘ideal nine The 
farm | on which Mr. | Hermany was born still belongs to the family, 
ing bee n deeded to his ance stor, 
“Mr. Hermany received his early education i in the public schools of 
his home | town, where he developed a a decided taste for mathematics. 
H: aving determined to adopt the Profession of Civil E ngineering as his 
life ‘work, he entered Minerva. ‘Seminary, , at Easton, Pennsylvania, 
and was graduated therefrom in two years. Financial conditions pre- 
-yented him from continuing his collegiate education, and for three 
years he taught school, at the same time continuing his studies in- 


mi athematies and in his chosen profession with a determination which | 


‘May, 1853, he went West and found | employment. in the City 
_Engineer’s Department of Clev eland, Ohio. Ab Here he was engaged for 

four years, gradually advancing to the position of First ‘Assistant - to 
Pa ity Engineer, the late T. R. Scowden, M. Am. Soe. C. E. _ When, 
857, Mr. Scowden, as_ Chief Engineer of the Louisville Water 
Company, took charge of the construction of the water-works system 
in Louisville, Kentucky, Mr. Hermany went with him as his Principal — 
Assistant. In this capacity he served during the « entire” construction | 
period and until the works - ks were completed and put in n operation in 
1860. January Ist, 1861, Mr. ‘Hermany was” appointe ed 
Chief Engineer and ‘Superintendent of the water- r-works, which Position 
held continuously uy up to the time of his death. 
Ss The growth of the city soon | proved that the | works, as first con- 

were entirely inadequate, and this necessitated. their general 

enlargement. To Mr. Tlermany was assigned the duty of 

and constructing a new pumping station on the 1 river yank, which would. 

“secure an abundant supply from the river, the stages of which varied 


‘more than 4 40 ) ft. between high and Ww water. ‘The treacherous condi 
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‘let an and ‘firm, 1 finding ¢ the 
ete of a hazardous nature, refused to proceed with it. This condition 7 
obliged Mr. Hermany to prosecute the work by day labor, requiring his 
personal supervision and utmost skill for a number of years. 7 Tn this 
work he was successful, as he was also in the installation of pumping 
_ machinery designed principally by himself, which, at the time of its 
test run, attracted ‘d gen ral attention because its high economic efficiency 
exceeded all known records. - In addition to a betterment of the dis- 
tribution system, he designed and | constructed. the Crescent Hill Reser- 
His last great work to and construct the filter plant, 


Being extremely careful and protien, Hermany conducted a 


ait. 


series 3 of ‘exhaustive eaencite, Satie ar than a year, in order er to 

of treating the river water in the process of 

— purification. Very particular in all matters, he practically 

worked out ev ery detail of all the work which he designed and con 
‘structed, the specifications which he prepared for his large pumping 
engine being an evidence of the to which his work. 
_ As exacting as he was in these matters, so was he in his requirement 

of the fulfilment of every obligation on the part of contractors. Faith- 


3. 
- ful to every duty, | he insisted upon the same compliance fr from every- 


an engineer Mr. Hermany was resourceful i in every 
which enabled him to meet successfully any contingency, as he often 
had occasion to demonstrate, perhaps at no time so signally | as when he 
promptly restored the works ‘to service by converting the remnants of as 
tall stand-y -pipe into a great air chamber, after it had been demolished — 

Fs bya disastrous tornado \ which swept over Louisville in 1890. ee 
a Pos These qualities, 2 as well as his skill, attained for him an eminence 
in | his profession which resulted in his counsel and advice being 
sought by the water dep artments of 1 many cities throughout the country. 
designed the water-works at Frankfort, and Bowling Green, 
Kentucky, and the pumping station at Evansville, Indiana. ‘He 
served, in different water- aller Nashville, 


Mr. | possessed administrative 


faction of the Water Board and of every water wena confidence 


om and regard of all of whom he always possessed. 


<= Water: Works for more | than -forty- seven years to ‘the perfect satis- 


| 
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_HERMANY 


ica at times, | he was impatient ‘and blunt when he suspected un- 
fairness or ‘deceit—for hated all sham and sordidness—he “was” 


those who were privileged to be enumerated among his friends. The 


ple 


great affection n and high esteem in which he was held by the members. 
of his profession, his fellow-citizens, and his neighbors was shown 


the great who were present at the last rites, by the i immense 


= n 
last words w were spoken o over his remains: 


“To discover one’ s talents, to find one’s place i in the economy of the 
world, | to put one’s powers to the highest use in the ‘service of one 3 
fellow- -men, is to merit the approbation of the Judge of all. This is — 
what Mr. Charles Hermany did. He served this community with a- 
7 faithfulness and devotion to duty that it would be difficult to equal > 


t his three sons and his youngest daughter, Hetty ‘May, wife of Mr. 
dics 
ames L, “Smyser, of Louisville. These losses were severe blows to 
m, from the effects of which he never fully recovered. eee Dl 


hi h he 
: = Mr. Hermany’ 8 health was generally good, and he was ill for 
only a few days before his” death. been his intention n to 
nd Annual “Meeting the Society in ‘January, 1908, but, 
Ww days before, he contracted a bad cold which rapidly developed 


"pneumonia, involved both his lungs, and resulted i in his death within 


very few hours, he having been confined to his home less than three 


di ays and to his bed less than one day. 
A sad feature in connection \ with his death was the’ fact that, after _ 
_ many years of earnest and perplexing labor, he was about to complete 

the filtration works, and this was to round out - his professional labors ~ 
half a century 0 of faithful, zealous, and devoted services to 
home city. 
Hermany was ar 


consciousness of faith in his por he had 7 


arrived at a conclusion. He was a constant reader, and _was endowed 
with splendid intellectual gifts, possessing a mind which was quick to- 


discern and independent in its deductions. 


Mr. Hermany never held any political office, though he we was s always 


( 
daughter of Daniel and Sophia (Perdue) Adams. Forty three i 
s of happy life followed this union, during which seven children il 
sed their home, three of whom, Irene x. the wife of Mr. Owen — — ee 
hright, of Louisville, Emily H., the wife of Mr. James P. Donahue, 
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deeply ‘interested i in questions. s-which a affected the w elfare ¢ of his country, 
state or city, and he did not hesitate to give expression to his views, 
‘He was a loyal member of the Unitarian Church of the Messiah, and, 
for: thirty years, was a member of its Board of Trustees. _ He was de 
first President of the Engineers’ and Architects’ Clubs of Louisville, 
and ‘was re-elected for five consecutive terms. 
_ On January 6th, 1869, Mr. Hermany was elected a Member of the ' 
American 1 Society of Civil Engineers. See, 1879, che was 
“lected and serv ed as a1 member of the B oard of Direction and, in 1891, 
as Vi ice- President. In 1904, he v was elected President of the Society, 


During this Congress was elected an Honorary Member of “the 


Institution of Civil ngineers of Great Britain. 
the 


‘He was also a Member of the Franklin “Institute, and of 
American Water- Works Associ tion, as well as of the Salmagunii li and 
Filson” Clu bs, of Louisville, the leading literary organizations s of 


in St. Louis during Louisiane Exposition. 
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MOIR OF WAI ALTE ‘ER LORTON- DUSENBERRY 


Du May 3H, 


Wal 


Vebruary 9th, 1862 2. On his father’s Mr. Dusenberry was 
descended from the Von Doesenbury family, \ who settled in New 
Amsterdam early in ‘seventeenth century. . Members of the family 
served with distinction in the Revolutionary W ar. ‘mother’s: 
family was also of Dutch and Huguenot descent, having settled « on 
Long Isla nd two centuries ago. 
Mr. Dusenberry received his early education at Anthon’s Grammar _ 
Se ‘hool, | in New | York City. | Afterward, he entered the School of 
‘Mines of Cohuabia University, from which he was | graduated i in 1884 


or some time after graduation, At. Dusenberry. wa: was connected 


eng: aia in . mining engineering in ae western part of a United States 


and in Mexico. In 1887 he received an appointment on the } a 


Croton Aqueduct, in New Y ork City, being promoted later for valuable 
orviees rendered. From 1889 to 1895 he served as Assistant Engineer 

in the Department of Public Parks. From 1895— to June, 1897, Mr. 

- Dusenberry was employed, except for a brief interval, in the Depart- 

pees of Public Parks and the Department of Highways, of New York 

City, in charge of the opening and paving of streets. He was then a 

ap pointed Engineer to the Commissioners of Accounts, and ¢ on leaving 

at office in 1903, he e el ngaged i in expert mining work, and 


Ww right, who survives him, He 1 was a member of the ‘Huguenot Society — 


‘and the Sons of the Revolution, | and was : also a Mason. ‘His personal 
—charae ‘ter was of the highest, and he was dev voted to his profes sion, 


Mr. Dusenberry \ was elected a a Junior of the American Boslety of 4 


= 
Engineers on November 5th,1890. | 


Memoir ‘prepared | by the Sec cretary from “material "furnished by Mr. Dusenberry’ 
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PAP PERS AND DISCUSSIONS 


Society is not responsible, as a ‘body. for the facts rr opinions advanced 
in any of its 


GREAT 
LIFORNIA. 


By A.D. Foo Am. Soc 


The Great Valley ‘of California, as as N Nature built t it, by filling an 
inland sea with débris from the hills, seemed capab le of feeding g the 
world with wheat fifty years ago, when men were reaping from its 


loom,’ 


surface > the cargoes for those ‘ “swift shuttles of an 
"the “Gypsies of the Horn.” 
i 
‘Fifty ‘years of mishandling natural riches and spurning natural 


laws have so far injured it that now it may be said, in an econ 


or engineering sense, the Great V alley is lost to the yeni, Se! historic 


wheat fic fields have deteriorated until they are no longer of appreciable 
value to to “the State. Ww hen Mr. Davis, after whom Davisville was 
- named, sat on his housetop and, with a spy- glass, w atched his plow 
teams crawl over his vast wheat fields, he expected a harvest 4 
bushels to the > acre. A member of Balfour, Guthrie Company, the 
"great wheat of P acific Coast, recently s rat those same 


port wheat in Cali- 
7 fornia oul mix . with the native ¢ crop ‘ bring their flour up to grade. 
_ Fifty years of ; Crops V with no fertilization has made the V Valley o: of almost 


no economical value 
The tw two great rivers, _ which should be 6 to 10-ft. ch nnels, 
lare and from Marysv 


- * This paper will not be pr aed at any meeting, but written communications on the 


ubject are invited f for publication with it in tions. 
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‘Papers. OF GREAT VALLEY OF (CALIFORNIA 
shallow sloughs through v which flat. 
- struggle from one sand-bar to another below Sacramento and Stockton. bale 


F ifty years ago they were of i immense value to the community as com- 
merce bearers, and, though not enough to carry tl the highest floods 


Y uba Rivers. 


6 in, above the river when and the bridges of the enahentin Pacific 
— Western Pacific Railroads s went out, ‘though the Sacramento River 


on the north side « of the city was 2 ft. below the high- water mark. The - 

4 rainfall ‘then shifted to the northern counties, and in a few 


River was higher than ever before though 


led 


the River had gone down. 


ver. 
would have gone out, and the whole tiver, swelled d by 


backwater from the Sacramento, would have swept the city, an ‘mass “Te 


wreckage, drifting toward the Bay. a few of the ‘stronger buildings: 


pi 


might have stood, bat probably American | Rive er channel would 


h 
‘now be in front of t le Capitol. 


The word “ duck” is often used to cover ‘ignorance. In this case 


There « can be that ¢ the floods in Great 


gular intervals, and the tiene will come 
Ww when the combination of the rain conditions will be such as to seal 7 
at different times, perhaps, every town and village’ on ‘its lower levels. 
No levee system alone c can be built that v will withstand and the great foods. 


As Mr. Ellery, ‘State ‘Engineer, in his last Report, so well ‘shows, a 

channel large enough to carry the flood of the past winter between 

levees is an engineering absurdity. There e must be some other method. 


a 
og 

During the winter of 1908-09, it so happened that the first heavy ae ’*. 
7 rains fell on the water-sheds of the American and The 7 a 
| 
= 
was tor sacramento City that the flood came down the American first. 

the heavy rains fallen in the northern counties first, the crest of 
the flood would have reached Sacramento about in time to meet the 
its 
ole 
-eame to the American River first, but it is known that it is merely a 
question of time when the laws of rainfall will swing the rains to the oo ‘ef ee 
th ngs will = 
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_ The Report | of the State Engineer for Lents -08 discusses very a 


-—navigation, flood protection, irrigation, mining 
and shows that work done for navigation alone is fatal to flood rotee- 
_ tion because it contracts the drainage channels in order to | sien depth — 
at low water, , and thus prever ents the free pa passage , of the floods. W orks 
irrigation alone” take needed for navigation. Mining is 
stopped because e the fills the drainage channels and spreads o ov over” 
farm lands. Drainage is blocked by the levee system built for 
flood protection ; ‘elk to build levees for ‘in protection alone is oa 
a The State Eng ineer also v very Said says, in | seeking a a remedy: : 


“The first requisite isa of purpose and harmony of effort. 
“The solution of the tiller of the soil essentially, 
solves the whole train of problems,” were words used by ‘Dr. 


_ Chamberlain i in n his } paper on “Soil W: astage,” read at the second Con- 


Conference of the Governors, ‘at W ashington. 
— is believed that “the solution of the problem for the tiller of the 7 
is in harmony with and solves all other problems in Great 


_ re alley, an and it is because this problem | has been - 1 slighted 0 or left out. 
entirely that so so little has been accomplished, and so. ‘many antagonisms 


"aroused, in the attempts: thus far m 


ade toward the conservation of its 


4 vast natural tiches. 


During the Ww vinter of. -1908- 09 a correspondent of of one of the news- 
papers mentioned the: flooding of 5 000 acres wheat, but that the 


0 wner did not regret it much, as as the next | crop ‘would be more than 


doubled by the fertilizer deposited by the water. In this simple state- 


ment lies the secret of the redemption of the V Valley. It isn no 


"exaggeration to to state that the. floods of last winter can carried down « enough 
‘fertilizing material to produce m millions of bushels: of vheat, could it 
have been placed at the disposal of the tiller of the ‘soil. 
In Egypt these floods: of red water would have been welcomed w 
- feastings and thanksgiving in the mosques, for they would ; give assur- 
ance of bountiful crops. engineers" would study Egypt and follow 
the teachings of her long experience, in so for as conditions admit, 
would try ing no experiment. ‘Willeocks, in his great work, 


ian Inrigation,” says St 
neiples of asin 1 
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ing the skill and order of the whole operation. However much fault — 
may be found with the unskilful treatment of the new summer iviga- 


tion ‘of Lower Egypt, the basin irrig gation of Upper Egypt, gradually 
eloped through 5) 000 years, commands sincere admiration.’ 


Basin irrigation is: ‘dividing the land with dikes into so-called 


basins and introducing flood- water, usually | carry considerable ‘sedi- 


ment, from 2 to 6 ft. deep cover the entire area, and letting it om. 
several. weeks until the sediment has settled « and the water has 
into the soil as m much as it will. The water is ‘then “drained 


off quickly, and the crop is sown on the muc mud, often before it is dried a 


sufficiently even to harrow. The areas of these “on ‘depend largely 


on \ the _ slope of the land. In Egypt they vary ry from a ah acres to, 0, im 
one instance, 40000, the average being about 5 000 a acres. This 33 system 


of irrigation | would be especially beneficial to alkali lands. The ex; experi- ee 


ence in Ex gypt is that where land has deteriorated and. shows white _ 
efflorescence from perennial irrigation, one or two years of basin flood- 
ing restores it to its former state, and in no case has basin’ irrigation — 7 
produced alkali lands. So marked is result that W illeocks 

mates that Lower Egypt m may yet have to return to basin irri gation, and 
to wheat rs raising -inste: ead of cotton, tobacco, and sugar, which are. 
“much ‘more profitable but r require perennial irrigation. _ Since that ne 


a compromise method of flooding a a portion of the land ever every ye ear r with — = 


red water has been. brought about by raising the Nile at the barrage _ 
— as to deliver the red water on the Delta lands, thereby fulfilling Will- an 


Che 


cocks’ famous § saying, ‘thet the work of the E nglish e engineers was . 


deposit the sediment | on the lands and not in the canals. Tt will be 7 


seen, therefore, that ‘in those ‘districts where perennial irrigation has 


raised the land-water level and brought on the alkali, the basin . system m 


will dovetail in and enable the tiller of the soil ‘to wash away his. 


alkali whenever troublesome, and, at the time, probably lower 


‘the land- water level by its quick drainage, as one of the funds amental 
ements of the basin syster m is ample drainage channels from every 

art of the v watered area area. 


No one appear s to have re: realized the great physical and climatic 
‘similarity | ‘between the Great alley, nor how perfeetly 
basin system of Egypt adapts ‘itself to and solves. the problem 
in California. Except where perennial “irrigation obtains, both 
countries are limited by to one one short- -season crop, generally 
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some food grain, er as as far as can can now be judged, this limitation will 


‘The Egyptians weloune the > muddy flood, and gently spread it « it out, 
over the valley under perfect control, keeping it ‘until it. has watered 


and enriched the land, and then sending it quietly to the s sea. Sowing 
their grain u upon the ooze ere the water has barely left it, , their cop 
comes to maturity without other aid. In this” way the flood ean be 
“mastered and controlled and made to spread pea peacefully over the floor 


of the Great Valley, where it w ¥ ull Ww ater and enrich the Jand, ‘and then 


pass on to the s sea, leavi ing » the certainty of full « crops ps behind it. Cais: 

trast this with placing dependence « on a precarious rainfall to grow an 


inferior crop on a deteriorated soil, and ‘unsuccessfully fending oft the 


flood in terror lest it destroy the | country. al 


There is one important, difference, howe ev er, between the Nile and 


the Great Valley. In the former, the riv er is expe cted to ‘fall i in ie 
to » drain: the water from the basins back into thus it both the 


feeding and draining channel for the basins. Sometimes the expected 

does not occur, and loss of crops follows. In California the rivers” 


do not usually fall sufficiently to drain er adjoining, lands in time 


for a crop, to planted the s same season, and ‘this ‘may te the 
reason why the basin system has not been adopted. 7 Other drainage or. 
escape channels must be provided which will drain the basins: early 
in the spring. 1 While ‘these channels will prove ¢ expensive there is” 


ample compensation | for them in the fact that the rivers, bei ing “high 


late in the season, can . furnish a second | irrigation for the whe: vat in 


June, which will be of vast benefit to the mi ere eri un. 

‘Tt is proposed, therefore, to construct dikes as ino 

Egypt, over the entire floor « of the G sing some 

3.000 000 “acres ; and to feed these basins, during the winter. or flood 


and creeks entering the V alley ; 52 and to regulate and control the feeding 


time, by suitable regulating gates and dams, Sie the various rivers 


of the basins so as to relie ie rivers of flood waters, ‘as much as 


possible, and hold these flood waters in the basins, or let them moye — 


slowly through, that “they may deposit, the silt and the the Iand, and 


‘finally. drain through escape channels i in time for the ero crops to be sown 
int the spring. ‘Tt is proposed to provide escape channels, “through the 


lowest parts of the V ‘alley, of sufficient the basins 


“rapidly, if required, and assist the ie ers in times of excessive floods. — 


— 834 
— | 
— 
at q 
— 
a 
— 
— 
é 
— 
7 
— 
— 
3 


REDEMPTION OF GREAT VALLEY OF ‘CALIFORNIA 835 


In Sacra and Sen Joaquin Rivers, ‘it is proposed to 


struct, in the basin- regulators, niovable dams 


water no obstructions pon ‘Tt i is ‘de proposed 


construct dams or iers rivers, at the margin of the Veli, 


preve of mining débris or other material 
in riv mand to raise these barriers: to ent 


course, 


it is thought that sufficient m may to prove the 


feasibility of the redemption of the Valley by the m which have 


been in use for centuries in the Valley c of the Nile. | The success there 


proves, before work is ‘begun, that it would not be an experiment. 


On the 1 map of the Valley, Plate LVI, which i is s reduced from the 
remarkably graphic map of 1887 , by William Ham. . Hall, M. An. Soe. = 


CE E., the basin dikes in the Deena Valley ar are indicated in heavy 


ted lines as a diagram only, and are not supposed to be accurate. 


In fact, they are simply interpolated 5 -ft. contours. They are not 


indicated in the San. Joaquin V alley, because in ‘that valléy there are 


many complications with perennial canals and other conditions, 
The proper location of ‘the dikes will 3 require ‘not a little care and 
- skill—nearly as much as in locating a a railroad line. The surveys and _ 
maps now being made by the Reclamation Service are the first neces- 


sity. Nearly a all the construction can be mechanical. Some dredging 
or ditching ‘machine of the . Aurora type can be especially adapted and _ 
built for the service, | as there is enough work to be done to pay for. 
spe cl ial machines. The shape and | size of the basins ns depend chiefly on 
the slope of. the land, for when they are ‘filled there : should be a depth | 
of not less than 2 ft. of water any pwhere, otherwise por- 
tions will not get their due ‘share of silt. ee 
~The dike proposed is 9 ft. high, 8 ft. wide on top, with side slopes — 


of 2 2 to 1, making a bottom width of ft. This gives ft, as. the 
average depth of w ater, with 2 ft. against, the u upper and ft. t. against 


the lower bank. Ha Half the earth would be taken from each side of the 
embankment, thus making an excavation “or ditch which will be of 
8 reat value it in the distribution of the water, doth j in filling and and empty- 


the basin. An ordinary ditching plow « can bes used to eut origi- 
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surface on the center line of the fills tits making a deep | 


nal 


and: a fresh bond with the ung Tt is worth while, especially i in adobe 7 


they are will not hold ‘up much wa water 
after ‘they have stood through at least one rainy season. The dike 
should be e built \ with the ‘machines, nearly complete, with ‘trench alon; 


o 
5 


the center of the top, >, and ‘then, at proper interv rvals alongside the dike k 
small driven- “pipe wells should be put W Ww ith a portable powe 
water can be pumped into the trench a do 


the entire dike e and cause it to settle ‘ate solid mass, 


rt oo fast, thus making nee 
"There aude be drain pipes at intervals 


= 
ij 


along the trench to carry off the heavy winte er rains, as, at the at time 


i trench. These diese are very effective against w ave wash, and 


should be cut every year after ie Aloodin g an d kept watered through 


= 
the dry season by pumping into the trer ich ‘This may seem to be a : 
tr matter and a needless: expense, but t it is of great impor tance 
the safety permanency of the dikes, and. keeps them fron 


washed | by the rains ‘as the waves, keeps the earth in on 


‘the discourages and tends to a more thorough inspe 
tion of the dikes. 


‘It is desirable to feed each basin» with water the 


supply, i order to get all the sediment, and also drain direetly to the 


escape: to have it act quickly and thoroughly. ly. In actual 
practice in Egypt there are many adaptations: and complications of 


simple proposition, compromising to fit the natural 


of each loc: ality. | There may be a 83 a sy ‘stem of basins, each o opening t pie 


7 next, - the supply | being from the upp upper to the lower and 1 the draining 

“through: the lower from the ‘upper, \ the eseape channel | is by a 
siphon, under the supply channel of another and lower sy system of basins. 
7 In the Great. Valley, the slope of the land is such that ‘most of the 


eS basins are very long and 1 narrow, as for instance the 35- -ft. contour dike, 


shown on Plate LVI: as starting from 1 near Cache Slough and 1 re: aching 


up the west side of the valley to the Sacramento at Winn’s Landing. - 
Both. for safety and convenience, , this i is ‘cut into many basins by cross- 


7 dikes, some of them fed from the Sacramento and others “from the 


| 
— 
: 
|- 
| 
== 
‘Ge 
— 
— 
1 
— 
— 
— 
i 
7 
— 
il 
— 
— 
— 
: 
— 
| 


4 
; 


“TOPOGRAPHICAL AND IRRIGATION MAP 


GREAT CENTRAL VALLEY 


OF CALIFORNIA 
EMBRACING THE SACRAMENTO, SAN JOAQUIN, TULARE 
AND AND THE BORDERING FOOTHILLS 


_ Curves of equal elevation are given and nun or each 20 ft. above low tide 
shown at some points, Tie 
The location of Artesian borings are shown thus + ile 


_ in Suisun Bay, and intermediate 10-ft. curves are 


Dikes in heavy dotted lines----- 


Drainage channels in heavy lines - 
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side streams, P utah Creek, , Cache ‘Creek , ete. ~ When completed, there- 


the basins may be from 10 to 20 miles long and f from to 3 miles 


forming a a manageable shape and area. 


The fecdin feeding g regulators, dams, and gates will try the e skill of the 
engineer, espe especi cis ally along the slopes where side streams are to be taken 


care wel, Chey ‘must be built, not only to feed the basins, but to allow - 
exet ess. to pass, and ‘they must built on sand. Much may be 
learned from the expe rience of E nglish engineers in ‘India’ about 
aulic structures on ‘sand foundations. ‘They have done a vast 
— of monumental of this kind, under conditions far 


- these hi ave withstood floods | of more than twice the volume ever given | 
by by the § Sacramento and San Joaquin Rivers combined. 
Recent practice in the use of cement grout in sand and gravel 
founda ations will enable engineers to accomplish results in these sandy | 
river bottoms at far, less cost than the Indian structures of stone and — 
brick; and the great factories — near V allejo will furnish this most 
important article, cement, at a price , which ' will allow of its liberal use. 


‘ Few px ‘ople know and few engineers seem to realize the value of cement : 
grout for sand and gravel foundations. The cantilever bridge across _ 


the Niagara Gorge is built on the loose slide or t talus which fell from —_ 
the 1 bluffs. place on ‘the “slope was leveled off and cement grout 

was poured in among the loose stones until the interstices. were filled; — 
this, on hardening, gave a solid n mass on which to build, A coment | 
_ conglomera ate it might be called. The great barrage at the head of 
‘te Delta al the Nile, built on Nile mud, was nearly useless for many 


years until Seott- Moncrieff s strengthened the the foundations with broken 


a he sand and ‘gravel beds of the streams entering the Great Valley 


are feet forming this cement conglomerate if cement 


* 
sd driven into the river bed, i 


de pth required ion the foundation, a foree pump > grout 


‘into the interstices until they are full of cement which on hardening a 


forms the solid concrete. The grout may be for ‘ed in within ae lie 


of from to 6 ft. from the pipe, depending on the porosity of the bed 


In this manner, broad and may — 
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struc ted on w 


‘estimates such work, Near the alley 

One or two of these structures for regulation will be required on on 
each of the ‘smaller streams, and several on some of the larger ones. 
Each will have to be designed to fit its own peculiar conditions, after 
those conditions have been determined by eareful detailed “surveys. i 
the navigable streams it is proposed that the feed- regulating structures 
‘shall include a movable dam and navigation lock for slack- -water navi- 
gation. in ¢ order t¢ tum all the flowi wing w ne water 


> 


DIAGRAM OF 
DAM FOR RIVERS 


Closed 


| 
River 
2 


water into Pit 


obstruction a heavy y flood season, aa to allow ‘the 
water to be used for perennial irrigation after the snow flood i in June. 


For these movable dams: and also for ‘the: feeder gates: it is proposed 

tou use a construction similar to. the sector dam or gate designed | by 
My. E. Cooley and used by Isham Randolph, Am. Soe. at 
4 the locks and power plant of “the Chicago Drainage Canal. As there 
2 is no ice to. interfere with them, the only apparent objection to them 
removed. If worked hydraulic “power (obtained by pumps, in 
this case), as at Lockport, - it would appear feasible to have a single 
gate for the entire width of the river, or perhaps two with one pier 
between them, which, when down, would ; give a very free waterway for 

[ floods. ods. It might be prefer: able to have the feeder gates in comparatively 
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— hich to build movable dams and regulators, on nearly o 
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short sections, and arrange them with the axis on piers iil ibis gate to. 


raised ov out of the water by suitable gear. AD counterweight might 


W ‘ley, Am. Soc. C. E, for gates, which makes the manipula- 

tion very easy. Figs. = ‘and 2 indicate the design of the gates i in a 


“mi They are drawn very and as they are of the 
frst importance and their | loce ation and ‘size can only be determined 


hard and skilful work. the 8 Sacramento: Valley, it is: 


Dotted lines show Gate open 
Water flows underneath. _ 


= 


“carried up up the lowest part of the Yolo Basin, with a grade, if possible, . 
4 which will give from 4 to 6 ft. of natural banks. a feasible, it would 
be better to use the excavated | material for filling or leveling up. low 


“ces, and have a spoil banks, the design being to use the whole. area 


~ between the 10-ft. contour dikes as an escape channel when desired, 

and to use the « excavated channel | permanently f for ordinary drainage ; 


and for carrying the ¢ excess water of Cache anc and the other west-s side 


creeks. ‘There v would always be : very y considerable sec seepage gathered 


by the branch channels which would have e to be taken | n away by ‘this 


channel. 


Above Sacramento a “branch be carried under "and 


| 
on 
| — 
— 
all 
/ bottom grade beginning at mean low water, a wide channel should be | —— 
‘DIAGRAM OF GATE FOR CHANNEL 
Ao ON 
— 
— 


pe need a large cross- -sectional area 


taking. Another branch escape channel will to under 


‘the Saer amento, to take the water from the Sutter Butte Basins. 


f 


orthwar 


through the olusa Basin, 

‘The present. channels: on the west side of the valley, and those of 

the smaller streams on ee east side, can be used both as escape and 


feeder channels, as their flood season will be over in ti time to receive the 


escape w aters: in the ‘same ne channel. 


der the Sacramento > may seem to b be serious 0 obstacles 


he siphons u unc 


be | reduced to the simple one of ¢ There is” nothing nov vel about 


except their size, and, if considered as. structures: only, is 


no in their ‘size. The Sola ani or Nadrai 


Davour C2 ‘anal, Thaly, permanen 


one in built of masonry by the ‘Moors, which has 300 ft. 


and has been in = nuous service for more than 600 year 
now 


“3 ‘Tf the location should prove to be in nei the 


accident as far as kn 


routing ‘method wold reduce the cost materially, and make better 


g 
foundations, as water would not seep along the grouted portion, 


4 


if the upper part were built of concrete would be very low 


comparison with the brick ar nd masonry constructions i in India. . If it is” 

necessary to build these siphons to drain from the basins an sala e 
depth of 5 ft. of water in 30 days, it will require a capacity of about — 
— 80 000 cu. ft. ns sec. for the American Basin and 50 000 cu. ft. per sce. 
“for Sutter. Assuming that there will be sufficient slope to g give 
head on the lene: which will force the water through at a velocity of 
8 ft. per sec., the siphon for the Sutter Basin would have thirty barrels — 

-- archways, each 20 by 10 ft., and eighteen’ would be required for the 


American, or the eat structure would be_ about. 700 ft. wide and as 


long as” the distance, outside | to outside, of. the river leve ees, and the 


; latter w would be about 425 ft. wide and of similar length. It is probable 


wa all to allow of au that 
it be 
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the that these siphons and the feeding and regulating « dams and Tocks: would | 
be loc: ated : as one structure ‘in the: river, which would reduce: the cost 


-appreeial In any event, it is “evident that the cost of the siphons 


would not be prohibitive, and would be cheaper than any competent 

pumping Plant, even for drainage ‘purposes, if the cost of operation on be - 

«onsidered. ‘It should be added that the rectification of the Sacramento 

Rive be low Cache Slough, as recommende by the Commission of 


E ngineers, is a very necessary part of the « escape . channel system. _ 
The escape channels | for the San Joaquin. V alley are also_ indicated a 


in heavy, lines on the map, and hi ave been drawn with considerable 
hesiti ation, as there i is much. less information on record concerning the | 
physical conditions in this v alley than in’ the Sacr ramento. Tt is not 
probable, however, that the S San Joaquin River, from. the Merced down, © 


— he ‘depended on to subside soon enough to carry off the escape — 
waters from the basins. Tt is proposed, therefore, to carry ‘an inde-— 

pendent channel up on the west side, as shown on the map, to inter cept 

the ‘San Joaquin just above ‘the Merced, and ‘thenee, following and 

enlarging the river, to its. bend to the eastward. Thence, it would 

follow the lowest part of the valley, with a slope sufficient to drain 


Tulare Lake completely.’ This w ould necessitate a long cut from about - 


the 190 contour to the center of the IF ake, which would be expensive, but 7 


to make a navig gable the Bay to Branch 


ese ‘ape channels fo for draining the basins will te needed, somewhat as 
In the matter of barriers for holding back the mining débris and — 


“other wash from the mountains, it ‘may be thought | that the State’s 
attempts in the uba tend to discourage any more work ‘in that direc- 


tion, TI The work done, however, should remembered rather as a 


lesson well learned, to be cused to future advantage. Tt appears s from 
=f 
> that in each instance of the ‘breaching of these it 


is, the water, after — over the 
preg 


Papers. — 
| q 
4 
q 
— 
| 
@ It is probable also that the channel would be continued through the BN ee 
lake and slough to Buena Vista Lake. The San Joaquin River below r 
; the Merced will need to be rectified and provided with dams and locks | ae 
§ 
a — 
+ 
— 
4 
barrier, dug a hole on the 
: neath until the barrier fell from want of support. A hint may be | iia 
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on from the English « engineers in India; ; for a wall m may be carried 
en n into the river bed on the lower side of the barrier far ‘eno 


prevent this undermining, This would the i immediate and 


local danger to the barriers, but there 


5 which must be remedied also. ‘It is so well known as to pees no 
comment, that. rivers if left to are eternally flattening theiz 


r 
That is, they | are moving whatever forms their bottoms: 


cs stream in the usual course of Nature, and the s steeper the wre 


the greater r the action. ‘therefore, some extraordinary cause fills. 


a and makes: bed ‘much steeper, this cutting action, will 


all coming from above be and held, then the cutting 


. aetion below this p Point will be much more r rapid, because, se, as the 


~ material i is moved along, there is no other from above to take its place. | 


DIAGRAM oF BARRIER 


SHOWING STEPS TO BE ADDED AS NEEDED © 


lf barriers are placed 


and they lownw: 


no 
desirable to have barriers in order to ‘prevent any more débris coming. 
from the hills, they x must be ued at intervals all ee way from the 
is will break the river grade into 
nearly flat as to prevent the movement 
their bo bottoms. lessen the 


current and 


a 


3 
q 
— 
Yj 
the Feather and Yuba Rivers up near the 
hi nly, the movement of the vast accumulation of débris_b 
er ae ‘ hills only, the - nent of the vast accumulation of débris below 
a the barriers will simply be accelerated, ird 
25 | 
| 
| 
— | 
a be. The excess of the floods must be turned into the basins and pass off 
through the escape channels. 
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In building these barriers, shown m in Fig. 8, it is. The 


the cement grouting for a Jarge of. 


ably, it will be aie: difficult nor r costly to spread a few feet of oe 
ee rete 0 over it, , during the dry se se ason, and this, if kept 1 moist until it has 
set, will be as good as tl 1 surface 
set, wl as as original surface. 


As” soon as the side streams entering the Valley are > placed under 
control, it is is believe ed that the heavier | silt following along the bottom 


of these streams may be "segregated and conveyed in small flumes to 

ree! le aim much | wi iste land which i is now useless, such as the beds of. od 


ere 
sloughs, low | places: ‘that have ‘become alkaline, and ‘small areas of 


swamps which cannot easily be drained. In Ttaly_ and the | South of 

France, large areas | have been reclaimed by this method, or colmatage, 

as it is called, and much may | be learned from their ¢ experience ; but, in 


segregating this heavi ier silt, s some- DIAGRAM SHOWING OPERATION 


thing may be] learned from he eine GATE 


> 
= 


tolerable pk acer miner who, when 
puts in in his “¢undercur as he Water 
calls then (for an entirely nt 


purpose points the way whereby. Silt Conveyor _| of Conduit 
~ the lower strata or heaviest silt, roll- 
— ing along the bottom of a channel, may be diverted and carried away. 
i he sketch, F ig. 4, shows the process be ‘tter than it can be dese ribed. The | 
secret of it is that the slot or exit orifice extends entirely Across the bot-_ 
tom of the channel, a and the ve — of the Ww ater ‘through, this: orifice s 
rot ret etarded by, the sidewise ¢ hannel sy a sui 


to vary Ww idth of the exit orifice, any desired. quantity a 
r silt may be removed. — ishap it is subject to in work- 
d sticks and leaves rolling» 
wit silt. Oper ing orifice wide for an_ 
ly ag leet: - t that a trap of this kind © 
i i streams (they might be 
e sufficient grade can. 
nitiguid sil n small flumes. 


ing for the wall tiller er of the soil, 
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in his riffles, ‘Tt can in of among 

the foot-hills, that en enormous crops are produced o1 on soil made en entirely 


‘slick ens” of ‘the mines, and even raw w slimes from the 


dams. It seems the raw rock, finely ground, "presented “its 
potash and phosphorus to vegetation in a form that can be readily 
assimilated. 


It is not probable ‘that placer mining: will ever become as large an 


‘industry | as it was before i it was ‘stopped by law, but a any placer cer mining 
will benefit the farmer > at the ; same time it will throw more or less 
coarse ‘material into 0 the stream beds, and this must be retained by 


raising the barriers oftener ‘than would otherwise be required. 
would but reasonable, therefore, that the placer miner be taxed 

sufficiently, to pay pay for the increased work required at the barriers, evel 


‘if his silt does enrich the valley lands. 


It is expected that the ‘Sacramento River will ri apidly deepen 


after. the barriers are in place, yet there will be much dredging to be | 


done, as shown in the Report of the Commission of E Engineers ; but, 


having the escape channels, as provided i in this: basin system, the river. 

= never be required to carry ‘much more than two- thirds sof the 


‘greatest flood, and therefore it will only, be necessary to » enlarge the 


7 7 carrying capacity of the river to. about two- thirds of that demanded 
by y the ‘Commission Engineers, below Cache Slough. From 


Cache “Slough | to 0 the Bay, room must be provided for more than 
000 cu. ft. per ‘see. for the Sacramento Riew, addition to that 


equired for the San Joaquin below the | junction. 


r 
ssa the heaviest flood conditions ¢ ever known on those inti- 


mated in the first part of this paper), as sure to come in the: Sacra- 


: mento Valley, and i imagine ‘the basin scheme complete. Tt is believed 


. “that the operation would be as follows: : In the beginning of the flood, ’ 


the regulating dams would be closed, the feeder gates open, an and the 


~ basins ns filling. Ordinary judgment would imply ‘the o opening of the 


escape gates s¢ s somewhat before the basins were were full. As the floods ros rose, 

(the regulating dams would open, to pass the excess ss down the rivers. 

‘The floods s still rising, until all es escape g gates are wide open, all dams 

down, and the rivers full, there would still be room in the basins for — . 


~ 
—hvhhae coarser part of the miners’ débris, the finer silt goes to the soil, and 
— 
— 
— 
— q 
3 
a 
— _ 
| 
a ‘ | 


i is 1 reasonable to assume iiss these ¢ con ndi 


am a would not occur later than ee 


- gates would be closed and the rivers 


in 


1s Co 


get a yi irr ig gatio 


the for 


flood 25 % 


only without injury, 


rely follow. 


dry season: ‘Unfortu- 


is 1 yet sufficient to 
predict, at os oe nning of the winter, what t the e rainfall! is to be, but, 
ng 
in any "event, will always be well to turning 


the muddy Ww water 


it comes; and, if there are no rains 
g, by sing the regulating dams, all the water 
spread as equably- as possible | over the 
ast a s short ‘soaking. Early sowing w will be 
73 some snow flood, ‘it may be all used jo 
in June by closing the dams again. n, 
the extra 1erefore, the basin system will, utilize all the 


water make s of a crop, the land will 


its previous enrichment 


is 1 nillio ions return is 
reaso mable estima or 


d benefited is per and there 3 000 000 


the average increase in the value of the 


Papers.] REDEMPTION OF 845 
considerable excess, until their limit was reached. 
capacity of the river and escape channels would be somewhat 
amore than 100000 cu. {t. per sec., greater than was ever required 
it tions would not continue 
arch. Very soon the feeder 
be carrying the falling flood. 
: The eseape channels would drain the basins rapidly. | Sowing could | (im 
channels would drain the basing rapidly. Sowing could 
7 begin in the higher basins by the middle of April, and in all by the im 
may be thought to be too late for a good | 
crop, but it must be remembered that a heavy flood in the Valley means = 4 ae 
a a heavy snowfall the mountains and a long snow flood, so that a late — i. 
sowing of the crops Jjjjmpensated by a late irrigation, that is, that the 
i — feeder gat in near the end of June, and the crop si 
4 will th 1 at the time of the hot winds of late — i. 
Fro be seen that a 
. that of 1862 could pass through the Valley, not _ 
but with vast benefit to the crop which \ _ 
Assume the conditions in an extraor i. 
| 
} 
1 
It is conceded that this scheme, presented, will 
| 
hem 


oF 


come under the ‘system. The increased ue of the crop 


produced annually would be $20 per acre, an value 


The value of ‘the waterways produced byt the building 


the system is very intimately connected with | the v alue of the land, and 

‘4 nay be included in that. estimate. 


value of the flood protection annot be es in dollars, ars, 


as it includes human life and happiness; but the increased value of re: real 


estate in Sacramento and Stockton — will be of importance when it is ; 


once ce realized that 1 there i is no d: anger from floods, : and that these citie 


are surrounded by millions acres sof ever r rich wheat 


to ‘the prospe rity “of the Valle, and the bitter war 
between the valley a and the hills will end in both being benefited by the 


“slickens.” 


It will ‘ihe a of years to complete. the ‘scheme, and may 


require $75 000 000, which can be borrowed by the State as needed, and 
returned to the State by the lands benefited, in installments, after | the 
benefit has been reecived, in a m: similar to that followed by 


U. . Reclamation Service. The benefits 
lands i in 1 the basins, but also the cities and towns, and ree mines, or we 


property in 1 the V alley. The a assessme nt might be arranged as a ge neral 
tax on all property, sufficient to pay the i interest; - and, ‘adh basin lands 
would receive the most bene fit, (after » they began to produce = repay 
ment tax of $2.5 0 per acre for ten 3 years might be imposed, | in order 
to pay back the prine ipal. Afterward, a maintenance tax, sufficient 
to maintain the system, should be > placed on all property. 
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q This Soute ty is not reapousible, #: asa body, for the facts and opinions eas 


THE TRACTION OF FREIGHT DR. CAINS 
ERENT SPEEDS.* 


M. Am. Soc. C. 


ing is the 
ould be. by curves on the ruling grade is, in the present 


with by equating o or “slackening grade” throughout 


he length of ies curve, with the purpose of producing a perfectly — 
over tang ents and curves alike. In the of 
~ curves “not thus equated, the additional resistance due to the « curves — 
must be applied as an increase to the ruling gradient throughout the | i 
length of each curve, and, if the proportion — of eurved line be consid- 


erable, the of vad must decide up upon on what ‘the ulti- 
ve 


0.10% per of and 0.05% is a rate largely 


of curve. au on the subject, the or finds a a general 


consensus of opinion t o the effect that 0.05% for light « curves” -and~ 


7 * This paper will not be pr presented at any any meeting, but w w written co communications on the 
subject are invited for publication with itin Transactions, | 


iad 
q 
Lhe problem of line what a given 
t 
| 
4 
=" 
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or 0.03% for very _— curves is about right, , with | intermediate 


values: approximately proportional. Using. this asa standard, it is 


apparent that the amount by which ‘the ra rate of the ruling g rrade s should 
be reduced on curves is given 1 by the following equation, in which ¢ 


‘is the percentage of reduction and D is the degree of curve: 


This reduction is for curves on ruling grades © where the train is 


required to stop. Using Equation 1, a becomes 0.9% 


for a 2 and 0.47% when | for a 20° curve. 
In what follows, the term, g, means eith 1er the ‘ “resisting pan 

ypensated for cur wnat at about this rate 
Ina a paper* rec presented to tk develops 


the following equation, _expre 


at”. or 


of the \ wei ights of heavy trains at the slow speed of. 

from 10 to 7 ‘miles per hour: 


T of tra hind tend 
ons | rain we elg 1 be ind ten 


in which P= the “drs awbar 


7 locomotive and tender, in tons, a 


per car of the train, in tons, g is the of the 


grade, in percentage, the being 2000 Ib. a locomotive, 


weighing, with its: tender, 168 tons, exerting a drawbar of 32100 


Tb, and hauling train of high- efficiency ¢ cars, which is 
re opresentative of ordinary conditions, this. equation n becomes: 


of wetght bind tender 
Tons of tr ain weig it behind tender = — 249, .._ 


- 2094 
In order to adapt Equation 2 to speeds greate r ‘than 10 miles per_ 


“hour, _ two changes must be made. As the speed increases, the draw- 
bar pull, P, decreases; and, toa much less extent, ‘the ea car resistance, 
sw’ increases. T he variation in the drawbar pull is unquestion- 


the form of a curve, e, and elaborate modern tes stst have shown 


that ‘the rate of change i is comparatively low at high speeds, becoming 


Am, Soc. C. E., Vol. 


For example, “Locomotive Tests and Exhibits, Pe asylvania. System, 
Louisiana Purchase Exposition,” ig 


* Maximum Weights of Slow Freight Trains,” by Cc. 8. Bissell, ‘Transac tions, 


848 
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more and more rapid as the seed until near ‘the limiting 


heavy locomotives, this takes place at a speed of between 10 and 6 


miles per Such a variation cannot be expressed 
without great complication, but fortunately the major ‘part: of the 
‘curve, above 10 miles hour, may be expressed very an 
algebraic equation. From records of ‘Pennsylvania Railroad 


freight locomotive the type used in this study: 
peed,  Drawbar pull, P, 
in mil Tes in of pounds. ax, 


821000 


that a ‘suitable form of equation for curve through 


in which k, and n are constants, and Si is the speed ; deducing 


— 


in. which P is is in 
 inereases, in proper proportion, as on on Fig. 1 
The second step is to find an expression for the increase ok: train 
resistance, in pounds per ton, in proportion to the increase of speed. 


= this purpose the writer refers to the paper* “Virtual Grades for 


Freight Tr rains” | by A. C. Dennis, M. Am. Soe. C. I EL Fig. Lett f that 


paper exhibits s sev eral nin resistance, and, commenting 


Mr. De 
them, Mr. Dennis saps 


_The train resistance, in pounds pe per ton, compensated for r change in 


“train, hee mean ‘of these “points taken, as 
=—_ as possible, ‘for each train, . Fig. - shows what i is believed to be 


* Transactions, Am. Soc. C. E., Vol. p. 1. 
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_ For this investigation the writer selected the curve marked “52 


‘Loaded Box Cars. Tare 81% of Gross. Weight. ‘Trac 


Box Cars. of ‘Track: So ft; and 
used only that portion which is for 2 a speed greater than 10 miles ‘per 


a aking the ordinates es by scale, the following was obtained: 
rer 


miles per hour. a _ pounds per ton. 


1 


s per 


Resistance,in Pounc 


oo 


ELEMENTS OF EQUATION 
ui FOR A LEVEL TANGENT, 


= 
3 
Pa G 
= 


20 


in which the resistance, AT 73, is about 0.1 greater than as shown by the 


curve. the 1 light of Mr. Dennis’ comments, , this slight ‘modification 


= 
| 
W 
— 
— 
— 
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§ 
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deduced in the ‘manner that for 


150 — become shout 47 — 
Por speeds 1 near 47 the ‘variation would then have e become pane too 


great, 


since the curve 7 a rapid flexure on segue: its asymptote, 
7. 


Under the this. slight, change seems preferable 


the | adidas: necessary fora more exact treatment of the case case. 


The value o of Y for a: speed of 10 miles per hour, according to ‘this: ; 


is 4. and the increase in at. this must 


ease in resistance due to spee wk 10 per hour is: 


Tnerease in ear resistance = 5 
Denoting the constants by the letters, r, t, and c and substituting the 
two expressions in Iquation 2 2. the general equation is formed: 


—20 9 m 
Train wei 
i—s 
in which S is» speed, in miles per hour, W is the uni 
weight the tender, as the aver car, 


‘ain weight, in tons, 


behind tender 
> 1 


in ae varies s with a multiple 


— = 50, as a circle tangent to the direetion of abscissas ball 


le that “the 


851 

i 

a 

passes through the three points tabulated above. Had the modification © a 

age 

= Jae 

| 

‘ip — 

on: 

| 

As a matter of suggestion, the writer wishes to call attention again 4 

_ to the expression for increase in train resistance due to speed. Regard-_ ; — 

 s=3s, 
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‘divided by twice the radius vill equal the stance from tangent 1 


4 curve very nearly”* 


Yo 


rate of i increase in resistance as 0. 0005 jae easing ian 0. 

; F or —_ = 10 the olen is 0. 05, in therefore the i increase in resistance 


+14 


WEIGHTS OF FREIGHT TRAINS 
VARIOUS SPEEDS AND WEIGHTS 
ON A 
0.3% GRADE ‘ 
EQUATION 


J 


n 
a 


Speed, in ‘Miles per 

2. 


sar? 


10. per hour will be (0.0005. — 0. 05), which may | be 


substituted i in Equation 3a for the expression 


‘if desired. a The results are practically identical, the difference at. 50 


tiles per hour being or only 0.09 Tb. per ton. The writer prefers the 


_ _ *This statement is to be found appended to tables designed by George T. Keith, a, Am. 
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of its greater is 


2) 

tests. The curve on on Fig. ‘marked “ Car Resistance” ‘the 

form of variation for an average car weight of 75 tons. a 


= 
‘The results o Equation 3a for car weights of 20, 40, 60, 


ona 0.3% grade, are exhibited in Fig. 2 and for similar 


eights on a 1% grade in ‘Fig. 37 The great effect which the car 

ht is apparent from curves. 


completes 


B saldwin’ We orks, Wellington, and q 


= 


earles. these formulas are of the form: 


Resistance, in in pounds per ton = am constant 7 multiple of velocity. 


Professor W ebb calls attention to fact that ‘only Searles’ 
vula and -Wellington’s (which was, based on Searles’) contain a 


factor varying with the train w veight, and he emphasizes the necessity 
yen 


of this clement in ‘expression which aims ‘to comprehend the the 


of variation. Tt is noticeable that the constant in the 


above form was” wer chosen. to represent an 1 average value for 
the expression, Equation 3, and that, the two formulas 


just mentioned, a | part of the resistance is made to vary W with the total 


we ‘ight of the train, thes rendering them “more accurate e for extremes 


« 


ear, ‘is s representative e comprehensive of ‘euch ‘terms a ‘weight 
ihe train, ” multiples of “length of train,” “number of es cars,’ » or similar” 


factors 
‘The of the late AL M. WwW ellington, M. Soc. 
whose f formulas are mentioned above, indicate a doubt as to his | own 


ie heading for some tabulated values the writes: tes: 


“Table 166 | ‘Train Resistance on a Level as Affected by Velocity 
Giving what may be considered as the ordinary working maximum, as 


determination of the proper total of the v various resistances. As 


Bi “The Economic tna of Railway Location,” by A. M. Wellington, M. Am. Soc. C. E. a 


| 
it 
realized that t r car resistance was a form over which ~ “= : 
; there has been much discussion and disagreement in years past. Those © ——_ 
‘interested will: find in “Economics of Railroad Construction,” - 
Walter Loring Webb Soc. C. E., a carefully drawn com- q 
4 
a 
re range — 
q 
é 
q 
be 
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4 computed from the general formula of Wn. | H. Searles, ssinieiian | 
- closely with the apparent indications of the most -Tecent* tests, but 


possibly ‘as much as one-third too high for or the | resistances at high 


speeds under favorable i rid 4 


‘The here to are re evidently those of the 


~ rr 


carefully executed t tests mi made 
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Speed, in Miles per Hour 


are not nearly 3 as great as ‘as they were formerly | believed to be; and, in. 


using these » tests for the dev elopment of Equation 3 3a, the writer believes 


that the atmospheric resistances are represented by the — upward 
trend: of the curve used to show this variation. 
a Professor Searles s says: + “A: formula whic h shall express the | resist- 
* Not later than 1887. (The writer. dh 


+** Field Engineering,” by William H. Searles, M. Am. Soc. C. E. ; 
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a train to uniform motion must include at least the v velocity © 


weight 0 of ‘the train engine. 


In the t of E ter has regarded the 
as merely the aneous agent whi e ‘drawbar pull. 


the the internal or other 


ne, form a made ‘it 


e weight should appear in the equation. 


to obtain. data with which to compare the 
ould be made 


been | satisfac story In fo formu reat. at object 


1 to dec yn represent variation | 
rately to a poin nd the extreme limit. of speed. Recogniz- 


j 


ng that the problem: is not one o pean precision, , the writer has i in 


cases ‘used ( ly the first power of the 


cated forms. ‘The ns tants 


the pul, car resi 


tho in increase in car ‘resistance ined by actus tests, 


the ex el 


rom good tests the can easily 


Fest 
b ra sim le : algebraic rocess. Whe hen ‘this 


stance con istants may be retained, and only those 


drawbar wi to be changed in order ‘to. 


motive use 


been educed to express” the resistance 


emi 


1 average val 
‘a 


im SS] 


“expres 
eae is cti ‘h arest approach to 


ears, the weight of the 


the _purpos 


use uls m nade by loco- 


either steam, her motive power; and also in 
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and the 

has been difficult | 

—resul 

ea done, 5 

the 
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he great disparity between the results 

| atrain at different § | 

recognize the effect 

of the relation of the train weight to the number of cars, or else from ~_ 

an attempt.to deduce a lue to represent it, which is obvi- 

1e weight and resistance of 

“i except that the two latter factors have been merged into one, “the ; ‘e 

average > of the train, which is a most convenient j ; a 
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“be considered as a 


same above, except that the form de one 


‘more of them might need to be ged to suit special forms of cars. | 


not appear probable, h r such a be neces- 


ept perhaps in curve: 


ver fallacies or errors exist, in or 


— 
does 
inerease in car resistance due to increase in speed. It is with great 
. Hi ~~ _ interest that the writer presents this development, in the hope that the 
that they may be rectified, if possible.’ 
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ons, 


THE ‘NE YORK TUN 


By Es W. Raymonp, M. Soc. C. E+ 


supervised the designing and construction o! “York 


Extension of the > Pennsylvania Railroad, the late ‘Cassatt, then 


President of of Company, said to the writer that for many years 
had been unable to reconcile himself to the idea that a re ilroad 


rai 
stem like the Pennsylvania should be prevented from en entering the 
We 


most important _and populous | city in the country by a a river ver less * than 


one mile wide. 7 The result of this thought was the tunnel ex extension 
—_ now nearly completed; 4 but. it is s only in in recent t years that new 


m practicable 


Previously a a tunnel designed steam n railroad traffic 


2, to to enter 
New York City near Christopher Street, was partly onstructed, but 


the work was abandoned for financial ‘reasons, eS Then ‘plans for a great 


suspension bridge, to enable all the» railroads r reaching the west shore 


_ * This paper and that of Mr. Noble are printed as introductions to others describing a 
New York Tunnels and Terminal of the Pennsylvania ‘Railroad, which will appear in the 
ctober, 1909, and subsequent numbers of Proceedings. overs 


_ + Brigadier-General, U.S. Army, Retired; Chairman, Board of Engineers, Pennsylvania _ 
Tunnel and R. R. Co. 
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= of the North River to enter the city at the foot of 23d Street, were 


carefully worked out by the North River Bridge Company. — The Penn- 


sylvania Railroad Company § gave this project its support by agreeing 


to pay its pro rata share for the use of ‘the bridge; but the othe ra 


railroads declined to participate, | and the execution of this plan was 
not undertaken. 


initially in ‘tunnels by ‘the Ba Baltimore io Railroad was 

subsequently studied and adopted by railroat 

possible to avoid the ventilati ted with stea 
practically pro- 


ilit lity of tunnel 


-* 


ortant elements” into the transportation | from a 


au 


freight as well as a passenger standpoint. Prev iously, the con 
sidered had for their only object the establishment of a co nve 


“terminus in New to avoid the « delays and difficulties 


a 
a 


in the necessity of transporting passengers and ie 
“North River. When the Long e pr 
of the Pennsylvania it was possible and to exten nd 
the p project so as to pr ovide, not only for a great prospective local traffic 
from: all parts of Long Island, but also for through passenger and 
freight traffic to the New England States, and to and from all ‘points 
on nthe Pennsylvania System, thus avoiding the long ferria; eo from 
Jersey. City around the harbor to the Harlem River. 


This p "Paper has: for its. subject the New Y ork ‘Extension 


project, is intended merely as” an introduetion to the detailed 


accounts of the ¢ construction of the 1 various divisions of the Ene to 
be g gren in succeeding | papers prepared by the engineers who actively — 


carried out the work, The project, however, forms the most important 


part of the comprehensive scheme adopted by the Pennsylvania Rail- 


road Company for conducting its. traffic into and through New York 


City, and a \ brief description of this general plat in is therefore 1 necessary 


s of th 0 
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with the steam locomotive. The practicab 

extension project finally adopted was thus assured. I 7 
The aequ 

— Pennsylvani 

— 
: 

| 

a 

| 
7 

— 
— 

in order that the retations of the tunne ine to the other part 
transportation project may be clearly understood. 
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GENERAL Puan ror Trarric Faciiities ar New York. 


The component elements of the general plan ontlined by Tate 
A Ra 
Tranait of the City of New York, dated 
ig. 1, may su 


Cassatt, President, in his o en letter to the Board of Rapid 


re as New Y rork unnel | Extension the P Penneylvania 

Railroad. ‘This begins near New: ark, N. crosses the Hackensack | 


Meadows, and passes through Bergen Hill and under er the North a 


the Borough of of Manhattan, and the East River to ‘the large terminal 


ard, known Sunnyside Yard, in Long Island ‘City, Borough of. 


Queens, New ork. ‘The line will be more fully y described elsewhere. 


—The electrification of 1 the Island Railroad within t 


connecting with Bay Ridge terminal of the Long 


ibe T he Bay I Ridge Improv ement of the Long Island Railroa ad from 
Fast. New Y ork to Bay Ridge. 


ards the: freight facilities in the Boroughs of 


lantic Avenue nt Brooklyn, im involving the 


q 5—) 


and the extensive im- 


veme nt ( 


of t station at Fl latbush Avenue, 
ugh of Queer 1d erossi 
Randall’s to ris, N. 


he Glendale Cut-Off of the land Railroad. 
—New piers and docks in Newtown Creek at its confluence with 


(0 ctrification of the United Railroads of New Jersey Division 
Newark to Jersey City. 


he parts. susti ained by these in the work of 
distribution are briefly a: as follows: 


The New Y ork Tunnel Extension is essentially a passenger line, 
although: the C ompany has not only the legal powers but. also the 


7 
— 
5 - | 
j 
| 
removal of th a 
4 


facilities for 


to from ‘the centrally located station at 


=* System at Sunny side Y ard, and, by m means of the ew w York Connect: 
ing Railr ‘oad, it will form, a link in the through traffic line, co: connecting 


whole Pennsylva ania System with the New Englan States. This | 


has been. designed for the safe and expeditious handling of a 
volume of traffic. The requirements: include handling the heaviest, 
through express trains south and west from the: main line as well as 


‘the frequent and lighter local-s “service e trains. For through service the 


: locomotives will take up the work of i steam pearson at ‘the inter- 

change yard * J., and, for exeursion and suburban 


being planned to give: vies greatest floxibi 


; meet the growing demand Vin the best w ay. 


The New York Connecting Railroad — important functions — both 


for freight and d passenger service, 


(12 miles long , and will form a part = 


og By n means. this Ti Tine it ‘te 

at Flatbush Avenue station on the through System 

for New England as well as the Western States. | Beata 

. The initial equipment of the Western Division of the Long Island 
Railroad for wees traction has been made in advance of the opening of | 

= tunnel line in order to take care of the requirements of the Atlantic 
improv ement. This improv ement involved the amination 


he railroad line which | was previously on on the surface of the : streets t to 


= subway and part elevated line from the Flatbush Avenue Terminal 


of grade er crossings within the City conversion of 
t 


to East New York Station, a a distance of 54 miles. One of the require: 


ments of this improvement the motive power should be 


changed to some form of p ne not i involving combustion. This” Jed 


to the adoption of. electricity, a and, in order to. meet operating necessi- 


ties, ‘involved the electrification of connecting - lines beyond the he improve- 


ment ‘proper, s so that local service could be handled to the end of the — 
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| 
; runs» without changing the motive power. The extent of the electrifi- 


cation “thus, required was found to be about 100 single le-track | miles. 


extensive electrification work was undertaken and completed in 


dager proper, and since that time has been i in successful opera- 


| 1905, upon the completion of the 


On the — the constru action of New York 


ditional ele ectrification on the Long — 


sland: Railroad were the wor ‘k 


extensive to couple up 


line es ce 


comprl ises 2S 
rei tof the of = of new 
grades in order do | away with grade crossings from 
terminal at Bay Ridge toa junction with the New York Connecting 


Railroad at East New York, a a distance of 10.4 ‘ilies: It also prov aa 


for re- ‘location aed line, and the of 


grade crossings will abolished. This improvement became 


necessary in order to provide for the rapid. extension of population into” 
the suburban districts and for the present and future re require ements of 
the section, to establish “municipal | conveniences and facilities, and 
to open additional streets across the right of way. To “accomplish 
‘these ends, the line has been built in cuts and on n embankments, there 


being x about 6. 4 miles of the former, 3.3 miles of the latter, and a 
tunnel, 3500 ft. . long, where the line crosses the: Ais donee 


‘improv 1 
The Atlantic “Avenue improvement, ad mentioned above, involved 


_ the removal of the 3 railroad tracks from the : street surface, for ¢ a distance 
of about 5 miles. “This as done by constructing a series of elevated 


‘and subway structures, there being about 2 | miles of the former, 2 A 
miles. of the latter, and 0.8 mile ¢ of approaches, ¢ eliminating more than 
——— grade crossings. In the light of. recent t developments, it may be of 
interest to note that one of the reasons for establishing a 
elevated ana ‘subway line was that, at the time the improvement w 
_ projected, no underground railroad in the country, of similar magi 
and carrying a heavy volume of local traffic, was operated by electricity, 
and publie sentiment was against the operation of the entire length a 


4 

— ] s now in progress on the : 

4 the tunnel extension with 

— 4 sland City terminus. a ) 4 
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the line underground by steam power. “This improvement also 


vided for depressing the entire Flatbush Avenue station and a a freight 


yard. As the work progressed, ‘the original plans for the’ station were Bae 


y vatly enlarged, the remodeled station | cove ering ; about 61 city lots. 


The m main point of pas passenger distribution is the New York ‘station. 


Other | important stations wi ill be Flatbush Avenue, Brooklyn; Jamaica, 
I ong Asland, w here the changes to and from electric motive power va 7 


be made; a and Newark, N. J. - Many | other places, including, the sea-_ 


side resorts on Long Island and in New Jersey, will feel the benefits 
of the direct tunnel railroad into and through New, York k City. ~The 
ndale- Cut- Off will materially shorten. the route and | running time 
from. New ‘York through the tunnels to ‘Rockaway Beach, 

a. he } plans « contemplate that passengers tc to and from the lower part 


Manhattan will be carried by the steam line between ‘Newark and 
Sers rsey City and cross the North River by ferry or the Cortlandt Street 
‘tunnels ‘of the Hudson Company. E ventually, the old “main line will 


= electrified and supersede the steam service ‘between Newark and 


= 1 is 


The Greenville arc 
mnsmission, and distribution of freight. 


the: most for the receipt, 


y large of the Pennsylvania Railroad Company’ floatag 


ance reduced in the e ase the New K nel ind freight 
about 12 to 3 miles. This traffic will be routed Bay Ridge + via 
Long Island Railroad to a connection with: and thenee over the 
New York ¢ ‘onnecting Railroad to the New Y ork, New Haven and 


fend Railroad at Port Morris, 

7 

As the facilities: for the handling of freight in 


} ating 
ards are to be improved so as to give a area 
ut 687 city lots. Of these new yards the Bay ‘Ridge e freight — 
te vminal, containing about 790 city lots, is the largest; its functions — 
‘There i isa freight terminal, at Now 


York 200 ft wide: anc 


im 
‘ 
q 
— 
ip 
 & 
yn and Queens had become insuificient for ta cing care of the 
prospective trafigaeleven new local delivery yards, having a combined 


YORK TUNNELS: 


lis ya yard is. dep and will rossi 
ducts carrying city streets. ‘The North Shore outed containing 


109 connected with the Montauk D 


ndicate br 


accon in the execution of this ¢ gen at still 


remains to be « done for its completion. ren 
The larger part of the electrification of the Long Island Railroad 
and the elimination of crossings within ‘the built up city limits, 
‘the Atlantic Avenue improvement, and the yard and piers at Greenville, 
have been completed. - The Ss Sunnyside | Yard and the Glendale Cut-Off 
will be completed during the next twelve months. | On the Tunnel and 
Terminal Railroad the embankment and bridge _—" across the Hacken- 
sack Meadows and all the tunnels and excavation from the west side 
of Bergen Hill to Long Island City, e except a short section near the 
eastern end of the line, have been con npleted. The,N ew York station and 
other buildings and om nnected therewith are well advanced. 
The laying of the track, the electrification of the line, and the installa- 


tion of the signaling and lighting ‘systems a are under way. Tt is 
that the line will ready for operation in ihe spring 


Report has been made » to eae Public Service Commission that a z 


large part of the right of way for the } yew Y ork Connecting Railroad 
has been obtained, ‘and more than $3 000 000 has been this 

railroad. ~The piers and docks at Newtown Creek and the « electrifica-_ 
tion of 7 line from Newark to Jersey City are not yet actively under 


ments contemplated i in 1 the general s scheme have been completed, ‘others 

are in progress, and ‘others have n not yet been commenced. It is | there- 
fore impossible at the present time to make a close estimate of the 

“total expenditure involved in the execution of the entire scheme. The 


following estimate of the cost of the Pennsylvania Railroad Company’s 


Qa 2 


whie nt of freight for the entire East New 
ey | 
“Cut-Off, whereby al 
, Cut- whereby all 
traffic to Jamaica bee kept out of the way of the Jamaica 
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Ne ew Yok Tunnel in- 


eluding Interchange Yards at 


J., and Sunnyside, L. L, P. T.& T. 


Island Railroad electrification, Bay 
Ridge Atlantic Avenue improve- 


New York Connecting Railroad, to be built 
jointly by the Pennsylvania R. R. Co. 
‘and the New York, | New Haven and 
Hartford R. R. Co., about. . 14000000 


?P ennsylvania Railroad improv vements i in the 
State of New Jersey, electrification of 
line from Jersey City to Park ‘Place, r 


Newark, Greenville : freight line » and ter- 
minal on New York Bay..... 


‘Total. 


CoRPORATE AND Fran CI 


As the | tunnel extension lies partly in the ‘State 0 of New Je a and 
par tly in the State of New York, it w was wmageed to charter two com 


road : panies, each covering the territory within” ‘State to which it 

this belonged. The New Jersey corporation was entitled ‘the Pennsylvania, 

fica- Now Jersey and New York. Railroad Company, and the: ‘New York 

nder_ corporation, the ‘Pennsylvania, New York a and Long Island Railroad 


¥ 


Company. These organizations were completed early i in 1 1902. Subse- 
— 


quently, after the tunnels had been joined under the North River, the 
companies on Tu une 26th, 1907, ar and thereby formed 


Mr. ‘Cassatt, 


Island Railroad 


chise to extend the lines of the Pennsylvania Railroad by tunnels 


under the North River to a passeng 


ate 
improvements in t. dis based 
d 
7 
ly 
— 
wall 
4 
side a ott 
$159 000 0000 
— 
* 
rove: 
rove: 
thers Terminal Railroad Company, a corporation of both States. 
CE 
the Pennsylvania, New York and Long 
The 
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Y¥ ork City and thence under ‘the East River to a eT with the 


Long sland Railroad, on | May bth, 1902, 
franchise for that part of f the tunnel line which is within 
the State of New York, that is, from ‘the boundary line between New 


Y or k an 


at Sunnyside Youd, Is tained in certificate 


ont 

ly the Board of Rapid Transit Railroad Commissioners 0 

The ‘essential features of the frar 


Rapid it Railroad of ‘he City of New 3 York, 


inst. grant by y the ¢ city in perpetuity ty of rights, subj 


et, however, 

to a periodic re re -adjustment, of payments at intervals. of twenty-five. 
years, as follows: 


© (@) To construct and operate a railroad o of two tracks from the 
boundary between New Y ‘ork and New Jersey: under 
Hudson River opposite, the w westerly foot of Thirty- first Street, 
Borough of Manhattan, thence ‘running under the Hudson 
7 River and Thirty- first Street to the E ast River and under 
the East River to a terminus in Queens Borough. The Cc ome 


_ any is permitted ‘on notice within ten years coy give up up the 
right to these two tracks. Aut 


A lhe viet for a rs of beginning g near the 
game point under the Hudson River, thence running under 

Thirty- second Street to the East Rives, under that river 

3 to the terminus in Queens Borough, with a right for iwo 
additional tracks” Street, west of Ninth 


Avenue, and one additional 1 track betw veen Sev onthe aon Fifth 
Avenues i in Manhattan. 


A like right for a railroad of two tracks beginning at the 


station ‘terminal site at Thirty- third Bek ond Seventh 
nue and thence running under Thirty-third Street and the | 

East ‘River to the terminal in Queens Borough, with a right 

‘one additional track on ‘Thirty-third Street, 

Seventh and Fifth Avenues. 
d) A right to maintain station occupying the four 

blocks bounded by Thirty -first Street, Seventh Av enue, Thiriy- 7 


between 
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— arized sub-— 
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:E ighth and Ninth Avenues, the Company having itself ac 


the included in four blocks and lots on 


YOR K ‘TUNN ELS: PEN N SYLV. ANIA RAILRO/ AD 


between the side of Avenue and 


soon as the Avenue and right ‘te authorities to 


pany is obliged to buy such two portions of Thirty-second 
Street, which will then become completely dedicated to the 
eee of their station. | (T hese portions of Thirty- -second © 
‘Street were subsequently purchased by the Railroad 
pany.) | 
To have along such the 
operation of passenger and freight trains, including telegraph — 
wires and the vi arious | wires and cables for the of 


power » heat, and Tight. 


Second.—The requirement of the consent of the the Board 
: ie of Aldermen, the Board of Estimate and Apportionment, and the other | 
ireet, . authorities of the city having control of the streets. 7 


| hird.— The obligatio on the Pennsylvania “Company ‘to begin 
construction within three months after obtaining the necessary con- | 
AS sents and complete the railroad within five years after construction — 
" de shall begin, except the route under Thirty-fi first Street, for the com- 
a pletion of which the company is allowed ten years after the completion 
of the remainder of the railroad. 
miler Fourth. —Payments by the Pennsylvania Company first 
ees twe nty-five years, as follows: A rental of $200 | per annum f for the e right — 
two to « occupy land under the Hudson and East Rivers outside of pier lines. 
Ninth: A rental for Lew lines and : for of 
Fifth 
it the 
| 
right 


twee 


q 


mider— 


Street) at $14 000 per annum for the first ten at 


the conveyance shall be put beyond doubt the Railroad Com- -"- 


ide per annum for the next fifteen years 


-thir 


tween 


the portions ¢ of T Thirty- second Street, between Seventh and 


the 
hin 
iy 
lo 
— 
| 
7 
“HVE 
- 
— 
— 
E 
“4 A 
iat 
— 
5 \suen portions extending almost up to the surface, except unaer 
— 
a 
4 
= 
| 


- the « city is to sell and the Railroad na is required to buy wh 
5 portions for the sum of $788 600. The rentals for river ¢ and nd track rights. 
7 Bey at the « date e of operation. For the underground s] spaces under 
Thirty-first and Thirty-third Streets, used for station extension, the 
rentals begin at the | commencement of — or when the com- 


e su mmar ized as follows: 


For tunnel rights in Manhattan Borough, being 44 341 ft. (partly 
estimated) of single track 

_ For tunnel rights in Queens Borough, being 8 100 ft. (partly esti- 
mated) of single track 


For street rights on Thirty-first and Thirty-third Streets, north 
and south ot terminal 000,00 
In all, annum,... $38 395. 00 -$76.591.00 


if the 1 route under Thirty- first | Street be availed of, these amounts 
will be increased by $16 652.50 for the first ten 5 years, and by $33: 305° 
for the next xt fifteen years. 
The amounts’ to be paid are to be readjusted at the end of twenty- 
five years; and thereafter | at intervals: of twenty-fir -five years. If the city 
and the Railroad Company shall not agree upon the rates, 
they are to be determined by the Supreme Court of this State, 
~Pifth— —The railroad be entirely in tunnel except where it 


Queens Borough. The | “uppermost part of the is to be 
least nineteen | feet below the surface of the street ; but this limitation . 
ot apply to the portions of Thirty- first and Thirty- third Strects 
opposite the terminal station between Seventh and Ninth Avenues, 
7 where the Company 1 may occupy the underground portions of the street. 
under the roadway to within thirty inches of the surface, and und er 
“the sidewalks on ‘Thirty-first and Thirty- third Streets opposite to the 
Station to feet of the the company to properly « are 
sewers, water, gas and other ‘pipes and underground structures: 
ully i in the street. 


is Sixth. ~The company to make good all damage done to property of 
the city by its construction work or operations, and to abutting owners 
all damage done through any fault or negligence of the company, or 
any contractor or sub- contractor engaged upon its’ work of construc- 
operation. The Tunnel to keep -Thirty- first and 


paved with smoth paver 
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th.—Tunnel excavations to be done without disturbing ‘the: 4? 
sur the street, except in the portions of Thirty- first and 
third Streets, and Seventh, Eighth and Ninth Avenues i in | front of —_ 
tery ‘minal station, and except in Queens Borough, with the power to » the = 
Rapid ‘Transit Board, wherever conditions elsewhere make surface 
excavation necessary for efficient construction, to grant the e right for . 
such | eavation, subject to conditions to be then prescribed by the 
Board. _ The tracks are to be constructed of the most approved plan 
ee as to avoid noise or tremor. All plans for, and the method of doing, 
the work are made subje et tot the approval of the Rapid Transit Board. — 
Kighth—The » ‘motive ‘power to be electricity, or such other power 
not involving combustion as may | be approved by the Board. # .§$.t| 
 Ninth—The company have no power carry local 
allie, exeept with the of the Board and for additional con- 
sideration to be | paid the city. ‘Traffic is defined as local which begins 7 
and ends in the city within “five miles of the terminal station on _ 


Tenth—The railroad to be diligently and skillfully operated, 


due regard to the convenience of the traveling public. ~~ ar... 


Eleventh.— —The city, to a lien upon the and real 


property of the company to secure the payment of rental. 
velfth.—The rights | of the city to be. enforceable: by act action 
specific performance, or “mandamus, ‘or otherwise. 
Thirteenth .—The company not to oppose the construction of 
rapid | transit railroad along or across the same routes. which do not 
actually interfere with the authorized structures of the company, = 


-Fourteenth—tThe city to have an ample right of inspection of the 


a wey and to enter upon it for examin ation, | super rvision, or care of. 


city property, or for other purposes. = | ache 


Fifteenth.— -The | company to be bound to maintain and strengthen 
all parts of its railw ays under streets or avenues so that the same shall 
support safely any structures superimposed or which 3 may hereafter be 
superimposed thereon by the city or under public authority. 
 Sixteenth.—The company to have the right to -eorivey or 
the franchise, but every grantee, whether directly or under a mortgage, 
to assume the obligations already ‘assumed by the Railroad Company > 


and the Railroad relieved of such obli obligations s by 


‘This franchise was passed by Board on Decemb 
16th a and by the nber 23d, 19¢ 


into by ‘the City of New You, ‘the hie 


a the Lor 


[sland Railroad Company “covering the construction of the Sunnyside > 


ard, which - forms ‘the eastern terminus of the he line. 
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pur: pursuance of this” agreement, the map or pl an of the of 


‘New Y ork was changed by “discontinuing or closing portions s of fifty. 
a streets or avenues, and by changing the grades of sixteen streets or 
avenues, im the Borough of. Queens, and the portions of streets and: 
‘avenues thus discontinued ‘and closed, most of which were ‘not opened 
for pub lic 1 use, were > sold to ‘the Railroad Companies. The agreement, 
however, reserved to the. City permanent and underground 
penny and easements to maintain in a ret asonable MAREN, not incon- 
‘the operation of the railroad 


discontinued portions streets and | avenues, 


, not inconsistent with the construetion anc 


or drains in, under, or through ‘the lands as may be here after teed 

by the City, together with ‘the right - to enter upon the me, from 

time: to tie may be be necessary for the purpose of inspecting, 


ing, “constructing, or rebuilding the surface structures. 


The “agreement required the Companies te construct at their ex- 


pense, four viaduets or bridges. nn er their tracks wail terminal develop- ; 

‘ment, three with roadways 42 ft. wide, one with a roadw ay | 60 ft. wide, 

a and each to have two sidewalks ilks 10° ft. wide, ‘the walk to 4 the 


we 
paving o of the roadwa . and sidewalks. 


ompanies are. further to pay one 


ents, piers, super 


ss not more than 60 ft. wide and two sidewalks each 


nd to grant the City “of New York a a perpetual abhi 


for the continuance of the same in the location 1 upon which it shall be 


The agreement ‘further provides that the Companies shall 1 not injure 
the sewers or other substructures 1 now existing or hereafter construe tod 


under the streets and avenues, and, i i of injury, that they + shall 


repair | the em or the cost thereof ; that the viaduets ‘shall be 


pleted within the shortest time consiste nt with thei ir safe and proper 


; construetion, and that during their. construction temporary streets shall 


be provided for the aceommodation of traffic. — » 
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The Companies are required to. 
grade in the streets and avenues, ¢ except those made n neck 


construction of the viaduet or bridge to be paid pee ~ he 


‘ity to indemnify the City against all liability for any and all dam- 


or grades of may be in pursuance of the agreement; 


to assume all liabilities | s by reason of the construction or T operation ation of 


the railroads, or the construction of the viaduets, and to si save ye the vet 
nle ess from any y liability whatever, to ‘either r persons or ‘property, by 


of the or operation the railroads or the construe: 


The Companies are are also required to indemnify the City against and 1 


pay the cost of all alte rations which n may | be required to the sewe rage or _ 

drainage system or to. any ‘sub- surface structures and pipes: laid in the 

streets or avenues on account of the construction and operation of the: 


nt operation of the terminal ‘passenger yard or 


fre ee yard, to their expense, any pipes or other sub- -sur face 
struetures now under the surface of any | of the portions of the streets 


avenues” discontinued or closed, or ‘to elev rate and « carry the | same 


any of the viaducts or bridges, the r plans of such depression or or 
elevation to be approved by the Board of E stimate >and Apportionment. : 
AM works within, upon, or over the public streets and avenues are 
subject to the supervision and inspection of the proper municipal officer - 7 
or officers, under such regulations as he or they may determine and be od 
authorized by 1 law t to ) impose; and the plans fo for the construction of 


inducts or bridges are to be approved by the Boaré of Estimate 


are » required calle to the City of New | 


perpetual easements: for't the right to continue and mainte 1in the vi jaduets 


or. "bridges over the streets and avenues, , sufficient for their control by 


the ity for the police regulation and other control con- 


Papers.) | 
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fC reserving, however, the right to construct and maintain, at their own © ia 
“expense, ‘such connections between the viaducts or bridges and theit a aa 
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= as ‘shall not interfere with the use of the =n or bridges 


re also. required to ¢ de to the City, | 


A 


“curb, portions of five existing or _ streets or avenues, an 


"pave portions of two other avenues. 


‘Tunnel Extension until ‘Me 
Pennsylvania Railroad 


now President of P ennsylvania | 


= 


and Terminal Railroad ‘Company 


Samuel | Rea, , Second Vi ice- P President of the I Pennsylvania 


oad Co ompany, has as Vi since th "incorporation 
of the enter; prise. 
P 
ae Mr. A A 


1 190" and prior thereto ‘the in incorporation of the ty tunnel 


enterprise s served as Secretary of the Pe Pennsylvé ania, ‘New Jersey | and 
New York Railroad “Company and Assistant “Seeretary of the 


ennsy vania, New York: and Long Island ‘Railroad Company, which, 


as heretofore ated, constitute the Pennsylvania Tunn el and 


= 


ver = 


OrGANIZAT ION. 


Rea, ‘Vice- President, has general charge of of all matters involved 


n the designing and execution of the project. 
The Board of Engineers.— —Befor the beg of the e work, th the 
Management “appointed zB d Engineers which nich was instructed 
_ to examine int the New Y ork Tunnel Extension project; to pass upon 
ty of the underta! cit king; ‘to determine upon the best plans: 
reful ‘estimate of its cost; and, if the 
was rtak reise general supervision ove 
Bh President Cass satt's letter Yr appointing the Board cont ns the follow- 


ing f further ins 


You are to information tant may 


| 
ttt 
2 
Companies ¢ prade and 
a j Mr. A. J. Cassatt, President of the Pennsylvania Railroad Coni- _ 7 
nanv. was President of the CGamnaniec eonctitutine 1e New York 
te 906, and Mr. 
> tod bis successor and 
2 
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— 
>= nal allroad COmpany, 
— 
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ee: . 80, for T am sure it is not necessary for me to say that, in view of the 
magnitude and great cost of the proposed construction, and of the 


~ 


YORK TUN} TUNNELS: PENNSYI LVANIA 


to consider, to the and details of 


yy its members or referred to by the Management. 

reported. its s conclusions to to the Vice- resident for before 
+ 


the work was undertaken, 


‘the whole per peri of its labor, that the Tunnel xtension facilities 


were to be desi med and ‘constructed without reg sardin cost as a 

"governing factor, ‘the ‘main considerations being safety, durability, 

proper accommodation of “the ‘traffic, expenditure tending 

insure conditions was to be avoided. 


George Gil appoit member o if the ‘Board on | April 
“oth, 1902. Mr. Lindenthal resigned on 15th, 190: and Mr. 


"Brown resigned on Mare Mr. Rea and all the of 
‘the Board are membe ers of the American § ci iety of Civil En 


and Mr. Noble i is a Pa ast-President of the So 


‘William R. Me: fead, of ‘the firm of Me 


Architec ets. for the Term inal Station we uae: with the Board 


cons nsiderat ation of ects. 
y of the Co ompany, was also Secretary _ 
gnation on January 31st, 1907. 
ret from April 15th, 1907, 
‘8B. Johannesson, Assoc. Am. Soe. C. ped was Assistant 
to the Chairman from December 1st, 1905, 0 April 0th, 1909. 


4 Division | of the Wo ork.—F or the actual construction, the 


line int four parts: the Meadows Division, the North 


- 
novel engineerin questions involved, your studies shou orough 
and exhausti ised upon absolute knowledge of the 
ihe boar » January 11th, 1902, when it held — 
its first session, anid con Pd in th 2 rmié j j 
April 30th, 1909, when it was dissolved, its work having been completed. ea Bs 
The Board held regular and special ions i TO ee "alk — 
a — 
4 
Gustav Lindenthal, Charles M. Jacobs, Alfred No 
— 
ciety. 
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we 


River Division, the Terminal the East I 


chief ‘engineer appoint ed. Man: 


truc ction n of each Division. i. The chief engineers seaiiea fu 


> working pinay and in the genera 


ement t of dhe of construction on their Divi- 
ace Ww ith the plans for such work approved by the 


ie 


ngineers the Management. 


_ Architects were “nee to design the Terminal Station building — 


_ and superintend its erection; and structural engineers to design a nd | 
erect steel structures and facilities, an and d carry ‘on the work under the 


| direction of a Chief Engineer of the Company. 


Committees, consisting principally officers of the P ennsylvania 
Company, co- “operating with the regular ¢ engineer ing org ganiza- 
tion, were e appointed to > consider t the operating features of the project, 
that the e experience of the Pe snnsylvania tailroad Company’s 


might be v utilized i in the work. 


‘Des SCRIPTION OF THE LINE. 


~The following summary description of the various divisions of the 
lin ine As i 1@ is intended to give a comprehensive idea of the gene ral features 

the project. ; Full details will be given in succe ceding papers. The 

[. 

Division. —Chief_ until March Ast, 1906, Mr. 


W H. Brown, Chief Engineer, Pennsylvania | Railro nes xe Jompany, 


ve 


from active se TV ice w ith the a latter Company; 3 since 


1906, Mr. Alexander ( Cc. Shand, Chie hief "Engineer, 


This Division consists of an “interchange yard” 

Newark, N. J., adjoining the tracks of the present Ne Ww 

of the: e Pennsylv ania. Railroad, and a doub le- track ra Seek acro: 
-Hackenss ack Meadows to the west side of Ber rgen Tht, a 


6.04 miles. ‘The construction is embankment and bridge work, includ- 


ing bridges across the | Pennsylvania, Erie, and | Lack: awanna Railroads. 


the Hackensack River. 
N orth River Division— _Chief Engineer, Mr. ‘Charles M. Jacobs. 


This Division commences at ; the west side of Bergen Till and 
passes through t the hill i in 1 two single- track rock tunnels to a ‘a large — 
manent shaft at. Weehawken, near the west shore of the North River, 
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a distance of 224 ft. to the shield 
Tt then passes under the river through cast- ‘iron, 


crete- lined, ‘track tunnels, with outside diameters of 23 ft, » to 


a ‘point nee 32 rd Street, near Eleventh Avenue, in New York Gity, 


and thence throug I agle- track tunnels of varying cross- -section, 
partly constr uct cut-and-cover, the east side of Tenth Avenue. 
lt ney passes into ac Station Yard and terminates at the east building» 
line of Ninth Avenue. The wo work included the Station Yard excavation | 
and walls from ‘Tenth Avem enue to Ninth Ave enue, and the retainin 
walls a and temporary underpinning of Ninth Avenue. ‘The ae 
length of the line in- this Division is 2.76 miles. Baa 

York Station mn and Approaches.— Mr. George Gibbs, Chief En- 


292 ft. and 502 ft. ‘east, of the line of Seventh This: 


‘Division included the | construction subways and “bridges: for the 


support of 31st. and 3 3: 3d Streets and Seventh, | E ighth, and Ninth Ave-_ 

nues, the Ste ition. building between Seventh and fighth Avenues, the 


foundations for the ‘post office tol be erected west of Eighth Avenue, the 
service power- ‘house in Bist Street, between Seventh and Eighth Ave- 
nues, the power- -house i in Long Island City, the. traction system, t tracks, 
signals, and miscellaneous facilities $ required i in the physical construe- 
tion of the entire terminal railroad ad r ready | for for operation. Messrs. 
McKim, Mead » and White Thite were the 2 are chitects fo for ‘the Station and 
ron 


Messrs. Westinghouse, Chureh, Kerr and Cc ‘ompany ny executed d the struc- 


st station of steel skeleton construction masonry curtain 


walls 4 all suppor wil we a system of columns extending to a rock founda- 


tion. This building « covers two city Made and « one intersecting street, 


‘and has a an area of pr 8 acres. | It is 774 ft. — ft. wide, with 
t 


an aver rage height above the street of 69 ft, and a maximum of 153 ft. 


12 

The m: main waiting-room is 277 ft. 


The Concourse is 340 ft. long and 210 ft. wide. 
The level of | the track sy: system below surface va varies 


39 to 58 ft., and is from 7 to. 10 ft. below mean high water in the 


harbor, thereby necessitating: the establishment of an elaborate system 


ng, 103 ft. wide and 150 ft. high. 
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te, accelerate tue loading and unloading of the trains, high plat- 
forms will be constructed im the station on a level with the floors of 
the cars, in order to avoid the use of car steps and increase the traflic | 
capacity of the station. 
‘There will b be 21 standing-tracks at the station, and 11 ‘passenger 


7 _ platforms, prov iding 21 1500 ft. of platform adjacent: to passenger trains. 


» W ibich from Tenth Avenue to 


bea a total of al about 16 5 miles of tra ai 


ated in an building south of the station, 

_ The Power-House to supply the electrical energy for the oper ration 
of the tunnel line and the Long Island Railroad is situated on property 
~ in Queens Borough adjoining the present Long Island Railroad Station — 
near the East River, and was constructed under the Chief Engineer 
of Electric Traction and Station Construction. As at present designed, 


the dimensions of the structure are 200 ft. | by | 262 ft., outside Measure: 


ment. It can accommodate six generating units of 5500. kw., the 


standard adopted for future work, and two of 2 500 kw. for 


the tunnels, The ultimate capacity of this station when extended will 
be about 105 000 kw. 


River Divisione Bogner, Me Alfred Nobles 


at's a point it in 32d t, 292 ft. east of the west line Avenue, 
and ata point in 33d Street, 5 502 “ft. east of the west line of Seventh. 


rk and re ti lining walls for 


Avenue, and also includes the ) excav ation we 


station site and yard, to ‘the track level, westward to ‘Ninth Ay enue. 
‘Tt extends eastward from the s station under 32d and 33d Streets through 
tunnels partly t three- track and partly | so- \-called twin tunnels to Second 
borne the line curves to the left under private property to. 


‘permanent shafts a few feet east of First Avenue. Four single- track, 

-iron, -concrete- lined tunnels, with | outside diameters of 23 ft., pass 

“under the East River, and, after passing through permanent shafts 

near the bulkhead | line, ‘reach the surface in Long Island City from 

3000 to 4 200 ft. east of “the ‘East, Riv er. ‘The tunnel ‘Portals are in| 
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| Sunnyside Yard, which extends to Woodside, the easterly end of the — 


"Division, and the Yard grading with its buildings and a of 


City” viaduets ¢ crossing it were executed under this Division. 


total length of the Division i is 4, 48 miles. 


The total | length of the entire line is 18. 66 miles. ‘There are are 6. 73 | 


niles of single: track and av of the tun-— 


Details hav omitted - from the description, as they 


tres ated better and more fully be the constructing engineers i 


are, h ywever, some general considerations 


involved i in 1 the ne designing of the work, which may, perhaps, be referred 
to more ‘conveniently this introductory paper, and these willl ‘now 


In all parts of work problems were encountered requiring for 
their solution and much e engineering but many 


these difficulties” had been frequently met in previous engineering: 
“experience, a and the 1 ‘methods of overcoming them were w ell understood. 
Thus, in the Meadows Division, a long and heavy embankment, part 
which was on on submerged meadow and many bridge founda- 
tions had to be constructed; ; in the Bergen Hill ‘tunnels, very tough 
trap rock wa Ww as ‘encountered; i in the tunnels under the city, the work was 
much complicated and its ¢ cost increased greatly by the necessity y of 
earing for sewers, water onl gas | pipes, and the foundations of adjacent — 
_ ‘buildings; es; : ‘and ma ‘many y troublesome problems we were met in the construction — 


of the tunnels ‘connecting x the East River tunnels with the Sunnyside 
Yard. 
i novel features of the project, however, were — great tunnels — 


extending the line under the North and Kast Rivers. Tunnels of the 7 


| kind contemplated, to be used for heavy and rapid railroad traffic, Jhad 
= 
never been constructed through ‘materials similar to those forming the 
bade of ‘the North and East Rivers. rs. Questions a: arising in connection 
with the design and method of construction 1 of the tunnels will be 
considered later. ‘Here they are referred to only in their relation 
Dp: the location and grades of the line, in which connection the conditions 


4 controlling their establishment v were > the n most ‘important elements. eee ry 


Location and Grades. —It was | desirable to make the tunnels between 


— 
| 
— 
— 
|Z 


ON 


“necessary to place them at sufficient depth below the dredging plane 


oof the War Department (which in the North and Sos Rivers is 3 40 
: and 26 ft. below ow mean, low water, respectively) to ins insure re them against 
"possible injury from heavy anchors or sunken vessels. ‘Furthermore, 
they had to pass under ‘the piers and bulkheads of Manhatta in ata 
‘depth sufficient to 1 make it certain: that they would not affect the | 


stability of those structures, Another ¢ consideration influencing the 


“establishment: of the depth of the tunnels below 1 the bottoms of the 
rivers became important as soon as the method - construction 1 by 


shields with compressed air was adopted, namely, the the necessity 
providing sufficient cover to guard, as far as possible, 
outs during construction. 
“i The angie under the city, connecting the sub-river tunnels with 
the Terminal - Station were located so as to give as favorable grades 
as possible. The provision of the franchise ‘requiring ‘the — of the 
imnels to be a t 


on theit as s other conditions required them at a “greater 


depth, 


he East River ‘tunnels, grades were established 


as to. rise as uni Yard. 


‘The general features of the Tine, as constructed, 


The maximum grade west of the Station occurs on the: 


New t- side of the North River, s and is 2% in the west-bound and 
1.93% in the east-bound tunnels. The ruling grades. the ascending. 
traffic) being 32% in the west- and 1 93% in the east- bound 


tunnels. In the tunnels east: of the Terminal Station the ruling grade 


is 1.5% for both east-bound and west- bound traffic. There is, however, 
descending with the traffic, a a short section on a grade of per ‘cent. 
These grades would be objectionable with steam locomotives under a 7 
heavy traffic, but the development of the clectric locomotive has ren-_ 
dered possible the operation of grades which would herve formerly been 
M3 ‘considered prohibitive. 
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From the junction with the Pennsylvania Railroad, near Harrison 


N. to Woodside, Island, a distance | of 13. 66 miles, ‘there i is 


average curves per mile; 
degrees. The ‘he maximum is 2 52 2 degrees. 
Method of Construction of Sub- River ‘Tunnels-—The charac 


the material through which the tunnels were constructed r 


he bed of the the le 


—inaterials, such as quicksand, sand, boulders, gravel, clay, and bed- -rock. 
When the > method of construction had to be decided there were no Ve 
thorous ghly satisfactory precedents to follow i in the | ease al either riv er, 
although: Gas Tunnel under the East Riv ver, the partly constructed 
Ttudson Tunnels under the North River, the St. Clair Tunnel under 
the St. Clair River, the Blackwall and several other tunnels under the — 
‘Thames River at London, supplied much useful information. The 


tunnels for a lighter tr; affic, since so successfully constructed 


under the North and East Rivers, had not then been completed. Under — 
these cireumstan ces, it was” the desire of the Management that 
‘Board should receive and of construction 
from all ava ailable so sources; 3; and ang the first year of its labors much 
of its time was was devoted to the examination and discussion af projects. 
submitted its consideration by engineers and practical builders, 
of these projects | having decided merit, Most of the methods 

proposed involved temporary structures, or the use of floating plant, 
in n the 1 navige rable channels of e river. This was objectionable in view 


of the resulting obstruction to the enormous river - traffic. After full 
consideration 1 of the subject, it v was decided to » adopt the shield method 


ith co compr ressed air for the construction of the tunnels under both 
ie rivers , this s being the only method recommended by the Chief Engineers, 7 


and having the great advantage o of conducting all operations below 
the bottom of the river, thus avoiding obstruction of the channel. 
Experienee has shown, as was anticipated, that: it is much 
diffic ult to construct tunnels ‘in such ‘material as occurs in the East 


We 


4 Rie er and on on the New Jersey side o of 1 the North River, t than in more 
~ homogeneous material such a as is found in the greater part of the 
North River. During the progress of construction ‘under the East 
River, there were 2» frequent blow- outs through fissures opened in the 


an 
Cally Il the two Pivers. 
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river- “bed, and th 


blanketed vite with clay, to check the flow - the escaping a air. 


Ie of the seri diffie ities which was thoug rht mi be 
_ In view of the serious difficulties which it was thought might be 


i encountered i in ‘the application of the shield ‘method to the East — 


= work, other methods for the execution of this part of the — 
received special consideration, one of the methods considered being | the 
“freezing process. It was: proposed | to drive a small pilot tunnel nd 


freeze the ‘ground for a - sufficient ‘distance around it by circulating 


brine through system of of pipes estab lished in the tunnel. ‘The pilot 


tunnel was then to ‘be removed : and the full-s sized tunnel was to _ 


—— in the pit material and ‘its lining placed i in position. 


~ contained too many elements of uncertainty to justify its adoption; but 


=o Management co nsidered it desirable to have, if possible, an 


mative method, an extended experiment ' was made with the freezing 


‘proce ess. A pilot tunnel, 7 ft. 6 in. in death, was driven in the bed 
of the East River for a distance of 160 ft., ‘circulating ‘pipes were 


air in of greatly v varying ch ‘character. This: method 
Brie it, and brine at a very low temperature was passed © 
: through the pipes until the ground was rune for a distance of about 
5 the tunnel. Observations to determine the rate — 
mportant points connected with the process were care fully 
made. "When it was found that the construction of the tunnels was 
progressing satisfactorily by the shield ‘method, and that so much time 


Design of the 8 
Design of ail 


a circular cast-iron shel, of the segmental, bolted type, an out- 


side diameter of 23 ft., , lined with conerete having g a normal. thickness 
of 2 ft. from the outside of the shell. | Through | each plate of the shell 


there is a small hole, closed with a screw plug, through which | “grout 


may be forced | into the | surrounding material. Each tunnel, contains 


a single track. _ A concrete bench, the | upper surface of which i is 1 ft. 


oo ‘below. the axis of the tunnel, i is | placed « on each 8 side of the track, the 
distance: between benches being 11 ft. 8 in T ‘These benches contain 

duets: for r carrying el electric cables. ‘The main reason for adopting single- 

track: tunnels. instead of a larger tunnel containing two tracks was to 
a 
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avoid: the danger of accidents | due to the | ‘obstruction of both tracks: 
by derailment or otherwise, The tunnels are made 


tion, but, in to aasure ventilation under unusual con-- 


ditions, | such as the stoppage of trains in the tunnels, a a complete 


ventilating plant will be provided for each tunnel. _ The rapidity and 
safe ety of constri uction were > increased the tu 


be cing the difference i in hydrostatic pressure between pe top and 


_ tom of the shield, which increases with the diameter of the tunnel. 7 
he ‘concrete Tining was introduced to insure the pc permane mey 0 of 
‘ ruc ture, strengthen it ; from outward pressure and guard it against 7 

jury from accidents which “might occur in ‘the tunnel. The side 
conerete benehes were suggested by Mr. Cassatt, President, to confine | 

‘the: trains to the center of the tunnels, in case of derailment, and to 


+ furnish | - sidewalks on each side of the trains so as to obviate the neces- 


sity of walking on track 


Refuge miches are in the side benches of ‘the tunne 


handling ‘of the. electric cables and ainage, are 
intervals. 
val, 


At points where unusual stresses were anticipated, | as for instan 


where the tunnels ‘pass rock to soft ground, the shell was 
posed of 


the conerete lining i in nvert, and was reinforeed 

longitudinal steel bars, but these were not introduced i in the East Riv -. 


‘ 


det wih the ‘structures, including the 


| lability of f the Sul River Tunnels.— 


‘connected with the design of these was: 


st: under the Jong- continued action of a heavy an 


ALY. 
4 
that with such an arrangement thorough ventilation would-be secured 
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T rapid railroad 
n Urame. tunnels are fighter than the materlais which they displace 
when the weight of the heavy live load is included. the East a 
Oo River the character of the material seemed to justify the conclusion = 7 
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t the tunnels w ‘ould not _ displaced ¢ even ‘under the action of the 


7 ie ie load. In the North River, however, the tunnels are enveloped by 


a soft silt and it was at first t apprehended that some system of supports : 


would be advisable to carry the | heavy traffic and insure the tunne ls 


"against displacement under its action. ein meet this contingency which 


_ was ‘then believed ‘to be a very serious one, i , it was proposed to o sink ¢ ast- 


& 


iron screw- -piles through the bottom of each tunnel into and 1 through 


— silt until satisfactory, material _was reached. 


the contract for the ‘construction these ‘tunnels, with provision, 
oi however, for omitting them should it be. determined subsequently a 
their use was U1 undesirable. |The contract t plans contained provisions for 
‘sliding joints where the e piles pass through | the tunnel floor, so that t the 
load might be be directly to. the pile. by a system o 


girders, and also for attach the piles to the ty 


gested the possibility that the use be 

able. 3 This view was confirmed by actual experience in the operation 
of the tunnels of the Hudson Companies between Hoboken, N. J. , and 
- Morton Street, Manhattan, which were opened to traffic. in n February, 
1908. The e stability of these tunnels under traffic gave further assur- 
ance that at supports 3 were unnecessary un under the North River tunnels of 
, the Pennsylvania Railroad Company, : and they we were therefore re dispensed 


Cross- Passages Between the Tunnels.—The Bergen tunnels, 
4 


the land portions of the North River tunnels” and the tunnels” under 


Manhattan ‘are connected by cross-passages at intervals varying from 


—5O to 300 ft. As it 1 w ras the desire of the Management to provide every 


_ arrangement possible to insure the safety of its passengers and em- — 
-ployees and also to provide. for. the « conve mience of inspection, the ques- 
tion of establishing cross- passages b between the 1 tunnels under the rivers 
given’ most careful consideration. The: conclusion finally 
reached that such passages as it was possible to construct between these 
tunnels might increase instead of ‘diminish the danger in case of 
accident. No more cross- passages have therefore been constructed in 
the sub-1 -river sections, except in the East River, where there 1S a 
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pass age and pump chamber combined between of ‘tunnels 
about 750 0 ft. from ee Manhattan . bulkhead line. 
ReEsuLTS OF THE IMPROVEMENTS. 
In preceding pages reference has been made to the objects 4 


of ‘the improven ements included i in the project of the P ennsylvania | Rail- aa +e 
roi ad Company y for the Ne ew York District. | While i it is s impossible, i in 


this intr roductory to o analyze fully the transportation problem at. 

ndicate briefly some of the more 
effects: which the improvements | may be expected to produce 


upon the distribution and handling of traffic. 


New York City owes its position as is the business metropolis 0 of ‘the © 
country mainly to its magnificent harbor and the e extensive waterfronts Noe 


on its deep, wide rivers, which furnish unrivaled facilities, at at a short .- 4 


its 5 Sei commerce being about half the 2 total for the whole country. 


y ‘The water- transportation fi facilities of f the port a and its tributaries, , there- 
fore, have always b been guarded with jealous care, not on only by — 
commereial interests but also by the General al Government. 
During recent years, s, however, the e population o! of the metropolitan 


district has enormously that New York i is the greatest 


and freight traffic, center ‘in the country; and in 
among ‘American cities. The “new com- 


created are of at least ‘equal importance with 


"those of the water-borne commerce, although their existence and 


wast 


argely the result of the water facilities of the port. 


The local passenger and freight traffic of the ‘Pennsylvania and | of “on 
railroads reaching the west shore of the North River i is 


car-floats and ferry-boats. which loads" at piers on the 


Manhattan waterfront elsewhere in the “harbor. These’ 


a and endanger the free navigation of the dennlion and | occupy 

space along the _ waterfront greatly y needed for the accommodation of the | 

long- distance water-borne e commerce, ‘especially or on the North River. 1 - 
In the East River the importance ferry-boats as a means 


traffic. distribution has already been greatly reduced by the construction 


of bridges and tunnels which pr provide for the greater | part. of the passen- se 


ger and | vehicular traffic, fe. The North River, however, by: reason of its 
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“within the limits of _commereial. convenience, se 


“practically prohibitory. Tunnels, for the transportation of pass 
and the diversion of the freight traffic inner waters of 
harbor, are ontly the only availabl 
aaa or, are apparent ly t le on y available me: 
— When the new new line is in operation, a very large part of the New 


York 1 Passenger traffic: of 1 the 


“Thus a of P Penneylvante pe ferry traffic, which: 
to 1 more than 91 passengers daily, will practically 
eliminated from the water- transportation problem. In a large 


= of the Long Island Railroad’s 8. passengers will use the station 


- Seventh Avenue § and 33d Street, and its ferry traffic will be reduced 

The new arrangements for the transfer of freight from Greenville 
=. to Bay ] Ridge will relieve the inner waters of the harbor of a large 
volume of obstructive ear-float traffic. There app appears to be no reason 


why this | traffic should not be eventually conducted 


the enormous cost of such s structures. 


It eee remarked that. while these n new art rrangements greatly 
reduce the passenger and freight: transportation, they have no 
effect on the large vehicular across the North River which ‘must 
continue to be conducted by ferries. a" it ean be otherwise provide a 
or, As long ¢ as these conditions exist, ferry: boats must be used in 
“ange numbers: and continue to obstruct the North River. T his diffi-. 
culty y probably sannot be overcome by the construction of bridges, 
‘the cas case of the E Bast | Rive | but “a does not s seem n too much to expe pet 
‘Blackwall tunnel under the Thames, the 
It would be interesting to es estimate. the merease in railroad traffic 


‘capacity resulting from these ‘improvements, but the data required for 


this purpose are not available. ‘Some idea of the i increase in 


resulting from the esti ablishment of the tunne 
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ta ations. he daily ti 


in the following table: 


for 24 axximum hour. 


oad Street Station, P hiladelphia. 


Union Station, St. Louis. . 


South, Terminal Station, Boston. 


ennsylvanii a Sta ation, Ne Ww 500 


‘Th e freight capacity of Pennsylvania New 
has been 1 greatly enlarged by the construction of the Greeny ville ard 
and the facilities connected therewith, but it is impossible nage a 
the amount of this increase. However, ‘it is worthy of remark that, 
pares the period from 1900 to — freight traffic density on the ; 
lines of the Pennsylvania “Railtoad Company in- 

creased from 3 268 330 4742081 ton-mi iles per r mile 

th of nea arly 50 per | Doubtless the improved | ‘freight 


ties of the New York District had a lar ge il saaineanitiaas the development 


One of the most interes ting points ¢ connected with this deve elopment _ 


of traffie facilities is its influence elative distribution of popu: 
lation in | the different parts of the metropolitan district. — In 1907 the 7 
popula ition acre of the different divisions of Greater, New York 
reported as ollows: Manhattan, 157; Brooklyn, 29; 
-Quee ns, 3; Richmond, 2 tT ‘he effect of new lines connecting some of 
these districts, a and sections of New Jersey not far from the North 
the business center of the city w 


ill he to 
incre ase greatly their It does. not seem probable 


that population- density of Manhattan will be sens sensibly reduced by 
improvemer 
> in 


nts, for they stimulate the increase of population, 1, and — 


apparently no increase of transportation facilities can keep up ,with 


the growth of the city . The population of as gre erent commercial city 
must be congested near the business’ center. 
tion of its existence. All that ean 


= 


This is a necessary  eondi- 
m done to meet this condition is to 


Proposed train service when: ‘station is. ‘ope ened, the “ultimate | capacity of the Station | 
being in excess of 1 000 trains per day. 
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provide all possible facilities for moving into and out of the 


recent years ‘the business the lower part of 

the Borough of has become greatly congested. Very high 

‘buildings, providing business accommodations for large numbers of 

a people, have been constructed, and these people must move to and from 

their working places at about the same times, that is, at the “rush 


hours” 3” in the morning an and afternoon, at the beginning : and ending of 


the wo working day. Every effort has been made to ‘provide for ‘this: 

immense and rapidly increasing local p passenger traffic, by the construc- 


tion of surface, elevated, and subterranean railways ; but the demand §  poin 
for tran asportation has" increased 1 much faster th than the facilities can Stat 
be prov vided, and it is evident that th limit of  down- rea passenger | aE 
traffic faci lities 1as been very nearly reache roje 
Apparently, | the 2 only remedy for these conditions is the mov ement to th 
of b business and the people transacting it up- town or to the Boroughs - Vanig 
of Brooklyn and Queens, which are now readily accessible by tunnel tin 
nd subways. This movement, of course, is resisted by the great real a 


state and money investments centered in the lower par ss: of the city, consti 


but, notwithstanding this resistance, the improv ovement shas ‘commenced Servic 
and has rapidly advanced. Za The ¢ gre eat ‘retail houses are being estab- great, | 
lished above 23d Street; the banks brokers’ offices are rapidly the’ eo 

around the ne Ww business center of the city. he fac cilities portat 
a afforded by the telephone « and the subway for communication with the equale 
money center have doubtless greatly this mov ement. charac 
that h 
the Ne 
scheme 


Railrog 


‘reduced t to about, 18 min. by the use of the Hudson ‘Company’ s vanill 8 the 


nvolves: ‘inconvenience in changing 


while this: 


the trip will made without of 
— that, undoubtedly, by far r the gre ater part of the Pennsylvania’ 


passenger traffic desiring to yeach the sho opping and hote hotel center of th 


will go to the new up-town station. 


ver 
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effect of the Tunnel Extension i in imoreasing the volume 


very great; sly its influence is already ‘apparent, although the 

@ is not yet opened for traffic. W ith the extension of 1 the present subway _ 


town on the» west with direct. connections to Brooklyn, and 


town from 424 Street to the Bronx, with connections to permit 


a transfers between these two straightaway subways—one on 
- the e east side and the other on the west side of Manhattan—will make 
the Station a center for and distributing 


to ‘the the late AL Cassatt, President of the 

oughs y ania Railroad Company, to whom the conception, design, and execu- 
ion of the project are mainly due. His education and experience as 


t real civil engineer, his thoroug h kno sit dge sale all the details of railroad 


city, onstruction, operation, and 1 manageme nt, gained by long and varied 


nenced ; service, ‘the directness, clearness, and prides 1 0 of his mind, and his 
“4 
“estab creat executive ability, placed d him at the he head of the railroad men of 
rapidly the’ country. In n the consideration. of great problems, whether of trans- 
cilities twrtation, finance, , commerce, OF political economy, he was almost un 
ith the ‘equaled, Owing to “the: breadth, originality, and decisiveness of his = 
oak “character; yet his manner to his subordinates was so direct, ar and simple : 


‘on, the “that he seemed | unconscious of = own superiority. Great as it is, 


ty from “the New York plan of improvement is —_ one item in a far-reaching © 


Seventh scheme ‘of develo oment which became the policy of the Pennsylvania > 

to the Railroad Company t through Mr. Cassatt’s advice and d influence, yet his 4 

“may strongest interest doubtless centered in the New York works, It 4 

the sincere regret of all connected w 
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3road 

about 
be 
sport ation: 
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points. The new post office to be established adjacent to the Termine A 
ill also greatly assist in accelerating the up-town 
hi ount of the New York Tunnel — 
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_PAPERS AND DISCUSSIONS 


THE 
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ALFRED Nos. E ast-P J 

ik gence outline of the v work included in this Division has been 
_ given | by General C. W. Raymond, M. Am. Soe. ©. E., in the first paper 

of the series. ™ few pen following are intended only as a note to 


— his paper with the more detailed descriptions of the execution 


Soon after the Company’ was) made public, ir in | latter 


was measured on the Manhattan side, pa transit stations 
were on buildings from which all borings i in river were 
ocated. 7 The river borings were all wash-borings made from a pile & 
driver boat. After t the results ‘were plotted on the map, contour lines 
were drawn to indicate the rock surface, and profiles” along the tunne 
J aan Ww ane plotted from the contours; as the borings were preliminary 
to the final location. of the tunnels, and in many cases at some —_£, 
the tunnel lines, consider rable from actu al rock 


- * This a and that of Gen. Raymond are printed as introductions to others describ 
ing the New York Tunnels and Terminal of the Proceedings. 
in the October, 1909, and numbers of Proceeding 


— 
— 
— 
— 
— 
— 
— 
— 
| 


ij 


my 


Ay 
yaper 
yte to 
ution 


latter 


imine 
distance 
ual rock 


rers describ 
will 


aes 


NSW 


d 


1000 


SEPTEMBER, 1909. 


"RI 


< 


— 


OF PORTION OF 


MANHATTAN ISLAN 


SHOWING FO RMER TOPOGRAPHY | 
MAP MADE BY 


> 


— 


te 


annels where the 


‘tunnels, ‘these, depressions being by a rock reef 
which down stream from Blackwell’s Island. In 32d and 
treets in Manhattan, borings were made from the river to the station 


site at intervals of about 100 ft. wash- -borings and core- -borings alter- 


nating. In Long Island City, where the tunnel lines” were to 


‘the passenger station on building and passenger yard 


“of the e Long Island Railroad and under streets and private property, a2 
the arrangement of borings was was less 


of wash-borings and core-borings was ¢ 
‘After the final location of th 

on | shaft sites 


was ‘to. measure directly b between the 

extremities of either base. ‘The bases wer 


e measured with -100- 
steel tapes, supported every 


stretched with a uniform pull, a 


frequently compared with standardized “tapes. On account of the 


‘condition of the streets during g the hours of daylight and 
evening, “most. of the work was” done between 10 P M. and 5 a 
Similar measurements were made i in the streets ai! 


ong the tunnel | ines 
Angle” readings were repeated many times, as is 


s usu in such work. 
Fig. 1 shows the triar ngulation, th 


1e street measuremen ts being omitted. 
= were first transmitted across: the river ye simultane 


the tunnel of the East River Gas ( Ree: 


rer Gas Company at 71st Street. 
The franchise granted by the City of ‘New York provided for lee 
se to the Railroad Company of the > portions of 32d Street between 
B Seventh and Eighth Avenues, and betwee 


nues, and between Eighth and Ninth Avenues. 
Later, Compan 


ny acqu purchase the portion of 32d Street 


— 


rights under streets s around the station site to within 19 ft. of the 
street surf under § Seventh, Ei ighth, and Ninth Avenue ; to within 
in. of the street 81st and 33d Streets, that, 

‘he sidewalks opposite the station, 


es. The franchise g granted ‘sub- -surface 


under 


sidewalk 


| Street and the north % in 3: 1 ‘Street 


4 
| 
iim 
— 
— = 
iia 
= 
thecon- 


a struction ‘must be at least 5 ft. below the street surface. 

out the etal, full use of these rights was made under Eighth Avenve, 

a we under such portions of Seventh and ‘Ninth Avenues as were 

It was not 


indispensable for access by trains to. the station area. 
practicable to make full use of the rights: granted under 31st and 33d 
without i ineurring for supporting ‘adjacent build- 


| 


TRIANGULATION ‘SYSTEM. 


Coordinate= 


ings or for injuries to them, and, after careful consideration, the 

arrangement shown in the plans was decided on, making about 45% 

fl the sub- surface area unser these streets available at track level. 

The work of the East River Division vat this. ‘site embraced the 

exeavation to depth necessary for railroad tracks, and the buildir 


= of a a a retaining wall extending in 31st Street from the ‘east side 


. Ninth Avenue to the west side of Seventh Avenue, thence | northward 


ak 


— 


along Seventh Avenue for a of also a a retaining wall 


| 
x 
— 
a 
4 


LATE LX, 
PAPERS, AM, 
SEPTEMBER, 1909, 


Fresh Air Nozzle | 

fo Long Island  Topof Rail 


= Sump 


> 


4 


KES 


ty 


ew York 


- 


orthwa 
. all 
ing We 


EAST RIVER DIVISION, R. R. TUNNELS 
in 93d Street iti the west side of Seventh Avenu ue to t the east side 
off N inth Avenue, and thence southward along Ninth Avenue for ac dis- 


E ‘tance of. 186.3 ft. This work was placed under contract June 


1904, with the, ‘New. York Contracting and Trucking Company, and 


later assigned by that company to the he New York C Contracting Com- 


ia Terminal, and | was out under the direc- 


by 
it wil 


The station tracks leading eastward station will 


under ‘Seventh Avenue and | for some distance farther east, and pass 


: into two three- track tunnels, one under 32d Street and the other under > 
2 33d Street, at the re respective distances of 192 and 402 ft. from Seventh | 
Avenue. ¥ A typical er cross-section of the three-track tunne 


‘Plate LXIV. 1 The converging sections were considered easterly ex: 


tensions of “the: station, and included i the East Rive ver 


Division. Wi ithin a few hundred (Plate L XVD, the tracks are 


ermed a twin tunnel, and typical cross-section late 


BLXIV. The tunnels ¢ continue o on \ tangents under the : streets to Second © 
Avenue where curve e to the 
private pro 
east of Fir 


of the two 
two lines fro 


ividing \ wall between them, and nee perce one tunne 


in he separate excavation. A typical mn -section of the two ‘© separated — 


tunnels i is shown on Plate L XIV. 


lus appears that eastward from om the stat station the lines iain 


a four- track railroad, each track being in a separate tunnel ; for con- 
pence of” the work lines designated edad ‘and 


Tom 
At an 


date, 


30 -eurves,, passing under 
perty. gh shafts just 
Avene. 


Ineipal Assistar gine He was directly ir in charge of 


rge 
of the work and all Resident Engineers reported to 
M. Am. Soe. in charge En- 


1 is shown on © 


of all parts 
him. George 


cach street being formed in one excavation, the distance between : 4 
— 
= 
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- nel to the shaft and also eastward from the shaft under East River. ial Me 
he was not then able | to endure the > effects of compressed air, the work . Be? 


= 


- under the river was transferred to J ames i. Brace, M. Am. Soe. C. By 


as Resident Engineer. Before the completion, of the land tunnels” 


under 33d Street, Mr. Leighton accepted 1 more ‘responsible employment 


b 


elsewhere, and ‘Mr. Brace assumed charge of them also. Francis’ 
“Mason, M. Soe. C. _ E., was in charge” as Resident: Engineer of 


the 32d Street lines during their entire “construetion, and also of the 
nn extending lines” ‘eastward from: the First Avenue shi aft 


work just as. 82d and 38d Street ines, 


contract o on May | 29th, 1005, with the ‘United Engineering and Con- 


tracting Cc ompany. plans then provided for three- track tunnels 


the west end the work under the contract ¢ 1 628 ft. in 


a 32d Street and 1418 ft. in 33d Street to the west line of Fifth “Aven nue, 
of 


with a descending grade 0.4%; this constitute, ina a degree, 
7 an extension of the station, where trai ns ¢ ould stand without brakes 


while awaiting signals: to proceed to or from m Fifth 


under 33d Street from Fifth Avenue, surface of the rock 


aril holes ‘the tunnel roof at 32d Street and F ifth 
showed a a thin: ‘cover with quicksand above it. The conditions s had 


been indicated in a general way by borings made before construction 


iy 
begun, but they proved to be rather 1 worse than anticipated. 


the topographical may of Manhattan Island, ‘made by General Egbert 


iele in 1865, is shown a wate rcou which had tte 007 source neat 


ng thenee 1 along the west 
n 


eet, flowir 
si end Hi der the present site of 


a the Waldorf- Astoria ‘Hotel, crossing 33d Street at the p 


surface was broken through | in tunnel “exe cavation, as above 
_ stated, crossing 32d Street at its intersection pews Fifth . Avenue, where 
Ee trial drilling showed thin rock cover over the tunnel excavation, passing 
_ thence eastward a | short distance south of 82d Street, which it re 
foe crossed near ‘Third Avenue, and finally discharging into the East Pine 
‘near Street, and a a west of the present Fir rst Avenue 
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a 
ancient creek followed course of a valley in the rock, 


become e filled to a _conside rable depth 


fine quicksand. This -eoncurrence of sions in the rock surface 


he watercourse n on Viele’s map was noted 


1 


é station and tunnel lines ‘is reproduced in Plate 

unfavorable « conditions developed at Fifth Avenue affected 

both the construction of the tunnels and ‘the ‘maintenance of adjacent 

“buildings. - 3 would be necessary to construct the tunnels in open 


cut for a a large part of the way westward, cnusing ee: inconvenience 


‘the publies the buildings were 1 of the older class, » founded 


of these had been built since the 
tunnels were } planned. ih view of these added risks and _ the increased — 


cost of construction, the value of the three- track “construction was 


reconsidered, and two. important changes were made i in ‘the plans, 


first of these was to continue the twin tunnel westward to Sixth 
Avenue i in 32d Street, and to a point 180 ft. west of Sixth Avenue in Fe 

33d Street; the twin tunnel being 93 ft less in » height than the three 
track tunnel ‘and 9 ft. Ratrower, , the change reduced ‘the | difficulties 


_ considers ably. . Where the three- tunnel was thus eliminated, there 


was no longer objection toa grade, so that, going eastward from 


= station, a grade of 0. 8% i in 33d Street and 0. 9% in 32d Street was a 


substituted for the original 0. 4% grade. From the west line of Fifth 
Avenue eastward short sections with descending grades of 0.3% @ con- 
ne the original 1.5% grade near Madison Avenue. The effect 
ese two: changes—type of “tunnel and gr to lower ‘the 
of tunnels at Fifth Avenue about 1b ft. , which “made it 
practicable to avoid open cutting east of ‘Sixth Avenue. 
full account of the construction of cross-town tunnels will be 


Perm 


in Island City being located, , one the Slip, 


the other i in the. pier just ‘south of The two railroad lines « coming» 
Manhattan, and curving to the left | at Second 
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it was” convenient to make the shaft large enough to cover both lines. — 
Borings had shown that the excavation for the e tunnels wc would break 
— of the r rock about 200 ft. east « of First Avenue. It was desirable to 


carry” the tunnel excavation eastward from the shaft in normal 


, fare enough to permit of building - least 50 ft. of tunnel and installing 


ei Plate LXV, bad d the further advantages that tie rock surface + was sev- 


a wer 
eral feet above th the level of the top | of the e tunnels, and access t to the river — 
for receiving and ‘discharging ‘materials could be had w without crossing 
any street. Similar reasons governed the location of the north shaft 
for the lines from 33d Street. On the Long Island side of the river 
there were only two feasible locations meeting these conditions, par- 


se ticularly in respect to | a safe thickness of rock above the tunnels, one 


near te e pierhead Tine, ‘the other just outside the bulkhead line, ia 

for many ‘minor reasons the latter was preferable. ' The enter lines: 
each pair of tunnels were 37 ft. apart, and each shaft, ‘therefore, 

‘was made to | cross both lines of a pair, the same as on Manhattan side 

the river. it not expected, however, that the Long Islar nd 
shafts be built or the tunnels from them in 


the shs of permanent was 


“ond 
ent, but- to ‘facilitate ventila- 
“tions ‘howe locations divide the entire lengths - “of tunnels east of the 


station into three parts, of which were approximately 4 000 ft. 
each, and the other about 5500 ft. The accident risk v was believed to a 


very sm while much given to the feature of facilitat-— 
nti 


r 
ventilat 


to provide appliances for 
The plans” of the shafts ‘re 


shown on Plates 1 LXII and cais caissons for t the shafts are 

structural steel, ‘with double walls filled with concrete, 
ing a cross- -wall between and parallel to the tunnels. these struc 

tures were fitted for with compressed air, if that should prove 


found at all 
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to full depth; if sound, unfissured rock were Sean’, the could 


be e stopped above the tunne 


1el level; but, if not. , the -eaissons, in 
ease, would have t 


o be sunk far enough to permit placing a a water- tight 
floor below the tunnels, the tunnels” themselves begun. through 
the side- walls of the caisson ; such openings, 
“closed by removable bulkheads, were provided in all caissons. 
already stated, ‘the grade of 1. 15% from | Fifth Avenue eastward 


was fixed with ahs to the lowest t point of the sinus bed in order — 
to give the requisite cover over the tunnels at ‘the deepest point of the © 
channel on the west side of the reef, where the ey bottom w was ns about _ 
60 ft. below mean high tide for a short t distance. On the other hand, 
as the use of compressed air in building the tunnels was anticipated, 


an excessive depth below the water surface was to be avoided as far aa 
possible; it was necessary, however, to continue the descending grade 


some further distance until the tunnels were ds in rock, that 


3 drainage sumps un 


der the tunnels: could be made readily. Eastward 


from the si sumps the tunnels had a rising grade of the 
lished bulkhead line 


points where the tunnels a short distance of shout 


10 ft. (if, the dredging plane. should be fixed at. some future time 


4 
“40 ft. below me mean low tide, a as s may be reasonably anticipated). E an 


‘bulkhead line, Tunnels A, B, and D have ascending 

grades of about 125%, while views at the rate of 1.9 % in 

order to effect a crossing over Tunnel B west 0 of the portals. This” 


eature was introduced in order to place the two _west- bound | tracks 


through ‘the: Sunnyside Yard, and ‘the heavier grade, being 


up but will be dealt. with in the 


- | It was ‘recognized 4 from 1 the inception of of tl the project that the tunnel 


the tunnels 
under the J East River would be > the: most difficult and ‘expensive | section 


of the eet Division, ‘The borings 


had 1 shown a “great variety 
passed through, embracing ‘quicksand, coarse. 
gravel, boulders, and bed- rock, as well as some 


cla: 
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shaft sites several feet above the tunnel level, it could not be determined | 
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arrangement of grades and tracks in the approaches and in 
> 
i 


EAST RIVER DIVISION, R. R. TUNNELS | [Papers. 


Pl ate LXV. T — ails was s usually ¢ covered by a few feet of sand, gravel, 


q 
and in some places, where the rock surface 


a 


le at some distance below the tunnel grade, the material n net in 


mmneling was all | quicksand ; the nearest parallels : in work previc iously 


some the tunnels under the Thames, ‘particularly the 


Blackwall tu nnel, where open gravel was passed t through. Before the 


plans | for the East ‘River tunnels" “were completed, “work had been 


resumed, after many years’ “interruption, in the old Hudson River 


ee tunnels: between 15th Street, Jersey City, and Morton Street, Man- 


1attan, and sand ‘materials were passed through for a short distance. 


| These « experie sees satisfied nearly all the engineers in any way con- 

“nected with the work that ‘the shield method was the most. 

for the East River - tunnels, and the plans for the work were based on 


its adoption. Plate LXIV for cross-sections, ete.) Other methods, 
es stated by General Raymond in the introductory paper, were advo- 
d, particularly. caisson ¢ onstructions and the freezing process, the 


being urged very stro1 o1 and, when proposals were il in 
obe er, 1903 , bidders we in informed that alternative methods wou 


Se zed were received and opened on December 15th, 1903. - Only one 
_ bidder proposed to carry out the work on the basis of unit | prices, - 
‘the p prices were ‘80 low that the acceptance of the ‘proposal + was deemed | 
- inadmissible; no bid based on caisson methods was received; sever: al 


— 
aii were made to perform the work by the shield method, i in accord-_ 


ance with vdivsed plans, for a peduentnge of its cost, and ¢ hail was sub- 


mitted, on a similar basis, covering the use of the froesing: method. 
The firm a S. Pearson and Son, Limited, of London England, 
Proposal the tunnels by the shield method, « on 


having such an experience a and record in in way similar to 


"Blackwall tunnel within the estimates of was ‘the only bid 
See East River tunnels, negotiations: were continued ‘between th that ‘fire 


‘The original plans and specifications contemplated 1 that all tunnels 

"between the First Avenue shafts in Manhattan and ‘East Avenue in 

Long Island City would be. shield- driven, and that work: would proc cod 

si imultaneously eastward from the First _ Avenue shafts and both cast: 


ward and westward from. the Long Island City shafts located west of 
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DIVISION, , PENNSYLVANIA R. TUNNELS 
‘their proposal, 8. Pearson and Son , Limited, suggested that ‘shields 
mit be started from: the east end of the work and ax arrive at the 


Front Street shafts as soon as these shafts could be completed, and 


proposed sinking a a temporary shaft transversely across all four lines 


near ar the east end of the work just west. of East Avenue, from which, oe 


within a short time, “ drive toward Front Street by the use | of shields. 


4 The railroad ad company : accepted t the suggestion for the ‘additional shai shaft, 


_ although the | greater part of the tunnels east of | Front § t Street was bi built 
without shields. After several months | of negotiation, a contract was 
entered into on J uly 7th, 1904, with Pearson. and 
a corporation of the State. of New fork organized by : the English “firm 
the puspese of entering into and carrying out. this | contract. The 
- main features had been agreed upon, and work had begun about ie 


— - 


months before. The contract embraced shafts: in n Man- 


360 00 ‘ft. of single-track tunnels. The cor 
seemed to be peculiarly suitable for 


ane 
risks and the unusual ‘magnitude of the A fixed a 
named as contractor's profit. If the actual cost of the when 
completed, including this sum named as contractor’s profit, should be 
less than a certain estimated amount named i in the contract, . the con- 
tractor - should have one- e-half of the saving. If, on the other hand, the 
| actual cost of ‘the ‘completed work, including the ‘fixed sum for con- 
tractor’s profit, should exceed the estimated cost named i in the contract is 


the contractor should my one- the excess and railroad 


‘pany ‘the other ha lf; the cor contractor’s: liability w 


ount named for plus $1 000 or, other words 
money 


was to be borne wholly by ‘the ‘railroad | company. The 

of the wil, some unimportant restrictions, was placed with the 
contractor ; the relations| of the engineer, as to plans, inspection, ete., 


were the: same as in ordinary work, and the of ‘the 
to reduce cost was the same in kind as in ordinary work, — bakes eae 


On account of the extent of the work embraced i in this contract, and Hf 


the dar 


was into ‘three residencies; two of also” ‘the 


P| 
it 
me 
— 
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their extensio1 e, includ- 
ing in all abo tract had 
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cross- -town tunnels, have been the third, w with 8. HW 
M. Am. Soe. C. _E, as 
Pee the easterly end of the work 1 near Fast Avenue i in Tong Island City to ba 
the meeting points under the river and also the permanent shafts in 


“Long Island City. few months after the execution of the principal 


4 


“contract, the work to be done was extended eastward 107.5 across 


East Avenue. The extensions of the tunnels were built without cast-_ 


iron linings ‘and with an interior cross- -section of the | same height a as a 
the tube tunnels, but. somewhat narrower. The work was a also extended 


westward from the First Avenue shafts to include the excavation of t top _ 


* 


_ headings in each tunnel for a a distance of 100 ft. and an enlargement 

full size for | 50 ft. The borings having shown that soft earth 
existed below the grade of ‘the tops of the tunnel under the passenger 

> building of the Long Island Railroad on ‘the east side of Front ; 

Street, and that earth: of varying character would be in places” 
ab beyond the station 1 building under the railroad tracks in the e passenger 
yard and the street car tracks in Borden Avenue, it had been. decided, 


before proposals" were invited, to extend the metal lining eastward to 
East Avenue, the | east end of the work embraced in the original 
contract, where the ising tunnel grades approached the surface of 


ground so “closely that. their f further extension would. be in “open 
In places the tunnels wholly in rock, the weight of 
G ae the cast- -iron tunnel lining was reduced 43% ; shinee the surface of the 
_ rock was below the top of the tunnel, but above the axis, the reduction — 
Weight was somewhat less, about 25% 5 notwithstanding these 
ings, the cost of the tunnels was probably increased by the use of ‘the 
_ iron n lining; 0 on the e other hand, when passing through bad ground, 


| 


absolutely safe more quickly by 
sa length of a few feet « of tunnel wa was 


der a cro\ enger yard, this had great value. 
execution of. rk under | this contract: will be described 


by the Resident Engine 
ly by the Resident Engineers, a 
_ The piant assembled by the contractors is believed to be the most 
extensive ever placed. on a a single piece of work os will | be deseribed 


in detail by their Managing Engineer, Henry Japp, M. Am. Soc. Cc E. a 
or convenience in receiving: materials to be used in construction, 


and to facilitate the disposal of excavated materials, one pier 


east dora se the ‘Hudson River, two on the west side of 
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a ‘banges furnished by Mr. Henry | ‘Steers under several contracts 


embracing also the disposal of ‘the materials. . In the earlier part of he 


= work, they were used ai as fill in the freight terminal « of the = De 


vania : Railroad at / Greenville on the west side of the Upper Bay; ; when 
“the fill at this p place was completed, the materials were sent to the | 


tunnel company on on the Passaic, at Harrison, N. J., and 


part. to the embankment in the Meadow Division. account o 
ossi 


‘occasional closing of the Passaic by ice, this in wil the p ility A : 
of, to some extent resulted in, , interruptions to the work of of excava- 
tion, The ‘contract for the -town tunnels carried an in 
favor of tu te upany | to require the contractor for tunnels 1 to « 


pose, f materials as ‘a stated price, in the latter part of 190%, 


when the excavation in these tunnels \ was being pushed rapidly, the 


railroad company, unwilling to incur the ‘responsibility. for delays 
during the winter, availed itself of ‘this ‘option. |The disposal: 
materials was an important part of the work, and will be dealt ee tee 


_ At the time the contract: was made with S. S. Pearson an and Son, 


Incorporated, it had been. whether mechanical ventila- 
tion would be pro ae for the tunnels, and therefore the contract with 


that firm did no 


the Inverts of 


‘After ‘the adoption of plans for 
ventilation, int latter of 1908, the plane for lining the shafts 


so 


oy 


et, the rising: 


that their extension eastward ‘could be carried out more readily in = 


cut than by tunneling. The locations of the portals could be 


e varied 
peomewhat, a and they were built o on “rock which was. found in rather 
narrow ridges at convenient places. Tunnels B and D have a common 


portal ; Tunnels A and C have separate ones, the portal for Tunnel 


being located 800, ‘ft. west at the e others a as a re of its. crossing 


over Tunnel | B, as : 


3 


at TUNNELS 899 — 
the ted materials from 
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ra 


track in order to provide ‘onnostions with the tracks 
the | 


= York Connecting Railroad a a New England lines, 2 and with the 


storage a and “cleaning yard known as the Sunnyside Yard extending 


the west side of Woodside e Avenue, 23 east ‘te East River. 


Plate ‘LXVIL) ‘The yard approaches are > designed to avoid 


tunnel approaches, crossings, and street closings, have been 
described in detail by General Raymond in the introductory 


drawn 

e = ced in tee Pearson contract into two parts. The work west of ine 
m. Soe. C. E., as Resident Engineer, with ‘Naughton ‘Company 
+ McMullen, Contractors; Mr. Louis” H. Barker was Resi- 


a dent Engineer of the part east of the dividing ng line, with ¢ 


carried out by various bridge companies, and other minor features were 

executed by other contractors. More complete descriptions of the plans: 


and d of the the work will be given all the Resident 


was placed under the immediate direction of George C. Clarke, — 
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This Society is not responsible, a as a body, for the facts and 


‘THE REINFORCED ‘CONCRETE WHARF 


= 4 


By T. Howanp Bares, ©. E. 


Be Presentep NovEMBER 8p, 1909. 
Among the poveesl tropical ‘divisions | of the United Fruit Company, 


home office i is in Boston, Mass., that in the Republic of Panama 
of rapidly growing importance. ‘It is called the “Bocas Division,” 
om Bocas del Toro, the Provincial Capital, where the division head- — 


arters are located, and i is about 140 males northwest Colon. It 


“Mouths of the Bull. all? There are indeed ‘several ‘mouths from 


"Almirante Bay and Chiriqui Lagoon, the bodies land] locked water 


which form the magnificent harbors pertinent to this Capital, whence 
naturally the plural, “Bocas,” is suggested, but the-s aseription 0 fina #8 
all to the bull i is an unwarranted monopoly on his part. = eS 
The fruit ‘product at this port consists wholly of bananas which 
are planted on the > suitable care of the alluvial formation along the - 
entering the Caribbean Sea between Almirante Bay 
= —These papers are issued before the date set for presentation 
cussion. Correspondence is invited from those who cannot be present at ae 
meeting, a may be sent by mail to the Secretary. Discussion, either oral or ae 
written, will be published in a subsequent number of Proceedings, and, when 
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train transportation, involved its transfer to lighters. having 
capacity of from 600 to 1200 bunches and then towing by launches, 


e ship anchorage in Almirante f 


‘Bay. Here the to be lifted by ports of 

the vessels for its stowage. 
«Tt wa was” “desired to avoid the expense an in this 
Tighter trip and the handling of the fruit, besides which there 


damage by scorching and salt water spray. To this end it was: neces- 


sary” to build 13 miles of railroad ‘through difficult, country, “several 


bridges (one, with its approaches, being long), and | suitable 


terminal works, latter included ‘a railroad yard, a two- berth | 


In September, 1906, , the ‘was as engaged Toro i in 


executing contract filling, sewering, and other sanitation ‘work 

which the United Fruit ‘Company had e entered into with the Panama 


| Government, and he was requested by the division 1 manager to assume | 


supervision of “the construction of the wharf. i ‘Plans for a ereosoted 


pee structure were then n under: way at the home office, and it v “was 
expected to have it built under ec contract. At the same time the ‘i 
manager further authorized the writer to prepare plans for a 
ne Teredo navalis is the pest of of wooden construction tt 8 those — 


‘rapid is is its work ‘that or ‘ordinary native piles 10 in. in 


as roy as 8 months. Some varieties of wood last from 1 to 2 years, 


The untreated southern 
is quickly succumbs, it being noticeable that the teredo honeycombs 
pa Dias entire stick, including the resinous heart, leaving as the only outs 


marks the usual p -peppering holes perhaps 30 


As is well known, the is for the 
confined to the vicinity of line, or between high and low 
water. As observed by ‘the writer, ‘it does s some damage at depths 


—_— as 20 ft., , but. none at all ‘below w the s sea _ bottom n. Creosote i is - 


a treated p pile proceeds on 


as the outer + shell of the pile Raia its creosote by swash or “erie 
Along Coast the tide. is. slight, 
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P RC NORETE WHARF AT BOCAS DEL TORO 
_ perhaps ne nowhere having a a fluctuation of more than 15 in.; in Almirante 


‘Bay it a averages in. 


sentative of the extremes 
ast 


There erhaps be taken, as re pres 
durability” of er piles on thi is coast 
_ Limon, Costa Rica, which is little m more 


and 
Barrios, where re there is a 


, the experience at fet 


violent Some unprotected creosoted p pine piles driven for fe fender 

purposes along the National Wharf were so badly eaten at the er end a 


5 years as to require replacing. — The regular bearing piles here. are 


Copper- -sheathed felting, x, and have suffered not at all from the 


teredo,, but have been badly eaten at points where the coppering did 


not extend into the sea ea bottom. In Puerto Barrios: Harbor, where 
thete fe is only a wind chop to produce a a swash, creosoted piles have lasted 


15; years rs before requiring renewal. 


While it is true that in Almirante Bay no ground swell one the - 
part» used as an anchorage, and much less the bight where the new 


wharf is built, nevertheless, a tenure of life of 15 years is short i 
view of the | interruption to business s caused by reconstruction ; and, 


respect to a copper protection, ae expense wenilil have added from 15 


to 20% to the cost of oreosoted construction, and | coppering i is not with- 


reinforeed « -eonerete were considered, but always 


taney to adopt their use in. view of the extreme length demanded, 


‘Finally, the writer made studies for using an untreated 


: pine ‘bearing pile, to be protected with pipes or shells o of reinforced — 
conerete. ‘shells | ‘were to be in lengths of about 4 


and having a diameter 6 6 in. greater than of the pile. tt 


was e ected to use use a diver ir in nlacing 1 


reinforcement. for 4 the columns, at the pile in richer concrete. 


j _ The pile, thus enveloped and protected, was to constitute the base | for a 
3 _ the column and | the imposed superstructure. _ Afterward, , the e plans were 


odified, anda single pipe or § shell of tapering dimensions | was s adopted, 


w ill be described later; otherwise, - ‘were executed as as eee 
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90 REINFORCED CONCRETE 1 WHARF AT BOCAS 
estimated cost of a structure of this type was about the s same 


s for a plain creosoted | wooden pile and timber construction. The 


eee le saving in favor of the reinforced concrete type lay in the | 
smaller cost of the untreated » as ‘compared with the ereosoted 


to adopt that type 1 was quickly made, and the manager was commis- 

sioned to execute the construction on company “account. 


Location of the Whar —The ‘situation, shape, and immediate st 
- roundings of the wharf a are shown on Plate LXVIII. The bottom — 


is steep, so th that the water is ft. or more, 


“the Tocation as parallel with ‘the ‘contours, and 


> affording berths on only or one side of the wharf. ae is to be observed 


th the depth o: of the water. varies from about 10 it. along the rear 
to about 22 ft. along the front of ‘ae wharf, affording 


about 22 ft. a ship’ s half breadth seaward therefrom. 

Foundation, —The nature of the bottom was “excepting 
hand soundings. Accordingly, actual bearing tests were made 


four 50-ft. piles driven in 9 ft. of water in ‘permanent locations. @ A 


he 3 Vulcan steam hammer was 1 used ona floating driver. The 


weight of the frame wa: was hammer | ‘Proper 


In line with: this it may be stated that 


shoals nearby (which have been 1 excavated to a depth of 15 ft. ) ae 


7 fingers of coral m mixed with heads of the brain type, 
‘The app application of 11 tons: per ‘pile’ produced 1 no _settlement. 


<= load of 16 tons ‘produced a a settlement of 4 in., ., which did not — 
with time, while 21 tons applied to each pile ‘produced n no further 


immediate “settlement, but did from 2 in. to 
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2 concentrated live load o tons per - pile would be im- 
posed. The dead load of conerete amounts to 9 tons. per pile. A 


- distributed live load m uch in excess of 6 tons per ‘pile ‘might occur 
= | s, and the slab was calculated to sustain 250 lb. pe 
ing construction the wharf underwent an actual test aah 


g this, owing to the e storage | of some cement thereon. ‘The © 


capacity of the girders and beams to enlist through their rigidity the 


"support. of of adjacent p piles otherwise taking little live load. may be _ 


on on to increase the factor of safety. a These considerations led to 
the neglect of Toad of 3 tons, ‘imposed on each pile v where a shed 
column should bear. The spacing adopted was 10 ft, and ‘this 
maintained as s far as the shape of the wharf would aang 


beams, the location of the tracks, s shed, ete. - The e design of the — 
and tracks, shed, ete., is calculated to meet the demands for the prompt 
handling | of fruit. Tracks 1 and 2 are for fruit, being under “cover — 


and furnished with ample cross- ‘connections, , whereby it is possible 


to keep a train of fr fruit it constantly | on one of the tracks at the berth + 


in use, while cargo zo from the other berth may be taken off. At the — 
present time, as no loading device has been adopted, and the passing » 


of ‘fruit by hand through the s side ports is in practice, the outboard 

track: (Track 3) is 5 utilized for fruit loading, but machines \ will soon 

be used for r carrying the fruit from: Track 2 to the vy various ous decks of 


the vessel, and Track 3 will remain, as originally planned, to take 

incoming cargo for transfer to the warehouse. 


General Description of the Wharf.—The framing system 


Per bays of six columns capped with 8 by 30-in. girders, w with longi- : 
tudinal stiffening of by 20-i in. beams, one under each rail, as well 


many others: for -cross- “overs, -unloading- machine bearings, and other 


stiffening. dimensions « of the wharf are on ‘Plate ‘LXVIL, 


“the length of each berth being | 350 0 ft. on. ‘the front. 
7 The three front rows of eben are (12 by 12 in in. in section, while 
: the rear Tows are. tapered from 8 by 24 in. at the top of the piles to 
8 by ad in at the girders." The latter columns were thus shaped t 


prevailing on the railroad, no locomotives exceeding 24 tons on the 
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constitute bracing piles by means of the struts and braces. A 


section. of the wharf and shed i is also shown | on ‘Plate LXVII, and this 
gives a a better idea of the bracing than can be obtained. by | written 


~ 


‘above mean w 
“The thickness of the pane is in- 


receive a car 19 000° Tb. "resistance 


Fender. —The front of the wharf is , protected against friction and 
pes by an 8 by 24- in. bolted-up wooden fender. The fender is sus: 
pended : from ‘anchor- bolts, set in concrete blocks, by a a link and hook- 


i is protected by a 


, to be as possibly to the ship “not to 


the wharf, for the floor acts an immense horizontal: “beam which 


unites the resistance of all the piles, and, being supplemented by the 
de ead we eight, ses the nt f the hip, It is 
ting dead wei opposes e momen um of e ship. It i 


exceptional, in fact, te an _ impact to cause more than the closing of 


the spring i in one or two sockets. 

za U The extreme fiber stress allowed ‘in the con concrete 
was 600 Ib. per 7 | in. ix in compression, and no account of tensile 


resistance was taken. = Ans allowance of lb. per sq. in. in tension 


Reinforcement. —Round bars” of mild steel two ‘sizes were used 
cement throughout: for columns, girders, and beams, 

or floor slabs. Of the bars in girders and beams, one- “half 

levered over the point of support. ‘before stated, the 

ei was: planted in ‘the annular ‘space b between | ‘the 
= and ‘the s shell, and, was euflciently Iong to to reach into the floor oe 7 


and beams to meet shear strains, 

for this resistance. 


rs amply prov 
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Fig. 2.—SHELL FILLIN Fors ERECTION, AND PLACING OF FLOoR ConcrETE, 
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‘Considerable extra reinforcement was into the 8 10- ft. ¥ 


floor along the wharf front, in order to > ant an unknown 


strain which a listing vessel might impose on th n the slab midway 


_ Anchor- bolts for” the 4 by 10-in. . by 5-ft. railroad ties were built 


the ‘slab, , one for each tie, in staggered position, 
‘reinforcement o e shells was, for the most part, 
reinf t of the hells was, for the most 


-welded fabric made by the Clinton on Company. The mesh 


best adapted, ‘and the one principally “used, was 6 by 6-in. with No. 6 


longitudinal and No. 8 roundabout wires. Some few home- made 
spirally- wound | cages we were made for shell reinforcement , but 


proved to be expen: expensive e and w were difficult to 


wharf proper. In the trestle “approach, 


pine ‘piles were used. The forme were y selected for their 


; is t id th t ht of the b tt 
ormity an ness of e bu 


there loaded lighters, and to towed to the site. 
_ Sand.—The sand w brought on on on. Tighters from the Changuinola 


It ‘was the best to. be had, anc and, while very ‘good, ‘was not 


sharp as one would select had there been other kinds from which 
hoose. e. For this reason, screenings consisting of fine | dust 
from the crusher used freely, and much ¢ 


in re- -crushing the stone for the ‘of th 


“Ta fact, no effort was spared to secure — a 


ment.—Alser 
“entire satisfaction. Field tests only, 


made, The total quantity of cement used was 1s 3450 bbl. 
Coneret average mixture of 1:9:4 of cement, sand, and 
lo stone was ‘used, the sand usually containing some crusher dust and 
fine stone, which would make the mixture 1: ik: ‘The idea 


of producing a a dense concrete was kept, foremost, especially i in making | 


the : shells, 0 on which ‘any destructive. effect of sea water, would be mani- 


q 
4 
— 
— 
Piles —Untreated piles of southern pine were ousho) the 
mo q 
cleavage, 
= 
Incurres 
of cement were used with = 
q 
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fest. The ingredients were varied to suit the requirements for par- 


‘ ticular portions of the structure, being made especially fine and rich — 


in the columns and in the bottoms of girders, beams, and slabs. — ~ 


From time to time, 4-in. sample cubes were taken from the « con- 
crete, as mixed. of these “cubes were tested by the Woreester, 


Mass. , Polytechnic Institute, with the co-operation of Chester Ss. 
= Ju un. Am, Soe. 0. E, who was Assistant Engineer on the con- 


_S struction. 7 The following are the results, the ‘samples being 15 months 
old when tested: 2 367, 4 911, 3355, and 5367 Ib. per er sq. in., an 
iL. average of 4000 Ib. per sq. 


= 


in the division consisted of a No. 2 
‘portable ¢ Climax crusher, a1 an engine, an elevator, and bins. These were 
“utilized, although they were -not what would have been selected as first 


choice. The working base was an island shoal, the soil of which was 


very yielding, thus causing much annoyance and expense. Ingy spite of 
ft. of filling which had been pumped on the area, ‘settlement took 


“place, 80 that high tides covered much of the ground, The cru erusher 

removed from its ‘position on the boiler set on 
and concrete base. A r rope drive from the e engine eel te 


28 by hull used for the floating pile-driver. The 


ater was | equipped with | leads 56 ft. high the Vul can No. 
hammer previously described. A land driver v was: also brought | 


requisition for some driving f for and « other ‘structures 


7 


Shell ‘Forms. 4-ft. shells, or rather pipes, which were at first 
: ‘planned to be used for pile protection, were never made, but, as stated 


previously, single shells long enough — to reach from above high water 


to below the sea bottom were substituted, these were 


go as to stand handling and placing by the pile- driver. ee (an 
Soundings were taken each pile location, and the ‘shells 
made of sufficient length to permit their sealing into the sea bottom 
to reach above ordinary high water. by Furthermore, shells 
were made and stacked in 1 the: onder in which were 
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y, ALMIRANTE WHARF, SHOWING SHORING, ETC. 
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_ reinforcement need not be described ; ses it should be noted that such 
forms must be firm and stiff, capable of preserving the 


possess; a . and that it is too difficult to adjust any closed wire cage over — 
eo core. The forms adopted improvements to made. 


jron, a spider or spacer of a wooden cradle with ‘sheet 


metal, and a wooden arch faced ‘with sheet metal. 


half eylinders—really not cylinders but frustums of a cone— 


fixed over the ‘spider formed the core, of ‘the shell. They 


20 in. to 16 im in diameter, whatever the actual length might 


be. cradle rested horizontally on a truck, and, together with its 
companion arch, formed an outer mould having a diameter £ in. 
; greater than the corresponding core, thus giving a thickness of shell 


_ The ex: exact length of shell desired was secured by § sop in the form 
of collars, made of eet metal. 
erved the further purpose of keeping g the co or ete i 
were made up in lengths 


we everal each lengt 
er 


sonerete to the barrel of 

cement was obtained. T he was s first to place the 

i= proper thickness o of concrete along the bottom of the ¢ cradle, and ee 


embed ‘the reinforcement, The latter opened longitudinally, and was 


| wired together when the 1 next step was taken, that of setting the core 
4 in place. ‘After closing the wire about the core and clamping down 
the latter, the concrete v was filled in’ to the ‘ “springing line” of what | 
constituted the arch of the shell as it lay” in a ‘horizontal: position. 
e arch form was: then damped on, and the remaining cone 
aced, | along the top of the arch form havin 


concrete. _ Where in contact with the forms, the concrete was 
ina very smooth, and ‘the only additional finish was a wash of grout. ie 


$0 


desired thickness of ‘shell, qualities adjustable forms do not 


y tapered - 3 


rap 
ie 
| 
24, 28, 30, and 32 ft. h, excepting of) 
_ Shell Making.—The stone ingredient of the concrete was neces- 
— 
iia 
7 Purpose. Lue CO cle Was CU clu place “4 
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‘The forms slightly ‘oiled t to ‘assist the e removal o of the 
freshly moulded shells were carefully rolled along the track a 


minimum distance, and allowed to night. 
Shell Curing—While the ‘conereting was going on, t two other 


— at work, in addition to those m mixing ‘and placing the con- 
crete. One small. —— preparing the cores and placing the stops, 
g, equal to that required at the moulding, busy 
the shells. The concrete set. very ‘rapidly, 


xcepting ‘those 25 ft. or more j e in length could be be un- 


stor rage runs the morning after they were ‘The 


spider was drawn then the core forms, the upper one of the 
latter requiring ordinarily tedious cutting away of the fine rich con- : 


crete which had oozed into the lap of the upper over the lower portion of 
this form. ‘Then the top or arch fo form was removed, and ‘the cradle \ was 

rocked | on its side, thus throwing the shell out on the run. ‘Here it 


inspeeted and patch ed, ‘the latter being: required in bet 


sisting). The runs consisted of two lines of “supports al ong tl 


shells at their quarter points. ie slight inclination toward the wate 


fac ilitated ‘the 1 movement of tl e shells on the runs. 


on 
int 


> 


7 As stated, most of the shells were less than 2 hours o old when they = 


unloaded the Jor ger ones were a day older, so rapidly does 


= set in an air temperature 1 ranging from 75° to 90° j in ‘the full 


24 hours, that ‘the total loss losses from call. amounted to 2 


The of this of ‘the shells soun 


simple in its recital, | and so indeed it is, but the forms were heavy and n 


5 the preparation v was somew what tedious; the men needed constant watch- 


ing and spurring on to their task, and the result was 1 that, with delays _ 

> occasioned by using the moulding force to hurry up the pr eparation of 
4 the forms, ‘or to unload. some of the shells, it was possible to produce 
regularly not more than six shells per day. Altogether, the production 


¢: of the shells wee th the hardest portion of the entire we ork 


Shell Placing.—The placing of the shells proved to be very easy. 
special box punt, decked over, was used for the “conveyance the 


shells. This was tied broadside at the foot of the ‘run, and the 
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WHARF ‘Boo AS DEL 


was rolled thereon over short The | punt was towed rowboat 


to. the pile- driver, and the shell was lifted by the fall with a ye sling — 

‘into vertical position and placed about the pile just driven. 
“was allowed to with a a slight momentum in order to bed the toe, 
any further settling ‘needed was secured by resting the 


and nd frame on th the ‘shell top, or r by slight drops of the hammer, with a i 
awtia of ‘Tope and plank interposed. In some ‘eases the shell was not ; 
long enough, ‘indicating a settlement of the about: the pile. In 
these cases, a -sheet- -metal casing was clamped about the head of 


shell, ‘al usually with some difficulty, the head was s extended | to the 


proper: grade. 


tenths of that used in driving the pile. 


Filling. —After wedging ‘dh shell firmly in a concentric 
position about the pile head, a ‘sufficient « quantity of Sine: rich concrete 
was deposited quietly within to seal about 2 in depth at the 
of the shell. _ After two days or more it was generally possible to pump — 
‘out the enclosed water, and then dry the lem 


crete could be placed. This. 


top, where the column reinforcement was embedded. 
portion was made of the rich the with ite 


onerete envelope was jacked and clamped into position ready for the 


Concrete /Forms.—The ‘forms were ms made of by 4-in. “matched 

Tumber, with battens disposed for clamping by yokes and wedges. The 
the floor hanger: s (joists) and beam bottoms 
on as of railroad iron resting on the shell tops, with beams laid 


“crossw ise on the rails. _ The en ntire erection, — with its yoking and 


a shoring, demanded conscie! nti ious” ‘attention, even old hands not always 


necessity for inspec cearefully_ each and every poin 


oof bearing, while, as f for novices, one needed the the search- light eyes: of ¥ 


the crab to supplement their 
‘The 3 raising of a a system of centering as involved as as that required 


shape short columns and 6 by § 8-1 -in. braces is a tedious. operation — 
at best, but, when conducted over the water, fortitude and patience 


are prime e essentials. ‘The forms used repeatedly, and int 
‘respects served: their | purpose e admirably. ‘The forms provided were 
sufficient to center 110 lin. ‘ft. of the wharf, entailing their use six 


times or ‘more. They were given a light coat of oil at each erection 


| — 
— 
{ 
a 
&g 
— 
| 
— 
ley 
4 
— 
— 
_- 
t 
7 
£ 
— 


Plaving the Concrete.—The m mixture the shells and other portions: 
was ; placed quite wet, which was necessary in order "to ‘fill properly the 
a “spaces i in areas of small ¢ cross- -section like those ¢ dealt y with. . Then method | 


churning ig and tapping proved most effective in the columns, 


girders, and beams, in which portions the depth of the concrete 


Constant vigilance was required to secure proper results. The 
Jamaican negro seems think that, when he has « once been through 


operation properly, ‘ “that settles it’ done forevermore.” 
not a polished s surface was: given floor slab; this was. 


done by loc local ‘masons, but they too required like supervision in order 
to: secure proper results. 
The columns were generally moulded hours in advance of 


slab was was less. The placing of the floor slab concurrently vik 


the girders ers and beams produced a shrinkage crack along the plane 


the bottom of the slab. An interval as short as. 6 hours, ‘was at 


- 7 times allowed, but, as a rule, a . longer ‘period w was | maintained, although 


the defect mentioned did not appear after 6 hours’ setting. 5 ae 
The work of the day on beams and ‘on floor slabs was cut off in 
centers of the ‘spans | between girders, generally 20 ft. wide 


across the wharf being carried at one operation. 


little patching was necessary “the forms were 


stripped. The 6 by 8-in. braces were ‘the m members m most it requiring this: 


attention. ‘The of the shells, with | the contained concrete, “were 
— neatly by hand shout the foot of the columns, and the —— 

concrete surface was coated with thick cement grout applied with 

a brushes. Several persons (laymen) paid the compliment of inquiring 


— the concrete was as conveyed in 1 Ransome buggies from the hoist 
delivery, involving a a ‘maximum carriage of 400 ft. 


Steel Assembling —The e sy 
4 


of ‘reinforcement “being that 


ste 
“loose rods,” much care was ed in setting the ed and main- 


taining it in place. In com omparis on with the vigilance required in 


placing ‘the co concrete, t this -exaction w not severe. 
The rods were shaped with as simple hand -bending lever worked 
a bench, the angles desired being chalked on the top thereof. cost 


per pound for cutting, » bending a and assembling was $0. 0028. The 


— 

— 
— 
} 
— 
q 

— 

| 
— 

— 
— A 
— | 

i= 


PLATE LXXIill. 


PAPERS, AM. SOC. C. E. 
SEPTEMBER, 1909. 
BARNES 
REINFORCED CONCRETE WHARF AT BOCAS D 


sT ALONG ALMIRANTE WHARF. 


ALMIRANTE WHARF: LOOKING East FROM TRESTLE AP 


SHOWING WAREHOUSE, SHED, ETC. | 


if 
3 


ef 


total weight of the was 250200 Ib, exe exclusive of that 
in n the. shells, which was 2 700 00 Ib., or 63 Ib. per ‘sq. ft of wharf area, 


and amounted to 14% of ‘the e volume of tl the concrete ‘calculated above 


_ the level of the f the shell tops. The steel was furnished by the ‘Baltimore 


Superstructure—The shed cover | the fruit ‘tracks ex extends 


length of ‘the wharf, less 20 ft. at each end. | The width is 30 ft. from & 

center ‘to center of the columns, ‘the latter having the same spacing 
“The frame is of steel, and was ‘roofed with No. 20, 


alvanized sheets; ‘portions ns of the sides wer were covered with No. 22 a 


— of the same e material, 2 as indicated o1 on Plate LXVIII, , which ‘also ¥. _ 


shows the shape of the structure. 


rad 
4 The weight o of the structural work was was 308 000° lb. The a for 


distributing, ng, straightening, and e erection was $2 300, or $14. 91 per ton 


of 2000 Ib. The paint and painting (two coats) cost $991, or $6.44 


er ton. % The labor on the covering, including the louvers, cost $939, - 
arehouse.—Of interest allied 


that of the wharf are some of 
points of. construetion involved i in water supply. 


~The’ warehouse | is 50 by 200 ft. on the column lines. = In addition to. 
this, there is a | a platform 14 ft. wide | along. the s service e railroad, 0 over 
which there is a structural steel roof extending to the center of this 


track. _ There is also a a platform 9 ft. wide at the west end of the 


and from this extends a bridge with the wharf 


~The warehouse foundation is on piles. mass of concrete 
roundabout reinforcement was” used to form a head and base on each 
pile. ‘The grade of the is” 6 ft. above mean water, and the 
able space between that the natural surface (Elevation 0) was 
utilized for reservoir by building ‘a floor, finished at Elevation 


and a walled enclosure. are. The reservoir is divided into two compart- 


ments which may be used alternately or in com total 


present supply for this reser reservoir is ‘the roof- 


ao ‘with the. e possibility of adm itting a at any time that from | the 


| Wharf shed. _ The v water i is s conducted al moet the yard in pipes. of a 
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inner er surfaces of the res reser- 


‘others contributing, t must 


that t the integrity 2 and finish of the concrete is second, to none. 
Su ily —A su of ater under for boile 
laundry uses, ed from 8 creek ‘ miles inland. 
- storage reservoir was provided « on a Ail, near | r the point of taking, and i 


about 100 ft. above sea level. This 1 reservoir is. about: 200 from 


the line of the ma =e Teading to the wharf. it is of reinforced conerete, 
“a is ‘circular: in form, , having 6-in. walls, and is covered | with a 
dome 4i in. thick. Its ‘internal diameter is 30 it. and it is 12 ft. deep, 


storage | of substantially 60 000 


inter rior surfaces were treated with: a soap and ah 


‘The main is of galvanized wrought- iron, having a diameter of 5 in. 


from the ‘pump to. the “reservoir, and of 4 in, . from the reservoir 


branch to the wharf, along: which it is continued, Ww ith a branch to the 


warehouse. There are abundant: ‘outlets for service to ‘ships as well as 

for: the terminal structures, railroad yard, ete. Whenever the ordinary 


consumption n becomes ‘a serious factor in producing friction in. ‘the: 
local storage of 


Last. pile driven, March 7th, 1908. 
First concrete poured, 15th, 1907. 
finished, Apri 


Average length of of piles = = 58 8 ft. 
length of shells som 18. 4 


Quantity of concrete in filling shells = 6 ft. 

of 


concrete in ‘columns, ete., 3 35 100 cu. ft. 


— 

— 

— the water is expected to prevent wa 

a : voir were treated with a soap and alu sien the writer need ff 

— e appearance of this structure, the writer neec 

superintendent 
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Cost of approach. 
Yost of bridge to warehouse. 


ee 


Cost per square foot for 
Labor for 1 mixing and placing: 


Labor i in making, erection, ‘and removal of forms. q 


for 6500 sq. ft. of 


Wharf floor, ex cclusive of shed. ..... 


ost linear foot of shell. .. 
Cost of average, shell. 
Cost per square foot of shed, 
Total cost square foot of shed. 


of general items, which are included engineering, 


superintendence, watchmen, cooks, storage, and general supplies, was 


94. 2% of the other e expenses, , and is included i in the costs above g given. 


-Labor.—The labor we almost entirely recruited from Jamaican 


in the vicinity. ‘There were also 


desirable, with Jamaicans close competitors. In indolence, 

both: the are hard to outclass, being also slow- to an 


exasperating degree. is necessary to to bear in mind constantly this 


limitation, apparently incurable, in | order not to lose one’s nervous 


. The r regular wages were $1.00 gold for | 9 hours’ work i increasing to. 
a maximum of $1.50, which was paid riveters, so rated, but 
The e average was ab about $1. 20. In point: of service rendered, 


$1.00 man was worth say 40% of the of an ‘ordinary 


(not an experienced one), which would make the latter figure $2. 50 


q 

| 608 

— 

qj $0.08 

0454 

0.08 

83.40 

25.90. 

a 

iim 

| _ or had a considerable mixture thereof. The Spaniards had the least — 

| 

4 

4 
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tendent, Mr. Robert Vv. OF Brien, aid to ‘the Assist t nt | Engineer, Mr. 


"Chester Ss. Allen, 


remarks about the of labor to explain 
difficulties under which ‘the work was accomplished. Mr. 
Briffod was in charge of the pile- ‘driving, and Mr. F. Herbert, Mallett 


was s foreman of form n making, erection, and removal, and ably seconded 


Remarks on Forms. —The writer would emphasize the value of 
| in forms. In the of costs that of 8 cents: ‘per 
sq. ft. for the labor in mixing and placing concrete ; may be compare 
with 4 cents per sq. , for the labor in making, erecting, and 


removing the forms. This is a ‘significant contrast. te case in 


hand there e existed a section 100 ft. in length, comprising the central 
and» widest portion of the wharf, where regularity could not be main- 7 
tained. The irregularity in the positions: of ‘the railroad beams also 


served to retard the rapid erection of ‘the forms. These beams might 
have been used on regular spacings | had it been practicable to give the 
~ floor slab sufficient strength to take the concentrated locomotive load 


whatsoever point. two, designs which the writer has in hand 


at present, it is panathle to design the slab in this way with ec economy of 
and without imposing too great : a dead weight. 
i conclusion, a . word of caution should be ‘given: Tn | construction 


of this" s kind care should be t taken to extend» the the protective ‘Shell to 0a 
depth secure against any y future an of 
J. Recent examples of the destruction of even cr 
hs of 25 ft. emphasize this caution. 
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Society is nc is not asa for the facts 


BY PF. EL “Trask, 

To BE EMBER 1909. 


The second largest development project in Southern elite is 

that of the Arrowhead Reservoir and Power Company, «te head- 


waters of the Mojave River, on the north slope of the San Bernardino 
Mountains and about 13 ‘miles north from San Bernardino, Cal. 
this paper the writer will present only one of the 1 minor features of 


this Project, reserving the consideration of the dams, tunnels, 


-duits, and pov power plants. for some future p paper, when these works 2 are 
a** 


Little Bear ‘Valley In Impounding ve is being formed in a - 
nwentillie volley by the construction of an earthen dam at the narrows _ 


in the ‘Little Bear Valley ¢ Creek. The water- shed above the dam has 
a “drainage area of 6.62 a. 1. miles. The « dam will have a “height t of Wa 
200 ft, and \ will impound 60 000 acre- ft., or its equivalent, 19) 551 000 000° 


gal. The supply of water will be largely augmented from adjoining 
drainage areas, by diversion works a at such elevations as to permit the 
“delivery of flood waters through tunnels into Little Bear V alley 


 Nors. —These papers are issued” before the date set for ‘presentation ant 

cussion. _ Correspondence is invited from those who cannot be present at the 

- Meeting, and may be sent by mail to the Secretary. Discussion, either oral or 

written, will be published in a subsequent number of Proceedings, and, when 

finally closed, the — with ‘discussion in full, will be | published in “Transactions. 
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OUTLET LITTLE BEAR VAL LEY RESERVOIR (Papers. 


le west of the d dam, ‘Fig. 1, Plate LXXV, shows the pores 


= mil 
tions of the dam an and the outlet. tower. 


Outlet Control.— —The outlet tunnel plans and details of control were 
designed and partly completed some years prior to construction work 
‘on the present dam. © Fig. 1 shows the original design for the reguie- 

tion and control of the. discharge waters from this” reservoir. In 1906 
it became necenenry to complete the outlet works, a and the e engineering 


after much deliberation, concluded te to finish the 1 work sub- 


stantially in accordance with 1 this } design, alt though it was regarded as 


/— a departure from standard 1 practice and likely | to prove a failure. . This 


procedure w was justified because of the that the cost of s so doing 


little to the ex] expenses s of the final and that 


this design could be subjected to one season’s: working conditions vail 
> 


as delaying or jeopardizing the work on the dam. z 


‘The work was completed a nd the gates were | closed during 


Ww inter of 1906-07. . Before the close of the rainy season, in the spring 7 
of 1907, the water level had reached an elevation about 20 ft. are 
the ‘tunnel p portal, and as any 1y further rise of the water would endanger : 


the partly completed dam, the were sufficiently to main- 


aim this tage of the water, 
Trouble immediately, from the clogging: of sereens 


-_ installed at the outlet portal. ‘During storms, several men armed with 


— 


_ grappling ho hooks w were kept busy in boats o over | the portal, and it was | 


with, the | greatest ‘difficulty that the screens were kept s su ufficiently clean 7 
to maintain the water level below the danger p point. 


At th close of rainy season the water in the res reservoir ‘was. 


drawn down to the level of the outlet tunnel, , and all accumulated 
drift was cleaned from the screens. An examination of the portal 
disclosed the work of the screen chamber h had been 


— 


reservoir outlet chamber—which, with a full reserv would 
located in a Take 500 ft. from 


general direction of flow of Little Bear Creek is east-— 
ward, the dam being at the eastern margin of the reservoir. The out- 
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OUTLET TUNNEL 
_ SOUTH APPROACH, AND SHAFT 


RESERVOIR 


RV 


Tumnel No.1 Eutiy W 
“FRONT ELEVATION AND SECTION OD elle LONGITUDINAL SECTION 


ze Note:- back of shaft is not essential, if 


terce 
drainage Ws 20' Concrete 
directly down to th Bulkhead / 


Gate Pipes to be perforated at 


RESE 


ALLEY 


< 


nchor Bolt 

=] tovonnect A ~ 

Pipe at this 
point 4 


No» 76-234 Lbs, 
Jones & Laughlins from sump Guard Wall 
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| T-Rails or Z-Bars embedded in concrete, — 
be Shaft and reac hing into rock 8 sides. of shaft 

| : Iron cables embedded at the corners - 
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ITTLE BEAR ‘VALLEY EY RESERVOIR [Papers. 


| 


ts ‘nearest. shore margin—was a dangerous innovat not to be 


‘retained 1 in any mountain flood-water er storage reservoir. — ae 


Reinforced Concrete Outlet Tower. —As a a substitute: for this con- 
demned "structure, it decided to build a reinforced “concrete. 
"screen, and gate-tower, near the ‘portal of the tunnel, and connect it 
with the gate-shaft by a ‘reinforced “concrete “conduit placed in the 
“outlet. tunnel. ‘Fig. 2 shows. the features of the tower, conduit, 
ft, a1 and includes the essential details a the t tower 
wal the ‘conduit, t. Fig. 1, Plate LXXV, shows the tower completed ‘enil 


7 the w water in the reservoir ‘standing at a depth of about 20 ‘ft. over the 
4 
— portal. 7 The » photograph, Fig. 2, Plate LXXY, was taken at the 

time the reinforcing steel for ‘the base and the first section of the 

tower was set and ready for placing the conerete. . Fig. 3, , Plate late LXXV, 

shows the tower about half, completed, and illustrates the method of 


handling the ‘material during construction, 


A contract f for the work was let, the ¢ company “supplying cement, 


valves, ¢ castings, reinforcing steel, and all metal, the contractor 
furnishing all labor, tools, rock, and the contractor receiving and 


sereen having a 1i -in. pay and that the oul used homies be from the 


bed or crushed live rock and passed through screen 


‘The relative percentages | in the conerete m 


ow re subject to the “regulation of the engineer, and as used gave the = 


"proportions: : cement sand 8, al and ro These proportions 
— duced quite impermeable concrete when thoroughly spaded and t 


into the walls of the | tower. Special attention was directed to bonding 


the joints between the work of succeeding days ; the whole 


surface was chipped off and a groove 2 in. deep was cut on a radius ; 


8 in. less. than that of the outside of the tower. The whole surface 
¥ then received a a thorough washing, followed by a coat of cement grout, 
after which the next section of tower was placed. 


« contractor carried on the during the winter season, and 


against frost action by « covering the of tower wih 
and maintaining fire ee base during freezing weather. 


these conditions the progress as the could 


be placed ‘only when the weather was favorable. 
following figures are from the engineer’s 
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OUTLET TOWER AND TUNNEL 
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OUTL ET CONTROL: LITTLE ‘BEAR VAL LEY 
cost per cubic yard for the labor of placing 123 cu . yd. . of concrete 
in the tower at an elevation 70 ft. above the portal: 
2 loaders 2. 5.00 


Total cost per cubic yard....... 


wing many delays anc incidentals. 


Design— The problem of outlet regulation, to the engi- 


. in elevation, 
the valves to be 
7 operated ‘within the tower, from a nome — its top, the screens to be 
operated from the house, by but outside of the 
design further p prov rovided for connecting the tower with 


t tunnel by a reinforced concrete conduit of such desi sign an a — 


a full” 


in 


€ 
c 


valves in the tower will be used a as emergency poy 
‘Sulliciont material was put into this ‘teniiilie: structure to give 


ia gravity stability with a full reservoir, and the ty twisted steel rods 

incorporated calculated to take all ‘strains from 


= mets, on a basis of 16 000 Ib. per sq. in. of metal. tei 


‘The resistance to was on a of an 


a wind v ‘velocity of a hour. formula 


r anc 


was a 


‘UAMOT 


— “ts 
— 
— 7 
— 
— 
a 
tamper 2.500 2.50 
4 
as : and when the old work failed it was quickly decided to build a tower 
— 
— a 
— * reservoir with 160 ft. of water above the conduit. A gate c4 
— 
| 
= 
— 
— 8 
= 5 
— 
— ™ 
tower nalyzed for these and all other possible conditions and 
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- The high class of work obtained is largely 


Company, Mr. F. C. Finkle, and the writer, of Los Angeles, Cal., are 


aie 


responsible 


the Arrowhead Reservoir and Power 
7 q for the general design of this structure, and have kept a 

er 


upervision over its construction. 


4. _ tower was built by Mr. A. S. Bent, of Los Angeles, a 
4 | tractor of much experience in concrete work. Mr. Walter Hy. Brown, _ a | co 
Assistant Engineer (now Acting Chief Engineer), had charge of work- | 
out the details of the tower and of supervising its construction. 
due to hi untiring efforts iw 
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Thi is is not responsible, as body, for the | facts opinions ‘advance: 


HYDRO. ELECTRIC POWER IN CAN ADA. 


Discussion. 


By H. M. Ax. Soc. C. 


Mr. r. Ho Tolgate. M. Am. Soo. ©. E. by —This subject is 


The well- known phrase “Conservation of Natural 


to those which apply “to and their or destruction. 
forest: may be or burned, but the land, | in cases, will 


tiality of the river at the ‘site can thus 

: causing a permanent waste of power. _ Of course, there are commercial 
features which sometimes limit the capital outlay ‘and ‘prevent. 
_ building of works to produce maximum results, but, it often happens — 
that permanent works are built for present requirements only, and are - 
afterward extended or improved to meet the growth of 

erally resulting in a greater outlay than would have been necessary 
originally, and also, even then, owing to » the limits" imposed by initial : 

> design, failing to be able to utilize all the power which might be avail- 
No water- “power proposition undertaken ‘efore it ‘it has 


the total physical and the cost of the It 


aiid? * This discussion (of the paper by Cecil B. Smith, M. Am. Soc. C. E., printedin Pr ocee ed - 
: 5a _ ings for May, 1909, and presented at the meeting of September 1st, 1909), is printed in Pr oa 
a ceedings in order that the views expressed may be brought before all members for further , 
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further 


use of all favorable then any modifications 

which business prudence may dictate may eee one should 
not lose sight of t the fact that at a future time it may become neces- 
sary” to ) expand and car carry ‘out an ideal form of development; therefore, 

the earlier works should be built to fit in with future work, as far as 

practicable, and thus” avoid unnecessary and costly interrup- 


_ It is not possible to say what is to or in the future, but lack of 
confidence in the future progress of Canada has stamped itself on a 
many a 4 
all doubts and fears for the a of trade in 1 the Maiiiaten: 
¥ may be dismissed ; Canada may now be said to have emerged from the 
“hobbledehoy” stage growth and to have entered u upon good sturdy 
progressive with growing confidence i in the future 
-_ In granting water-power rights, it will be proper for the Govern- 
" ment to insist that the initial works shall be built with due regard — 
to the possible e maximum development in the future, so that all possible _ 
power can be made available when conditions arise which may demand ot 
“4 Though Mr. Smith’s s paper does not contemplate going into details, 


River, i in British Columbia, and the second is the development for the. 
_ International Nickel Company at High Falls, on the Spanish River. 
_ The latter serves all the works of the International Nickel Company in 

4 a is known as the Sudbury District, in Ontario. “iS 
As these two plants are radically different i in design, and represent 
‘different; methods of development, their cross- -sections, Figs. 6 and 7, 


first is the at on the 


The w water- -powers of Canada are distributed over almost the whole _ 
country, but the district east of Port Arthur is particularly favored, : 
owing to the accessibility of the powers south of the height of 
land, those on rivers tributary to the St. Lawrance will naturally be — 
developed before those on rivers flowing | into Hudson Bay (errone-_ 
particular, attention is called to the possibilities of the St. 
Lawrence, and to the r rivers tributary to it east of Quebec, as this — 
territory, i in so far as the north shore of the St. Lawrence i is —— 
is not referred to in Mr. Smith’s paper, nor has it 1 received much — 


In regard to the St. Lawrence River, the mean level of Lake 
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thus creating a fall of about 227 ft. The minimum flow of the river 


HYDRO-ELECTRIC POWER IN CANADA 

Holgate. is about 187 000 cu. ft. per 80 that, on this 1 basis, the minimum 

of the river in this’ stretch in in about 100 n miles is about 


fall in the river is over ne by a a 
of 14 ‘ft. with locks 255 


Morrieburg 414. 81 


_Farren’s s Point ‘ 
/ 


Soulanges 
9 
ft. 46. 05 miles. 
of ‘river navigation aggregating about 54 
miles, that “nearly one- -half. of the navigation distance from Lake 
Ontario Montreal i is ‘through the canals, 
‘The present « depth of the canals will not earry the larger Lake 
boats, and the question | of deepening | the canals and enlarging the 
locks is being discussed. This would be a very heavy undertaking, and 
would result practically in rebuilding all the canal a the new 
depth should be at least 22 
exhaustive investigation into the feasibility of ‘damming 
: ‘St. Lawrence at the foot of the Long § Sault Rapids, a few miles wes t 
of Cornwall, has been carried on by J. W. Rickey, M. Am. Soe. C. E., 
2 during: the past three years, and the writer has examined all the data 
gathered, and has no doubt of the ‘possibility of. carrying g out the 
work. The result, of building dams at the sites selected will be the total 
elimination of floods above the rapids, | eaused now ice jams, 
the improyement of flood conditions due to ice below the rapids, i 


~ addition to this, the present Cornwall Canal could be eliminated by 


4 placing a single lock at the dam. 
Tee conditions on the St. Lawrence are annually a source of trouble, 
and, of course, this would be prevented by treating the. rapids in this” 
_ manner. The w riter is convinced that a careful study will show that 
, it is possible to dam the river at the foot of each of the rapids, thus 
_ providing for navigation t throughout the whole cance 
the system as an In doing this, the 


permitting 


Of course, the e tourist will complain that he ‘the 
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_ Mr. Holgate. rapids,” an en it 
a  & is considered that carrying out such a work will provide a vast amount 
: > of power, and also will improve a great international water highway, 
_ the argument of the lover of wild Nature can have little weight. ==> 
a In some cases the construction of such works would not be justified 
- — the result were only the production of power, but coupled with this 
there is the possible improvement to navigation, and the two results 
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~The relations between the Nations are happily such as to render 

ag it possible to bring about a solution of the problem, and if they co- 
| operate, the St. Lawrence may be made a gigantic power producer, and 
more important water highway than itis now. 


Attention is next drawn to the possibilities offered for the develop- — 
ment of water-power east of Quebec, on the rivers flowing south into © 
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a haustive study of the river, with this end in 
] is. this ‘the increasing value of power 1s 
view ; particu » of this water route. 
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DISCUSSION 


Large developments a are re possible on the Saguenay, Bersemis, God- 
bout, Outarde, » Manicouagan, Manitou, Romaine, St. John, and Natis- = 


- quahan Rivers. A. development of 1 power « on n St. Marguerite River, 
made by the writer, is used d for the manufacture of wood pulp. 
oe An unique situation. occurs about 200 miles east of Quebec, where — 

A the Outarde and Manicouagan Rivers enter the St. ‘Lawrence about 
5 miles apart. ‘There, within a radius of 5 mi ‘miles, the writer has 
‘examined three possible developments, the combined horse-power of 
which would be 6000000 


All the water- of the. St. Lawrence close to tide 


Fi 


becomes a pronounced possibility, -water- -powers will become 
—, useful; at present they offer inducement principally to 


cs Winter conditions, of course, are severe in this district, but not so- 
severe as to affect operation materially, and the larger the river, the 
tess trouble will be experienced in the operation of the power. 
a Plate LXXVI, a map of this district, shows the location of ‘the 
rivers, and it should be noted that the distance from these points 1 to 
Europe is much less than from n any of the Atlantic ports. ee _ 


The water-y -power possibilities of Canada are widespread and very 


great, and under wise direction, with the rapid growth of the country, — 


is reasonable to expect a great advance in the ‘utilization and 
development of hydraulic power. Though sections the 
country where important developments are in operation have not been © 


‘ mentioned, ‘it will be seen that much has yet to be done before the 


resources of Nature are even | partially made use of. 

Electro- chemistry, requiring large quantities of power at low cost, 

will find a great field. in the water- -powers Canada, and will no 


doubt a assist in the early advancement power development. 
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is not responsible, as a for the facts and opinions advanced 


N CONORE TE INFORCED ONCRETE, 


OBL: E, S. 


 & the minority. on practically every cr: criticism | offered. Most of the con- 


ea. 
— 


clusions in the Majority Report are merely stated without demonstra-_ 
tion of their correctness ; reasons for assumptions are” not set 


forth. In a report « of this kind, the ‘members: of the Society should 
be furnished with the data. in order to enable them to judge of the 


"correctness of the Committee’s conclusions. 
te 


if this were a body of laymen, and ‘the ‘Special Commis 


and reinforeed concrete, ‘the form the 

_ might be accepted as correct. . But these conditions « do not obtain, ss 
- the members of the Society are entitled to the data and the reasoning _ 
which _have led to the conclusions. It might even be helpful if the 


- deduction of the somewhat « complicated formulas were also included. | 


The writer strongly concurs in the recommendation of the minority : 
that the report be referred back to the Committee for ‘revision. q 
following are some of the points that seem of further 
Common Salt. —There i is good reason for believing that when com- 


mon ‘Salt, or sea salt, is mixed with the concrete, either to prevent 


or by reason of the use of sand or gravel from the seashore, 
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| conerete is in n a damp location. “Tt 
not to be to determine the facts once for all. 
stable manure may y have an acid r reaction, but the 
Ww irrese has recently seen statements from expert chemists that manure. 
and urine are both alkaline. _ The chemists differed as to whether | or 
not water that had filtered through manure- and urine-soaked ground 
would be deleterious to green concrete. , Mi the members of the majority 


are in possession of ‘positive evidence on these points, they should 


. Ens nsilage. —The writer has seen a well-hardened concrete silo’ badly 

pitted after one season’s use for ensilage made of ‘green ¢ cornstalks. 

As this use of concrete is likely to increase, such action should be 

Oils.—The of positive evidence to the 
‘different. oils, with a definite statement of the origin and comin 


those an injurious effect, would be 


The treatment ‘conerete as a fire- resisting: material by the 

M: ajority. Report is inadequate. Igneous ro rock | is not necessarily the 

aggregate. often ‘Spalls | badly, and may | be less desirable than 

limestone, notwithstanding | the inevitable calcination of the latter. 
3roken bricks, broken terra cotta, gravel, _ furnace slag, and clinkers _ 

all good agg gregates for fire- resisting concrete—better “ak 

_ than any kind of broken stone. - Concrete not only suffers dehydration < 


{ ina fire, but it often spalls i in the same way as granite. The thicknesses aa, : 


hed, 


a 


‘recommended by the Majority Report for fire-resisting “purposes a are not q 
"sufficient to provide for spalling, and should be regarded as the mini- 
allowable under the m most favorable _cireumstances. A higher pis. 


standard should be set for more severe conditions. The desirability 
possibility of freeing” the fire- -resisting -covering—at of 

the 

ed. 


an r Fe: when designing the mid- section of a beam, and a value of 8 when | 
an er . computing the deflection of the | same beam. te If the methods, assump- 
a ie tions, and notations of of the majority be adopted, it will be found : that 
i in “designing rectangular beams when fs == 16000, 650, and 


com- od 15, — = 0.0077. If are same beams be analyzed for it 
will be found that if 4 — 0.0077, f, = 16000, and N = 
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Mr. Sewell. There i is s little doubt 1 that, for 1:2:4 concrete at an age of three months 
er ee and upward, the true value of N is more nearly 8 than 15. 985 Ib. 
per ‘sq. in. seems high for fer yet no one doubts that the value of 


0.0077 is, in most cases, safe enough, even if it is intended to 


allow f, to reach a value of - 16 000 Ib. per sq. in. It seems to the 
writer both simpler and more accurate to determine the maximum 
allowable percentages o of reinforcement from tests, and then to design 
the mid- section without reference to either V on or fe. i 
The matter of web stresses and ‘diagonal tension very inade- 
quately covered by the Majority Report. If it is unsafe to count on 
the tensile strength of the concrete to resist horizontal tension, | it is - 
~ equally unsafe to count on it for diagonal tension, wide a complete 


Ss stresses - in the web. The ultimate solution is to provide a complete 
system of inclined web members, rigidly attached to the horizontal 
reinforcement, and designed and Spaced to. take all the tensile web 
stresses; they should extend to the top of the beam and be designed 
so that their adhesion in the compressed part of the concrete will 
a dev elop their full ‘strength. | The writer enunciated this | principle, a as a 
result of Soaveen study and a few isolated experiments, more than 
five years ago. The recent - experiments at the University of Illinois 
and the University of Wisconsin, in his judgment, have proven it 
correct. The recommendations of the Majority Report do not cover 


the aot and do not ; establish a definite standard Borat the design 


In practice has been of this kind. judgment, the recom: 
ie for the design of T-b beams in the Majority Report v would 
not suffice to avoid ‘designs dangerously weak under the web stresses. 

layers of bars, one above the other, should not be allowed. 
definite statement as to how the stress from ‘the bars is” to be trans- 
mitted through the rib and into the flange of a T-beam should be made 
a part of the report. _ The vague requirement for “ ‘effective bond” at 
junction of rib slab is not sufficient. A study of current 
soon convince one that. “it is dangerously ‘inadequate. 

A definite standard should be established. a The effect, of great depth, as 

compared with the span, in it increasing the danger. of failure under 

stresses, should be treated at 
Eh; ~The writer r feels that recent experiments afford sufficient data for 
a a much more positive stand than has been taken by the majority on 


“this: general Its position ‘points i is 
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4 or imstance, the tests reported in Bulletin No. University 
isconsin, show that loose stirrups are more efficient when inclined 
when they are port 
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that inclined stirrups must be rigidly attached, while vertical ones aan Sewell. 
- may be loose, seems to demand explanation. | It is a little hard to see, see, * 
also, why the | Majority Report selects 75° as the angle of inclination. 
The tests in Bulletin No. 197 indicate that rigidly attached 
members, whether inclined or vertical, are more efficient than loose 
ones; a and that rigidly attached bers are much more efficient when 
inclined at an angle of 45° than when vertical 
“many advantages of attached members 
‘seemed so obvious to the writer that he has ; often wondered why ~~ .. 
many engineers | have refused to admit them. > 3 has occurred to him — 
that the reluctance to commit one’s self to a patented article 1 may have 
_ influenced many purely professional engineers to a greater or less 
extent. It may be of interest to such men to know that the writer has” 
had opinions from at least three competent patent attorneys and one - 
patent expert, that the broad principle of attached web members 
-publie property, and no valid patent, except on particular methods of 
applying it, can be ve obtained, or is in existence. At least three methods 
of applying it have been patented by three different inventors, and 
the writer has applied it successfully and economically with commercial 
bars, in a way that is not patented, and) which, - in the opinion of at 
least one competent patent attorney, cannot be patented. However, 
even if the broad principle were covered by patents, if it is the true 
solution, it should be adopted, and the inventor should get his reward. 
The writer asssumes that the Corliss valve gear was once patented, 
but if so, mechanical engineers did not deny their clients the ad- 
4 v vantages of f Corliss | engines until the the expiration of the patents enabled 
any one to make and sell them. 


The wslieer has not had time to investigate for himself the majority’ s 
_ conclusions with reference to these members. But, in ¢ any event, these 
 conelusions should be supported by a discussion of the data from which yf 
ee were derived. © if banded columns" are to be used, it would seem 
that the bands” should be designed, where the together, so. 
as to develop the strength of the material » would also seem that a 


‘column should not be aeons as hooped 0 or r ban nded unless the hoop- 


2 


Current practice affords: many instances of vicious and inadequate 


design of f footings. Mg ‘This subject demands attention quite as much as a 


a __ There are many other points, such as permissible heights of rein- 
forced concrete buildings; splicing « of steel bars in ‘superimposed 
columns ; details of design at juncture of columns, beams, and girders, _ 
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stresses; v resistance to earthquakes, 


i Bone and vibration ; design | of ¢ outer walls and partitions in reinforced — 


concrete; and design. of structures as a whole, which demand aig : 
and on which the present state of the art affords, at least, » a — 


The writer feels that the Majority Report does not do 
_ the able personnel of the Committee, and sincerely trusts that it may 


ee 


be r referred back and carefully r re onsidered. 


Noble, CLARENCE W. Noster, Assoc. M. Am. Soc. C. E. (by letter) .—The 
importance of the work of this Committee cannot be exaggerated. The 
Society has rarely, if ever r, appointed _a committee whose work has 


a wide scope and is of prime importance to the 


The ‘public: expects that engineers will be governed in their work 


7” In their anxiety to 0 satisfy perfectly t the he first requirement, engineers © | 


must not overlook the fact that the second requirement must also be | 
considered. Ifa a design is the of material 


The of economy my must not be forgotten i in ‘present 
 guteetes oe have a large amount of information 
the “stresses i in a reinforced concrete beam when merely, 
supported at the ends. _ They. have a certain amount of information— 
and need considerably more—regarding the stresses in reinforced 
‘concrete beams when incorporated with others in floor panels i in pperaad 
building construction. series of f carefully observed deflection tests. 
ia - taken on buildings which have been constructed and are in actual use. 
a one time the writer had one of his designs submitted to su ch 
tests. He designed the reinforced concrete floors for a large denomi- 
national school. It happened that the architect did not belong to. the 
same religious denomination as the school, and that he let the work 
at a cost plus percent. basis to contractors who did not belong to this — r 
= denomination. Later it was decided to extend the building, and con- 2 
tractors: of the same religious belief as the school | made a 
attempt to discredit the architect the | of the 
a width as great as the length of the panel. “The loads were 


so as to avoid arching, and deflections w simple 
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system of levers which multiplied the actual deflection by ten. The Mr. Noble. 
deflections of the adjacent beams were also noted, where they could be pee 
detected, and subtracted from the slab deflections. The results were 
entirely satisfactory from the writer’s rs point of view, and the experience 7 
obtained was of considerable value, 
These slabs were supported on the exterior brick walls | of the 
building corbels, immediately above which there was built a 
Rites 
reveal about 24 in. . deep. Ins cases the interior supports con- 
sisted of reinforced concrete beams and in some eases of brick walls. 
All the bars were ordered long enough to lap well across the interior — 
brick walls or concrete beams at the top of the slab, the intention being” ; 
to build the concrete slabs across the walls and then continue the walls a 
ie 
— them. : contractor, however, cut all the rods where — lapped 


were supported on brick walls at both ends, some 0 on brick walls at 
only one end, and some between two _ reinforced concrete beams. sss 

» _ While the deflections noted could not be actually predicted theoreti- 
L =| ; 7 cally, o owing to lack of knowledge of the properties of this concrete 7 


at the age at which these tests were made, the relations between the _ 
deflections of different. slabs could easily be predicted. 


In order to ‘make a comparative study, all the deflections noted 


esent = ;, “were reduced to terms of the deflections of a standard panel of : a given ¥ 

ation depth. The ‘assumptions ‘made were as follows: 

ercly ' T he deflection | will vary directly as the load applied, directly as as the ; 
ion— of the span, inversely as the square of the effective depth, 
orced ersely as the amount of reinforcement. = = 
etual One. e of the test loads covered a panel only half as wide as it was 
tests” Tong, and ‘one of them, a short one, exhibited only ‘one- -fifth of the 


expected | deflection. These two results are ‘rejected the following 


such on two ‘brick was considerably greater than that those sup- 
nomi-- ported on two beams, although there seemed to be no difference between 

o the slabs having two beam supports and one wall support. a 
‘work . it it is assumed that the error arising from the use of the same | 
0 this — de nominator in the bending- -moment formula is directly il 
| con- ain all cases to the variation in deflection, as exhibited in these 


follows: 
"Supported ‘both 
ends fixed, 
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consideration is given to the fact that the slab supported on 


brick walls at both ends had a certain amount of negative reaction, the 
_bending- moment formula will he a as follows: 


In ie weiter’ s opinion, the latter a assumption ‘most nearly represents | 


the although, in his practice, he uses te slabs supported at 


an 


one wi fixed at one end, and only used where an ample 
amount of negative reinforcement is provided above the beam. 
. It is quite desirable t that this matter be thoroughly investigated 
experimentally, as as there is probably at other point a greater 
- opportunity for economy than in the proper study of negative moment 


discussing floor slabs rodded in both directions, it must be 

- remembered that the ratio between the loads transferred to the —_ 

- beams and the shorter beams is not fixed by a any yy mathematical formula, 

% as is the case where the slab i is a plate equally able to transfer stress 

in all directions. On the contrary, the distribution is quite largely 

under the control of the designer, and depends on the ratio between 


— J ferred to the longitudinal beams is the same as that transferred to ae: 
transverse beams. The slab can be considered as divided into four 
parts by its diagonals. 1 Each of these four triangles will be equal in 
area, and will represent the equivalent of the load transferred to the 
beam which forms it its base. _ The center of grav ity of the load, however, 
is one-sixth of the span from the supporting beam, while if a 


_ diagram is drawn for a slab rodded in one direction only, the center 
- of grav ity is one-fourth of the span away from the beam, and the 
Toad is twice as great. — For this reason the writer considers 1 that only 
a as much reinforcement in each direction is needed to > secure 
‘equivalent carrying as compared with vith the sl slab in one 
an order to assure iis conditions, the long direction | of the s b 
 Taust be the more heavily reinforced. As the ratio between the 
tudinal and transverse directions increases, the reinforcement in the 
longitudinal direction increases v very rapidly and soon eliminates any 
economy resulting from the consideration of change in position of 
center of ‘gravity of in load. This is quite in distinction with the 


“result of variation in ratio between een the two sides of the panel, when 7 
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this case the allowable saving in remains as 

ever, while the longitudinal bars in the extreme case must disappear. a 

In order to compare the proposed bending- moment formula 

the result of the known tests, the writer has computed by this formula — » ad 

various beams Teported as being tested by 

comparison is 1. In these comparisons 


beams as by tension the steel are used. 


1.—ComParisox or Bre REPORTED IN BULLETIN No. 1, 


Unive ersity oF IL LINOIS, | Wirn Proposep: ForMULA. | 


metal, | Kindof steel. formula, actual test, 


safety. 


oo 


= 


— 


High carbon.... 

4 High carbon.... 

High carbon.... 
High carbon.... 


carbon. 


.48 
0 .40 
1 31 
1 17 
2 
1 
1.20 
55 
1 38 
0. 00 
0 72 


~The average of safety of the nine beams reinforced with 
mild steel is 2.3; the greatest variation from this ave average is 31 per per cent. 


carbon steel is 3.61, and the from the | average is 
11 per cent. The writer was much surprised to note that the use of | 
high-carbon steel was evidently considered in the proposed specifica- 
tions as of somewhat doubtful value. He was also surprised to note 
low factor of safety, as shown by 1 the formula, when compared with 
these tests. It would be interesting if the Committee would explain 
these conclusions were reached. ‘Surely the proposed specifications 


should be amended so that high- carbon steel can be used at a —- . 
Stress somewhat near the same fraction of i its elastic | limit | as 


writer r must confess to a respect f for Te- -rolled rails. This 
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Mr, Noble. tomed, therefore, to > ae rails of all sizes indiscriminately into rein- 

forcing bars. The same shipment would contain material from rails 
of 90-Ib. weight: containing from 48 to 58% carbon, and rails of 
50- Ib. weight containing from 35 to 45% carbon. As a result, the 
product | had a wide variation in elastic limit, and has come to be 

- regarded among engineers as unreliable and unsatisfactory. re 
The writer has recently | been n using considerable q quantities of r re- 
rolled material from a mill which makes a practice of selecting only 
the smaller rails for concrete reinforcement, and of testing carefully 

the product. a series of thirty-four tests, made recent 

average elastic limit was 63 000 Ib. sq. in, the 

average ultimate strength, 109 300 Ib. per sq. in., and the average 
elongation, 14.07 per | cent. On a series of 142 tests of this 
q taken just as they r: ran, the highest elastic limit found was 94 000 Tb. 
oe, _ and the lowest, 45 200 Ib. The highest ultimate strength was 137 900 tb 
and the lowest, 66 500 Ib. The number of bars having an elastic limit 
below 5000 1b. was only 8, and the number of bars having an elastic 
 jimit above 75000 Ib. v was 10. - Only 4 had an elongation below 10%, 
27 had an elongation 20 per cent. Bending tests showed 
ee of these bars would bend around twice their own 


diameter provided the bend was made a have if it was made on an 
| break 


: = the vibration to which it is ‘subjected. » Neither of these reasons apply 
s reinforcing bars. ‘They are not punched o or sheared, are bent more 
_ economically hot than cold, and are not subject to any great amount of. 
vibration. For this’ reason the writer prefers high elastic limit 
ductility, particularly as high ‘elastic limit is so sededine of economy. 
In the writer’s opinion, the practice proposed | by the Committee has 
S two faults which, in a measure, ‘compensate each other. In the first 
place, the factor of safety resulting from the proposed formula 
moment of resistance is too low. a In the second place, p1 providing a 
sufficient negative reinforcement i is used, _ the e factor of safety resulting 


from the proposed bending-moment rep too high. ‘The result, 


apt to vary if applied rigidly to cases s which <difler from ordinary 
Rossen, M. Am. E. (by letter). careful 
~ " consideration of the reports made by the Committee, in the light of 
papers and discussions published previously i in the Transactions of the 
‘Society, the writer is of the opinion that some of the points made by 


Be Minority Report, i in the second and ‘third ‘counts are not _ without 
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examination, the objection of the minority its Mr. Russell. 
poe seems to be on the question of the scope > of the inquiry. The — 
= has gv gone beyond that field of construction which is subject. to 
practical experiments, chosen certain forms of construction 
~ presumably i in ‘common use, and it may be thought, therefore, that the 
has discriminated other forms of construction. 
In the writer’s judgment, the report could be made ‘stronger and 
more effective by limiting the field so. as to confine the recommenda- 
tions to matters which can be determined by practical tests. To this 
should be 2 added, however, a plea” for caution in applying the recom- 
mendations of their proper scope. In other words, the Com- 
mittee should make recommendations for the design and for unit 
stresses to apply to rectangular and — T-beams supported at the ends i 
and for columns in axial compression. Sufficient experimental investi-_ 
gation has been made to warrant such. “recommendations, 
_ would always be subject to proof or correction by subsequent tests. ee 
3 In the field of continuous beams and other complex structures, the 
Committee should avoid making definite recommendations; but, 
order to prevent wrong uses, of its specifications, it should certainly 
eall attention to usual errors in the design of | such structures, such as — 
the omission of top reinforcement over the supports of continuous 
beams, lack of provision for eccentric loads, temperature stresses, ete. 


a. he report could be made to conform to the lines herein suggested : 


—_ much alteration in form, and it an oe offer much Tess ~ 


in the third count of ‘the minority, as the 


working s stresses recommended would be in the > field of practical tests. be 4 


oJ. R. Worcester, M. Am. Soc. c E— ~The 1 reasons of the ‘minority Mr. — 


of the Committee for not signing the report, of the majority are, in in a a : 


—That the report is without careful considera-— 
2.—That it refers to one type without 
enough to be applicable to designs which the future may develop. 
3.—That the working stresses recommended are not supported by 


—That the acceptance of report would tend 
The 2 duties of a special committee of this Society are not definitely — 
down, but are controlled by the of the committee itself. 
dires ’ the question of 
“els concrete. ‘reason for | its was s the realization 
by the Society that there was grave danger in the 


use. of without investigation and 
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Mr. Worcester. determination of properties, and the of knowledge 

based on such studies. At the time, the reinforced concrete trade was _ 
controlled mainly by companies claiming proprietary rights and special 7 

knowledge of ‘properties, and the public was dependent on the cata- 

: logues and contracting agents for information a as to what dimensions 
details to us use. same time, many ‘contractors, in absolute 

. _ ignorance: of the science, were claiming that they could handle the 

materials as well as any one. City authorities | were being beset with 
applications for building permits based on material not ‘mentioned 

2 their laws, and were in “grave perplexity as as to what restrictions to 

impose. The cement manufacturers were as much troubled as con- -_ 
‘gumers | over the situation, realizing the danger to their trade from 

reckless use of their product. Under these circumstances, the Com- 
- mittee’s understanding of its duties was to make sufficient study of the 
_ properties of concrete and reinforced concrete to enable it to lay down Z 
rules for proportioning, which would result in safe 
tion. . While the Committee has never formally adopted this’ wording — 
as the « objective at which it aimed, it seems to the speaker to have been 

4 so. admitted, tacitly, by all members. Nearly five years elapsed from 
- the time the Committee was ‘appointed until this progress report was 
x presented, and it can hardly be urged that undue haste exhibited 

in giving something to the Society. To be : sure, not all of the time was: 


a of the work, and the aiellen: of the time in the accumulation of 
a. During the five years that the Committee has been in 
existence, many of the reasons for its” appointment, have disappeared, 
4 through the untiring efforts of _many investigators and the gradual 
ane dissemination of knowledge. It is probable that if its report were 
a 
delayed long” enough, it might be saved the trouble of making any 
report at all, as it would not be n needed. There still remains, however, 
a considerable divergence of views on many of the ‘points treated i in 
the report, as is evident from criticisms which have appeared. As to 
a form of the report not being correct, the majority would gladly 


see it improved, , but considers form subordinate to substance. = 


answer to the criticism of the minority that the report treats 
f one style of construction only, it may be said that it deals with 

every, kind of stress to which concrete is "subjected, , and includes all Th 
ordinary conditions of proportioning and handling. _ If, in the future, 
new methods of designing introduce conditions not covered by these | 
ules, they may be studied as developed. It is undoubtedly true that 


designs, indeterminacy of by the 


— 
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“ied 
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“may well deserve experimental study. ihe existence of such designs, 
however, should not delay a report on other types which are in universal 
use. and have been carefully investigated. 
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Committee did not aie it necessary or ed to submit with its 
4 report the voluminous data at its disposal. Many of these data are ? 
already » in print, and tl the remainder are likely to be published sooner 

or later. Zz they were all reprinted at this time, they would be of 
little use except to an investigator with unlimited time at his disposal, — 

“who wished to check the deductions made by the Committee. More- 

over, recommendations, particularly those contained in Articles 

TO, IV, V, and VI, are largely the outgrowth of the experience in actual — 
construction of members of the Committee and many others, rather 
than any definite series of tests. The majority feels safe in asserting — 
that no recommendation is made in the report which is not based 
on good grounds. questions to specific points in the report 
will be gladly welcomed by the Committee, an and, in answering such > 
questions, the majority may perhaps set at rest any doubts as to the 

ac 

sufficiency of evidence on which the recommendations are based. = 

last charge of the minority, n namely, that the of the 


‘serious, and, if substantiated, would be sufficient reason for ‘the refusal ” 
of the Society to give credence to the report. It is difficult to meet — 
as sweeping assertion of this kind without specific mention of the 
particular features which it t is based. The fact that, since its 
"presentation, this report has been freely criticized as being too con- — 
-servative, is an indication that much ‘of. the practice of the day 
more radical than that recommended. Tt may | be, as asserted, that 


“the 3 number of disasters i in concrete structures has not diminished, a 
but rather increased,” but the “minority cannot mean _to imply that 


: _ with the recommendations of the report; and, it may be stated further, — 
- without fear of contradiction, that no failure has occurred in which 
—-* down | in the e report h have not been distinctly violated. 
In recommending unit stresses, the Committee has advised safety 
factors higher than those allowed i in steel construction, and everywhere 4. 
has correlated them t to. the quality of the concrete used, sc so as to insure 
the preservation of the desired factor. In the principles of design, no 
refined ‘mathematical theories advanced, but assumptions are 


have been amply proved to be and the Committee 


In conclusion, ‘the to. view of the 
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Mr. Worcester. facts, the statements of the ss are not substantiated. - Believing 
that concrete and reinforced concrete have become established among 

the most useful materials of construction, and are being ‘used i in every 
~) branch of engineering more extensively every day; that ules for the 
‘use of these materials have been adopted already by many nations, as 
7 well as municipal governments; that other technical societies are adopt- — 
rules based on no more complete data than are available to this 
Society; and that construction will not await absolutely complete 

~ seientific demonstration of a a material | before adopting it, are we not 


der 
justified in advancing, in a progress report, tentative conclusions? 


Douglas W, J. Doveras, M. Am. Soc. ©. E. (by letter) has 


.: 4 read the Minority and Majority Reports of this Committee with much 
interest, ‘and desires to offer some criticism. He is of the opinion 
= the ‘report of the majority should be adopted, after some changes: 
a have been made in it and after additional matter has been inserted. _ 
_ In regard to the Majority Report, the writer is of the opinion that 7 
it would have been strengthened very much if the data on which the 
- permissible unit stresses were determined had been stated, and, while 
_ approving in a general way of the unit stresses adopted, he thinks 
that it would be a serious mistake to adopt the report without such a 
additional information as would permit the ‘Society to use the > 
a gested unit stresses with | a better understanding of the basis on which - 7 
= were determined . One should bear i in mind, in using the § stresses a 7: 


recommended, that they are based on first- work, and are high, 

unless the work is to be executed under ed competent supervision 

than reinforced concrete work, general, receives. Most | 

departments, improperly, do not require competent certificates of 
cement and steel tests, and are not equipped with competent inspectors, 

- ra: and such departments would not be justified i in using the high stresses _ 
a allowed for concrete in the Majority Report. _The writer believes that 


Ave 


a0, the report should be referred back for revision, in order to perfect its 
_ usefulness, but he is strongly | of the opinion t that it is | basically excel- 
- lent, and needs only slight revision, in order that it ‘may serve n more 


ne @ 
fully the purposes for which it is intended. 

In considering the Minority Report, it be well to note that 
the art of reinforced concrete construction is severely criticized, such 
terms materia s, and unscienti being 


at this time,” ‘it is shown clearly that the minority somewhat 


against this type | of construction. 


Plain concrete or “massive 


a 


in which the 
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| are compressive.” This includes in many cases, Mr. Douglas. 
_ arches. Tt is thought that this latter statement is somewhat 
leading, in that steel reinforcement in arches of ordinary rise and 


7, would as to all classes of 
design and not specifically to concrete work. 


ot The writer thinks that it would advisable to add the following 
Paragraph 4 of this article: T he design should ‘show typical laps 
bends and typical slabs, beams, girders, and ‘eolumns, p properly 
dimensioned, to insure the packing of all steel members. All beams 44 
which have 1 been figured upon, ir in the design, beams, should be 
ses. on the plans, and, if a a sufficient of shear bars have 
| been incorporated in the design to take the entire” horizontal ‘shear 
hat between the stems and the flanges of the T- beams, this also should be 
nile - regard to load tests, Article II, Section 3, it is believed that the 
nks ‘test. loads should not exceed twice the live load, as otherwise the 

uch elastic limit of the steel reinforcement n may be exceeded. Bee aes ; 
a 1a The addition of the following is suggested to this paragraph : Tests: 


finished surfaces of strip and strip filling have not been placed). ——‘_ 
= Tests should be made with materials, ‘such as water or sand (not 


- should be made on unfinished floors (that is on floors uy ‘upon which the 
sion aa in bags), which do not arch themselves. Concentrated test loads 


ling should not be > used | except to determine the efficieney of the floor or system bs 
of | to withstand concentrated loads. 
In Article ITI, Section 2, it is stated: 


_ “Mortars composed of one part Portland cement and three parts a 
1a ‘ fine aggregate, by weight, when made into briquettes should show a 
tits | = strength of at least 70% of the strength of 1:3 mortar of the a 


same consistency made and standard Ottawa 
This requirement, and one \ is seldom incor- 
such In ‘Article it ‘that ‘the reinforcing steel 
yeing fal th the requirements for structural steel. ‘This is thought 


“The 
, but 
yriate 
what 


be an unreasonable requirement, except. where the reinforcing steel 
of built- up structural members. Such_ reinforcements, of 
FE course, would receive the same injurious: treatment (such as punching) * 

that. steel members receive. Nor does it appear to 
"advantageous to exclude high- -carbon steel, if such steel gives’ 


bending tests. ‘There can be no reasonable doubt that, for reinforcing © 
conerete, steel of a high elastic limit has 


of a low elastic limit. 
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Mr. Douglas. | In | specifying the quality of reinforcing s steel which is to be bent, 
5 only, | and then rarely, at angles of less than 90°, it should be sufficient — 7 
stipulate ultimate strength, elastic limit, and bending 
~ quality. Cold bending gives the best test to determine the suitability — 
of steel reinforcement, and it is easily made in the — 
50% of its 


t 


cold 180° around own ‘fracture. For sizes 3 greater 
diameter without fracture, except in cases where all bends n necessary 
' % in the construction are to be made hot, in which case the | steel should — 
bend cold 90° around its own diameter without fracture. In the case 
_* flat bars or structural shapes, the reinforcing steel should be bent 
cold around its own thickness, or twice its thickness, respectively. 
Tests on the ultimate strength, elastic limit, and bending quality of 
steel should in form (as. to in which 


= in. in diameter, i it should bend 180° around twice its own 


Bars showing fractures at not be 
All reinforcing steel should be free from paint, dirt, oil, | grease, 
and rust flakes, before being encased in concrete. 
Pe is thought to be egenngury and unnecessary to stipulate that 


Bes vs In Article IV, Section 3a, it is stated that t special care conn be 
exercised to "prevent the formation of laitance. writer knows of 
= way of doing this. The only practical way to prevent the formation | 
of such a large quantity of laitance as will do material harm to the 
a. is to lay the concrete as continuous work, and as quickly 


In ‘Article V, ‘the Committee does not go very deeply into the 
question of forms, and as this is. of vital m moment, , the elaboration of 
this article, to include the following requirements, is suggested: 

All forms—and- supports for forms—should be strong and stiff, 
a true, , out of wind, practically unyielding, and sufficiently tight to hold 
liquid _mortar without leakage; their interior dimensions 
2 should conform to the dimensions of the concrete sections shown on 
=I the approved plans. The lagging—when lumber lagging i is used—should 
be of a good quality « of lumber, dressed to matched sizes. This lumber 
sh should be dressed on one face ‘and two edges, except when the exposed pie 


surface i is to be plastered, in which case e the dressing should 


hs 


| 
— 
— 
— 
— 
— | 
— | 
| 
| 
— 
— 
— 
€ 


L COMMITTEE oN CONCRETE 945° 
rms which, , at any time, become twisted or warped, should be Mr. Douglas. 
removed or adjusted before conerete is placed within them. 
All forms—and supports for forms— -should be designed, to carry 
willie ies weight of the forms, the liquid concrete being a assumed to — 
weigh 150 Ib. cu. ft. and a live load, in addition thereto, 
the floor-slab_ area, of 25 Ib. pe per sq. ft. _ They should also be dutaned 
to withstand safely a wind pressure of 20 Ib. per sq. ft. upon all sur- 
~The forms for beams, girders, and lintels should be designed so that 
at least one side of each beam and girder and lintel n may be removed 
without disturbing the bottom portion of the forms and its supports. 
All posts supporting forms for slabs, beams, and girders should rest 
upon wedges which may be loosened and removed without seated 
| which are to be ‘supported. by the ; ground should have ele 
Toads: distributed by spread footings, so that there may be no appreci- 
- settlement of the posts due to settlement of their foundations. — 
Columns with or without bands or hoops and with vertical rein- 
foreman , in which there is a clear s space of 5 in., or more, between 
the vertical units of rods, bars, or shapes, | and where the vertical bars 
are wired so that the clear space between wires in the same horizontal 
plane i is not less than 8 in., and where the vertical reinforcement has 
no attached web or shear members, should be poured—filled with con- 
-crete—for heights not exceeding 20 ft., without leaving one side of the 
column form open, except that, at the bottom of all columns, one side— 
of each column form should remain open ‘until about an hour before: 
the filling of the column form is begun. 
All columns not conforming to the above should 
one side of each column form open until concreting is begun ini it, 


ad it ‘open | side should be lagged up as the concreting progresses, — 
but in no case should the top of this lagging be more than 3 ft. above 
In the case of columns of ‘circular cross- -section, the phrase, “ one 
: sa ” should be taken to mean that, in horizontal cross- “sections, 
at least one- sixth of the ‘perimeter of the ete form should be open. — 
shavings, chips, sawdust, and other foreign matter should be 
4 While agreeing with the report as to the time of the removal o 
forms, a general minimum be stated as 


ture does not fall lower than a few degrees below freezing) should be 


imbe lengthened i in the lower latitudes and shortened in the higher 
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= 


_ Form orms should not be removed in edad than is sp ified below: 


‘Slabs and lintel to jo November 


5 


More than ft. and less than 13 

and lintel forms, November 1st to. April 1st. 12 


“the above times of removal should be estimated from 1 the time t the - 


eonerete i is completely placed i in any section of the work. 
Before undertaking to remove any form work, the ‘superintendent _ 
or foreman in charge of the work should. ‘satisfy himself as to the 
condition of the concrete, and if it does not ring when struck by 
i ~ hammer, he should call the attention of the. engineer to the sam same and 


delay the nena of removing the forms until the hammer test is 


Before removing the temporary supports of the and girders, 
at least one side of the adjacent column forms and one side of each 
beam and girder form should be removed in order to expose the 
a concrete to view, so as to give evidence of the soundness -— hardness 


When forms are being removed, ‘there should be no load up upon the 
& ‘portion of concrete affected in excess of one-sixth of the live load 


for which the portion : affected was designed, unless temporary posts 


are are left in to take care of such load. 


Reinforced concrete floors—this does not apply to reinforced con- 


erete ‘slabs laid upon steel beams and girders—should supported 
by continuous lines carry 


removed at s ‘such times as the upper floors hardened sufficiently 


The times of removal given hereinbefore are based on the assump- 
tion that the upper floors are sufficiently strong. to earry ‘their own 
weights, or that continuous lines of vertical posts | ave been provided A 
to take care of the upper floor loads. 


Article VI, Section 1, it is stated that ‘in columns, large bars 


@ 
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Columns and wall forms, April 1st to November ist...... 3 days. 
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or is that ‘it should he specifically 


of requiring bearing these requirements should read, pearing: 
plates or or bars. Wide _ plates a are , objectionable - where columns rest upon > 


spread reinforced concrete footings, on account of making a horizontai— 


In Article VI, Section 2, it is stated: 
“Girders should never be constructed over columns 
permitting a period of at least two hours to elapse, thus pro-— 
viding for settlement or shrinkage in the columns.” 
Tt ‘is an open question: whether or is necessary to pour a 


column in advance of | the girder which it supports. The writer 


recently poured columns 42 ft. in length and immediately on ‘their 
completion, the cross-girders were poured, and the work is entirely 7 


satisfactory. _ About the only condition which would make any differ-_ 


| ence would oceur if the girder set up more rapidly than the column, 7 
= in n the case of a very large column, as in a lower s story of a building, © 
a 


supporting a small beam, in which case the column concrete in setting 
rob the girder concrete t the detriment of the latter. And it 
f urther | appears that if it were necessary to have a time interval between 
be the pouring of the columns and ™ he girders which they support, two 
hours would not be sufficient. 
In Article VII, Section 4 it is stated that: “Massive, concrete is 
i also a suitable material for arches of moderate span where the condi-— 


_ tions as to foundations are favorable.” This sentence would conform 
. ‘i more closely to the accepted practice if the words, “of moderate | span,” . 


— In Article VII, Section 3b, it is thought that all beams and slabs" 

estimated as continuous or restrained beams should have their span 
7 lengths: taken from center to center of supports, and that the load upon 
the beams and slabs should be taken on the clear spans. In simple 
beams and slabs the span length : should be taken from center to center 
of supports, but should not exceed the s span n length 1 plus the necessary 
bearing length. The span length plus the the depth may result in an 
Section 4, it is thought that a better shaped T- section would 
result if the additional restriction were made that the width of the 7 
flange should not exceed five times the width of the stem. ee aon 

It is thought that the following additional restrictions might 

properly be added : shear “are necessary to take care of the 
shearing stresses, they should extend at least to. ‘the center. of the 


slab, and there should be sufficient | steel i the slab to othe 


? 


| 
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Mr. Douglas. beam or girder to take care’ of the negative bending moment in in the 7 
; a slab, and said steel should be located so as to take care of the negative 7 
bending moment effectively. This restriction is important, because, if 


- the n negative bendiug moment is not taken care ¢ of, the beam } may erack 
e and reduce the effective width of the flange below that calculated 7 
The writer would suggest the ‘following at ee wa ‘of Article Vil, 


- When the bottom reinforcing bars are bent up at the ends of a 
for shear. and negative bending moment, care should be taken. 
that the bottom bends are not made so close to the middle of the 
beam that there is insufficient horizontal reinforcement 1 near the sup- 
ports to take care of the 2 positive moment. 


In ‘Article VI, Section | 1, ‘it is stated in th the last paragraph that: 


otk one-half diameters, center to center, nor should the distance a 


a the side. of the beam to the center of the nearest bar be less than two 
hoa The clear spacing between two layers of bars should not 


‘The wr writer is of the opinion that the allowed “spacing of 
bars, in systems which provide proper spacers or separators, may be 
if less than in those which do not have such spacers or separators, because, 
in the latter er systems, the horizontal bars become more closely bunched 
together than the drawings indicate. In man. many cases they are found in 
contact for a considerable portion of their lengths, - 
If there are two layers of bars, those of the upper layer should be 
- spaced farther apart than those of the lower layer. If there i is a third - 
~ layer, the spaces between the bars of the uppermost layer should be 
‘still greater than those between the bars of the second layer. Pi a. 
is thought that the introduction of the expression, “diagonal 
‘vce in Article VII, Section 8, may be somewhat misleading to 
many, at and, ‘as the report of the Committee does n not include any 
formula for diagonal tension, but only for shear, it would be beter 
not only to omit this expression, but to state clearly that if the vertical 
4 and horizontal shear are taken care of properly, the e diagonal tension — 


ae Onyx page 104* general rules for shear reinforcement are given 
the Committee means that it is good practice to allow a value of 
120 Ib. per sq. in. for shearing stress in concrete, it would be of 
“2 interest to the Society to know the experimental data on which this is 7 
based. These general rules ‘might be better divided into: | [ 
— For beams ns having horizontal bars only; BaeY ee 
a For beams i in which the shear is - partly taken care of by bent-up — 
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Under Section 8 it would be advisable to. prohibit eccentric Mr. Douglas. 
attachment of shear bars to round rods, because this, eccentric attach- 


ment tends to cause these bars to rotate, and thereby decreases the 
Tn Article VII, Section 9, it is stated: “Tt i is that 
the ratio of the unsupported length of a column to its least width be — 
limited to 15. ” The writer | does not believe that the r ratio of the un-— 
supported length of the column to its least width should be limited” 
to 15. This seems to be an unnecessary requirement to put o on the 
designer who will occasionally need to support light loads, such as 
7 roof loads, by the u use. e of long columns, and if he reduces. the working 
stresses in the conerete and steel, there is no apparent reason why 
he should not use a column twenty-five times its least width, if this 


column i is properly reinforced. It is suggested that, o on the basis of the | 


higher ratio of to least width is used, the. ‘unit. stress” 
in the concrete steel be reduced on the basis of the following formula _ 


gr one similar thereto: oe 


-> 445 


F? being the unit stress (from 450 to 600) ‘aed in or column 
concrete for ‘columns in which D exceeds 15, and F,? ee 
stress allowed in the column concrete for columns i in which p's : 15 0 


Under Section 9, on columns, it would be ye advisable ¢ to “9 


to divide the column in its horizontal cross-section into aiusieaiins 

the concrete should b be regarded fire- proofing only. For 


instance, where the steel is in n the form of an I or star shape, and in 
| which the reinforcing steel extends to within a few inches of the out-_ 
etter side of the concrete, it would not be good practice to assume that the 
tical concrete would carry any portion of the column load. By hooping the ~ 
nsion concrete it might be made to carry its portion of the load, but such > 
design would be manifestly uneconomical. __ 
On ‘page 105,* working stresses in the for various ~ 
le there any reason for allowing as hi high stresses in the concrete 
of a structural reinforced column as in that of a hooped column? — 
One cannot regard column built of structural shapes as” hooped 
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‘Mr. Douglas. It is thought that the allowable unit stresses in d should be inte r- 


mediate between those of a 


connection with the working stresses in columns, the writer 

thinks’ that in a and d, a limit to the percentage of steel reinfore e- 
ment should be stated. . A high percentage | of steel, say 9% or 10 %, 
would cut up the column concrete so that it ‘would not be safe to stre 88 

it as highly as if a lower percentage of steel had been used. 


The writer suggests the consideration of a specifica tion gene 


in accordance with the following 
For the sake of stating ay general rule, 600 Ib. per.sq. in. is assumed 


we In columns with Diettatiiad wi reinforcement only, the following unit 
‘per Square inel inch will 


“ere 


columns not laa 5%, reinforcement 600 Ib. 
columns exceeding 5% but not exceeding 6%, 515 Ib. 
For columns exceeding 6% but not. exceeding 1%, | 550 Tb. 
For columns exceeding 7% but not ‘exceeding “Be , 525 Ib. 
For columns exceeding 8% but not .exeeeding 10%, 500 Ih. 


VIII, Section 2, states: 

“When compression is applied to a surface of conerete larger than 
ia loaded area, a stress of 32. 5% of the compressive ‘strength at 28 
days, or 650 Ib. per sq. in, | on the above-described concrete, may be 
allowed. This pressure is probably unnecessarily low when the ratio 

of the stressed area to the whole area of the concrete is much below 
unity, but is recommended for general use rather — - variable unit 
It appears that ‘the allowable 
stated too indefinitely, and that the pressure allowed is low. _ a 


‘The rule which specifies the unit pressure “when 


gives the designer too “Fo or | might ped 
ines the of the higher allowable compression, when the surface of 
the concrete was only 5 or 10% greater than the loaded d area. On 

te other hand, if the area of the concrete surface was ten times 
loaded area, the allowable unit stress is | 
a ‘The writer would ‘suggest the following, which he believes is based 
on tests, and on sound logic, independent of recorded tests : ee 
When a compression of three times the loaded area an and less than 
ten times the loaded area, oe applied to a surface of concrete, a com: 7 


pressive stress 800 Ib. sq. in, of the loaded area will be 


th Article Section 6, it is noted that adhesion allowed 


or drawn wire is less than that allowe e reason for this 


= 
— 
— 
— q 
| 
— 
| 
q 
= 
a 
— 
— 
— 
— 
— 
— 
— 


Papers.) DISCUSSION : REPOR SPECIAL ON ON CONCRETE 

te 


i not app apparent, because, while it is salt ilies: cross- section, 7 3 is far ue Mr. Douglas. 


from strani ight, 
--'The writer would suggest the desirability of publishing, as part of 
this report, the correct method for applying the shear formula given 


page: 118,* a as the average engineer engaged in. reinforced conerete 


work finds the application of this formula somewhat difficult, = = ~~ 


For simplification, the writer advocates that the shear in 


and continuous beams be assumed as equal to that of simple beams. _ 

The following ¢ additional data are believed to be worthy of con- 
sideration i in the formulation of general rules for the design and con- 
struction: of reinforced concrete work, and might properly be 


sidered. the Committee, should ‘the report be referred back for 
After the concreting of a slab, beam, or r girder is begun, it 
be carried on continuously until the full depth of the slab, beam, or 
girder is reached. By “continuously”, is meant that adjacent 
~ conerete should be placed within 90 min. of each other, = 
Ww hen T- -beams or T-girders have been figured on in the design— 
which should be "indicated on the plans—the slab should be laid co1 
tinuously with the beam or girder concrete. 
Bea ams and girders v which are calculated 2 as s simple beams, but are_ 


| 


than 


t 28 continuously over supports, should be reinforced at the supports, 
y be in . the upper | portion of» the beam or ¢ girder, with steel | having a a Cross- 7 " 
ratio 
elow 7 section 1 equal te to one- quarter of the cross-section of of the steel necessary = = : 
unit _ in the bottom of the beams and girders at their “middle. ‘This upper : 
a reinforcement is introduced in order to prevent cracking, and should a 
ais 2 extend a sufficient distance beyond the center of the | supports in order &§ 
7 “a to develop adhesion equal to the strength of the upper bars, on the ~ 4 4 
basis of the allowable unit stresses given. 
rea,” | Reinforcing steel for slabs, calculated to carry stresses, should not 
take he spaced farther apart two and one-half times the depth of the 
eof ff 7 slabs, for slabs not exceeding - 4 in. in 1 depth, and 1 not farther than twice 7 
On ; the depth of the slab, for slabs exceeding 4 in. in depth. oo << or 
the tension 1 members, for "slabs, beams, and girders, should not 

de spliced except over supports. 


The depth of beams and below the bottom of the 


3 7 slabs, in the case of T-beams—should not exceed three times the width _ 

com: = he steel of beams and girders should be designed so as to tie the a. 
| area Notehes in the walls to receive the bearing en ends of slabs should 
0 Tb. ‘ not be permitted, unless the height of the ‘notches b be three or more times a 
their depth—horizontal dimensions being measured at ‘right angles to 
lowed wall, Where notches are used at the bearing ends of slabs, the 


this 
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“their depth, cd into the notches to at lest ona 


Floor slabs designed to carry heavy concentrated loads should be 
“provided with transverse as well as a8 
to distribute the concentrated loads. 
In combination concrete and tile er and entire > 
live loads should be assumed to be carried by the concrete beams. _ ’ on 
7 At floor levels, where all the column reinforcing rods are designed 
to 0 abut, additional steel rods should be used to tie the columns in 
consecutive stories. This steel should have an area of at least two- | 
thirds of 1% ‘of the effective area of the column, and should be of | 
~ such length that the adhesion will develop the strength of the bonding 


spliced farther than 2 ft. from floor levels§ 

Where steel reinforcement is not required in for « 

pression, an amount of steel at least equal to two-thirds of 1% of the 
 eross-sectional area of the column should be. used. 


Longitudinal should not be butted 
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-RESISTANT C SONST RUCTION OF F BUILDINGS. 
‘An Informal Discussion at July y 8th, 1909. 


By Messrs. Henpeet M Winson, R. W. Ricuarp L. 
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Herserr M. M. Am. Soc. C. E. (by letter).—The inventory Mr. Wilson. 


of natural preparéd by President Roosevelt’s Conservation 
Commission has | opened new lines of thought and investigation to the © = 7 
Engineering Profession as well as to other departments of the social = ba 
Architects and — in a general way the was 
of property values involved in building and engineering construction 
not designed to resist such destructive agencies as fire and earthquake. 
. examination, however, of the statistical ‘results presented 
o the Mineral Section of the Conservation Comm omission shows the 
tes of the waste by differentiation into its components of lumber, 
masonry, steel, and miscellaneous building material. ete. 
_ As many of the members of this Society well know, the Conserva- 
tion Commission was divided into four Sections, charged with the 
study of the waste of natural resources, as follows: (1) Water; (2) 
7 Forests; (3) Land, and (4) Minerals. - The Federal Commission was = _ 


fortunate in having at its disposal ‘the accumulation of more than a 


the investigations of the problems under consideration, foremost : among — 


_ which were the Geological Survey, the Forest Service, and the — 


: “mission is Dr. Joseph A. Holmes, Expert in Charge of the Technologic i 
Branch of the and to the writer, as Chief 


The Secretary of the Mineral Section of the Conservation Com-_ 
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r. Wilson, of that branch, was assigned the inquiry ‘into the waste of 
resources involved in building and engineering construction. He is 
- indebted to Dr. Holmes and to the Director of the Geological Burve ey, 
Dr. George Otis Smith, for permission to present to this Society some 
of the results of this investigation. 
The Supervising Architect of the Treasury Department has under 
his | control public buildings costing more than $200 000 000, and is 
spending g each year more than $20 000 000 in . the niretion« of new 
- buildings. At his behest, in order that he may design these buildings 
so as to render them most resistant to fire and earthquake : ata minimum 
expenditure, i inquiries are now being conducted in the field by economic 
geologists skilled in the study of the building stones, gravels, sands, 
and clay deposits of the country which are most “suitable and most 
cheaply accessible to the three hundred cities scattered throughout the — 
United States in which p public buildings a are now under ‘construction 
or projected. The samples are transmitted to the Pittsburg Laboratory 
of the Geological Survey for analysis : ‘and test as to. their qualities 
either as aggregates for concrete or building stone or 
a In co- -operation with the U nderwriters’ Laboratory at Chicago, and 
independently at the Government Testing Laboratory at Pittsburg, 
investigations are being conducted into the 1 rates of conductivity, and 
the fire-proofing and fire-resistant properties of various structural ma- 
terials, including strength under load before and a after subjecting to 
fire. Tests of the crushing strength of large samples ot of building stones, 
of beams, columns, and floor-slabs | of concrete and reinforced concrete, 
and of building brick and tile, a1 are likewise being ‘conducted in order” 
to determine which will give the most efficient results in building -_ 
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struction of the highest ty pe. This feature of the inquiry has in view 
the fact that the Government should maintain as high a standard of | 
efficiency in the construction of public buildings is commensurate. 
with economic design, since such buildings are intended to be of a 
oe permanent and enduring nature. The magnitude and importance of 
_ this work are such that the Government cannot afford to take , any risk 
concerning methods of construction or materials to be used. ‘The fact 
ae the Government does not insure its buildings against loss” by fire 
makes it especially 1 necessary that it be provided against such loss by 
making” ‘them fire- proof. It is estimated that if the public 
of the United States were insured ed, the cost to the Government would 

A startling fact developed i in cuneate the value and fire risks Po 
Government, buildings is that the total cost of fires. cons 
to almost | one-half the cost of new building « construction in the country — 

= for the year. The cost, of building construction | in forty-nine leading 

of the United States reporting a population of “ess than 


000 000, $661 021 286, and the cost of building const 
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tion for the entire e country in the same year is conservatively estimated Mr. Wilson, 

7 at more e than $1 000 000 000. <A preliminary inquiry had shown that — 

7 the cost of fires to the people was nearly $500 ) 000 000, for the year 1907. .- 
‘The preliminary estimate that nearly one- -half the value of all new 7 
Be constructed in the United States in one year was destroyed | 

by fire, we as sufficient warrant for a thorough statistical inquiry, , which 
weld develop the facts for the whole — United States, in connection: 

with the specific inquiry for the | Government regarding fire-p -proot and 


ngs -arthquake-resistant construction. This inquiry included value of 
um property destroyed by fire, the maintenance of fire departments, the 


mic payment of insurance premiums less the benefits protective 


nds, agencies, and: the additional cost of city water supplies, ‘ete. It has 
nost developed the fact that the total cost of fires in the country in 1907. - ‘J 
the amounted to more than $456 485 000, or about. $1 250 000 daily. This 


+ oe was, five times as much per capita as in any country , of ——, 
a 

of the gold, silver, copper, and petroleum This ‘cost 

Ps greater than the true value of the real property and improvements — 

one_of the States: Maine, W est 


This means that the total ‘of real property. 


mae - in any one of these States in a year would not represent a loss greater ss 
g to than that caused by fires in the whole United States. 
actual fire losses due to the destruction of buildings and their 
rete, contents amounted to $215 084 709, or a a capita Joss for the 
| These actual fire losses are the true of the real 
view property in the States of Utah, Delaware, Florida, Idaho, Wyoming, or __ 9 
rd of | Nevada. If a storm or earthquake devastated any one of these States : 
completely, there would be a great outery. Assistance would be rushed to a 


urate 
of the people; a mighty attempt would be made to find a remedy 


ce of for the conditions, aid the activity would not cease until the remedy 
had been found. But, with. the fires scattered throughout the country 
fact and the loss. distributed among hundreds of cities and towns, there is 
y fire > ‘no appreciation of the seriousness of the conditions, ns, and » very little 
wn by attempt t to better them. In many cities a big fire loss for the year is” 
dings looked uy upon complacently, as it natural and unavoidable 
— oa a condition. _ The ‘significance of these figures lies in the fact that the 


in the cities of the six leading 1 1ations of | Europe ‘amounted 


ks of 33 _cents capita, or about o one- -ighth the above. In 


unted 
untry 


5 654 injured in fires. set forth, at the recent 


— ¢ ‘onservation meeting of the Engineering Societies in New York City, = 
by Mr. Charles Whiting B aker, the buildings in the year, 


frontag re, would have lined both 


if placed on lots” of 65- -ft. 
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“this street of desolation would have passed in every thousand feet a 
a. ruin from which an injured person w was taken; at every three-quarters 
of a mile in this journey he would have encountered the charred 
remains of a human being; and, when burned out, at the end sl a 
year, the fire would begin all over again on an even longer street. 5 a 
An analysis of these fires losses, with a view to making the results 
of the ‘structural materials: useful not only to the 
Government, as the greatest consumer ¢ of such materials, but. also to 
_ the various | States and municipalities, an and to the people of the. country 
as a whole, showed that it would be desirable to point out, not only 
the most efficient methods of construction for each locality, but also 
how such improved construction might be brought within the cost 
limits of all the people. = this. analysis, the fact stands out promi-— 
—o much of the fire waste is due to fires extending beyond > 
the losses due to « exposure were not the ‘most conserva- 
tive estimate indicates that at least 27% of the losses resulted from ’ 
fires extending beyond the building of origin. | Thus nearly | one-third : 


of these losses are due te to the inflammable construction of American 
buildings, for in Europe, , where fire-resistant construction prevails 
building boner are designed and enforced with a view to restrict- — 


‘om exposur 


alow: burning construction, while double that or 000 000, 

was in frame buildings. — 

- ‘The investigation into the actual cost of fires in the United States 
was quite thorough, and included a complete inquiry into the total 
cost of water-works systems and the part of the construction and eq equip- 


ment, the annual expense, depreciation taxes, interest, and mainte 


premiums paid to the insurance companies above the losses paid by 

them; $28 856 235 as the total annual expense of the water- works ‘up | 

keep chargeable to fire service; $48 940 845 as the total annual expense 

of fire er and $18 000 000 as the total annual cost of fire 


: e The results of this general ing auiry into the causes of fires are 
. A careful examination of Table 1 “tells the story to the engineer. 
— studying it, he should bear | in ‘mind that, in the last thirty years, 
the total fire “waste, being» only the value of property destroyed, 
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TABLE 1.- IN ror Fire Protection, AND > ANNUAL Loss a AND EXPENSE ON Acoounr oF Fire, IN THE 


Investment in Annual 


Fire Protection: INSURANCE 
Amoust of fire premiums paid abov: ee 
argeable to fire (b) 245 671 676 1 676 
chargeable to fire service... $66 482 220 i 
. 2.016 927 tons of metal.. 668 
_ Separate high-pressure fire service 
Total annual expense of water-works, char; reable to fire service. eeees 
2 Depreciation and taxes, water-works, chargeable to fire nahin 
Interest charge, water-works, chargeable to fire service. . 
char water- le to fire service.. 
RE DEPARTMENTS : oe 


_ Total cost, construction and equipment, ‘private fire extinguishers, automatic sprinklers, ete... 
Total annual private fire 


Total ire waste, 
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. This is 22% of the total cost of water systems, domestic and fire service combined. a) vas ee ane 4 
. $245 671 676, cost of water-works, chargeable to fire service, capitalized at 4% interest, is equal to an annual charge of $9 - 867. = 
. $107 068 524, cost of fire departments, capitalized at 4% interest, is equal to an annual charge of $4 282 540, — ae 
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Mr. Wilson, _ The general inquiry included not only | the cost of fires in the United 
- States, , but also the cost in Europe, including fire waste, excess of 
premiums over insurance paid, annual expense of city water- ‘works and 

fire departments chargeable to fire service, and private fire protection 
in a number of countries. _ From the results obtained, it i is evident th: at 7 
‘the | United States is pay ing ‘annually a preventable ta tax of more e than - 
+ $366 000 000, or nearly enough | to build a Panama Canal each year. 
The es estimate gives the total cost of res in the _— States, if 0000 


‘TABLE 2.— 
 Accounr OF Fires; Pros. ABLE 


‘Loss and Bump DINGS Were » as Fire-p PROOF 


aS IN Europe. 
United states, | 
if buildings 
States, were as nearly 


Total loss by fire. . $215 084 200° $41 000 
Excess of premiums over insurance paid..| 145 604 362 “td : 28 000 000 
Annual expense of water-works,chargeable) 

to fire service 856 6 000 000 


Annual expense of fire departments ....... 48 940 845 10 000 000 
private fire protection.. 18 000 000 5 000 000 


Total fire waste $156 486 151 | gs. 


$215 084709 | $2.54 $41 000000 | $0.48 
“241 401 442 2.82 000 000 05 


_ In Table 2, and more particularly in’ the following discussion, it 
should be _ borne in mind tl that, while fires will continue to occur in 
buildings and destroy them and their | “contents to a a greater or or 
extent, the fire which extends beyond the building of origin and to its 
neighbor, and» thereby produces a conflagration, does so only because 
the building construction is of the most inflammable nature. The 


a costs | which are here recorded, and exceed in . amount those due to fire 


waste, are preventable only in so far as they are an incident to con 


od flagration conditions as distinguished from fires restricted to the buil d-— 


om ing of origin. _ The statements set forth relative to the possible reduc: 
tions ir in the cost of fire departments, city water supply, and private 
fire pro protection. charges, ‘must be considered only in connection with 
those service charges wh which are due to combatting, ever- present 


n Francisco’ by fire’ and earthquake 1906 amounted to about 


The insurance and property loss in the destruction of the City o of ‘ 
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$315 | 000 000. - The area burned was 8 000 acres, embracing | 

blocks, « on which 25 000 buildings wv were e destroyed, and it is notable a 


of these only 3 000 were of brick or stone, and 22 000 were of frame — 


actual cost: of fire protection in ‘al i ‘its is more than the ‘he 
Ww waste, it is fair to assume that more than $1000 000000 has been ex- : 
pended in this period in an attempt to to take care of these conflagra- - — 
tions. This, also, i is an unnecessary expenditure, if European standards 
are considered , and makes a total tax from conflagrations alone since — 


1866 of more than $2000 000000. This is true because the conflagra-_ 
tion loss in any of the European countries is almost nothing. — «wt is 


: indeed ra rare when a fire extends beyond the building in which it starts. 
Notable conflagrations i in the United States have been those of 
Chicago, i in 1871; Boston, in 1872; Baltimore, in 1904; and San Fran-— 
cisco, in 1906. ~The year 1908 has a — ation — exceeding that 
of 1907, Mass., involy- 


of the in the States in 1907 i ‘is given 


“TABLE 3. —Fire Losses IN THE ror 1907. 
«Bt Statistics Gathered by the Inited States Geological Survey. 


ry 


$215 084 709 
“Fire loss: buildings ® 109 156 894 
Fire loss: contents 927 815. 


Total, brick, etc., fire loss 425 267 
Brick, etc.: fire loss, 31 092 687 
332 580 
Frame fire loss: 78 064 207 

Frame fire loss: contents... 


"Total nun number of fires. . 
_ Number of fires in brick, etc., —- 
Number of fires in frame — 


Loss'per capita... 


= 
#3 rom Table 3 it appears ; that the loss is rather evenly y divided 


between urban and rural population. The large losses in cities and 
are not for not only do contain many ay inflam-— 


d 
f 
1 
n 
it — 
n 
IN 
AL 
2107 093 283 | 991 426 
107 093 283 | $107 
~¢ 178 625 889882000 
48.908 744 19516 523 — 
f 79816474 | 11276-2138 
80867151 47 707 056 
59851 
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Mr. Ir. Wilson, losses in rural districts, where buildings are widely separated, can only 


ae 7 be e explained by the ‘aon that the remarkable efficiency of the 
departments ‘prevents even greater losses in urban fires, and 
that the buildings ‘and contents in in the rural districts are generally 
- totally ' destroyed when fire breaks out. — This is indicated i in the total 
of the building losses, which ‘amounts to more tha an $50000000 in 

- cities, while in ‘Tural districts the loss in buildings, as distinguished 7 

from contents, is nearly $60 000 000. The contents in cities 
: ~ amounts to nearly $57.000 000, as against $49 000 000 in rural districts, | 

though 1 the contents of city buildings amount in value to several times ; 
_ those i in rural districts. _ The much heavier losses in masonry buildings 
in cities as compared with those in in the country are due to the rarity 
of buildings « of this character in rural districts. The’ losses in frame 


= 


s compared with losses in buildings of the same character in =: 
mee: , amounting to nearly $48 000 000, can be attributed to the 
ciency of the fire departments and the utter lack of such protection _ 

in rural districts. — In European cities, the construction of frame 

"buildings is absolutely prohibited in all municipalities, and “hay are 

~ erected in rural districts, owing to the relatively high | price of timber, z 

In the United States, the conditions | are the reverse. . Until recently 


timber has been the cheaper, | as well as the more easily worked, mate-_ 
vial, as compared with brick, stone, and steel. More than two- thirds 
of the total loss in the United States in 1907 was due to frame build- 

ings. The exact losses were: $146 695 442 


425 267 i in steel buildings. 


_ abundant, posta is an eee per capita loss of 59 cents ¢ over + the per 


— loss i in the States. 


TIMBER Is ‘Scarce, axp ELEveN ‘States 


Statistics Gathered by U. S. Geological 


States having. of timbers: Towa, 

Okla., Conn., Del., N. J.. 8. Dak I 

Kans. Nebr.. and N. Dak 16 785 460 606 
2, Timbered States: Wash., La., Tex., Miss., teers 
is., Ark., Mich., Pa., Minn., Ore.,and N.C... | 25569533 895 950 


sses | y geographical d 
- division generally used by the Census Bureau—as set “forth ‘int able 
; 5, a remarkable feature is the large per capita loss in the ‘Southern 
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“sal aii $3.66, or more than an $1, 00 in excess of the per capita’) Mr. Wilson. 
loss in any other division. . The ca cause lies in the fact that the Southern 

‘States are well timbered, and, addition, suffer from the = 


of inefficient fire protection in the ities and; villages. yee 


TABLE 5.—THE PER Capita ‘Fire E Losses 1907 IN THE 


Graves, as as SHOWN BY By Divisions OF ‘THE STATES. 

Statistics G Gathered by U.S. S. Geological | Survey. 


= 
Division, Total | Total | Fireloss 
population. | fire loss. | per 


rity North Atlantic: Me.,N. H., | 

South Atlantic: Del, D. C. Va. W. Va, 
000, | | 11.574 988 840 349 2.19 
the North Central: Ohio, Ind., Til., Mich., Wis., Minn., | 

"Towa, Mo., N. Dak., 8. Dak., Nebr., and Kans.” | 29 026 645 | 2.87 
the South Central: Ky., Tenn., Ala, Miss, La., Tex., 
| 16 868 558 3.66 
ction Western: Mont., Wyo., Colo., N. Mex., Ariz., titah, — 
Nev., Wash., Ore., and | 12 676426 | 2.650 

mber, Statistics gathered by United States consular officers i: in Europe, at 
ently , the: instance of the National Board of Fire Underwriters, showing fire q 
mate- losses i in six of the most prominent of the European countries, give 
thirds the surprisingly low per capita loss of 33 cents, Had the United States 


build- 


: such a per capita loss, instead of one of $2.51 for a total estimated 


“ie ‘population for 1907 of 85532 761, the total fire waste w would have 
5 amounted to only $28 623 290, or a saving | of natural resources from 


ply is is fire, alone, to the extent of $186 461 419. 

he per r | These facts are set forth in Table 6, iii shows that the a average 

en “loss per capita | is is $0.33 33, as compared with $2.51 in the United States. 


Statisties Gathered by T The National Board of Fire 


‘Table 7 is a comparison mn of “America’s needless. waste and Europe’s 
prudence by grouping | the pe capita losses in cities of approximately © 


the same size in the two countries. 


_ 


n Table 
Southern 
Southern 


“4 
rs. 
the — 
— 
and al 
otal 

ities 
icts, 
— 

» — 
ea 
19022 | 27655600 | 56367178 | O49 
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TABLE 7 to IRE ‘owen IN AMERICAN AND EUROPEAN OF THE SaME Suze. 
Ss Statistics Gathered by U. S. Geological Survey and B 


R 


EUROPEAN LOSSES FOR 1904, a3 4 ‘i _ UNITED STATES LOSSES FOR 1907. 


| Population. | Fire loss. [Per capita. Clty, loss. 


France ..| 2714068 | 1266282 | 


Frankfort, , Germany...... 
Ohio.. 


France 101 602 Atlanta, Ga 
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Molenbeek, 67 || Ind.. 


Wis.. 


Mr. Wilson. 


: 
— 
962 DISCUSSION ON cction 
— 
| ge 
— 
— ra 
— 
— 
— 
| 
| q 
— 


Papers. ] ON ON FIRE- RESISTANT CONSTRUCTION 
a Realizing t that the loss from fires due to the destruction of cial Wilson. 
was. into’ cost of water | supplies necessary 
bating conflagrations. T his inquiry developed the fact that in 1907 
the water-w works | systems of the United States s were valued at 
$1 129 247 532, the cost chargeable to domestic service being accepted — 
as $883 575 856, and that chargeable to fire service cia 671 676, or 22% © 
cofthewhole 
In these systems the pipe used amounted to’ 7 097 800 tons, of which © 
5 080 873 tons were used for domestic service and 2 016 927 tons for fire 
service. | The total number of hydrants: was 420 394, and the number of © 
hydrants ir in fire service, 350152. The cost of hy drant fire © service was 
$29 761 400, and the value of established or contemplated high-pressure 
fire systems amounted to $22191388. 
The facts covering the property values involved in additional wiliiee. 
supplies for combating fires ° were secured after much difficulty, and, 
as any engineer must know, are neither as complete nor as pets orl 
ss could be desired. . 1 To engineers | and superintendents of water-works, 
5 700 report blanks were mailed and an extensive personal correspond- 
ence was taken up in order to secure data which were not furnished on 
the first call in such condition as would make them useful in the inves- ‘, 
tigation. 2 Only a small percentage of the replies were complete enough _ 
_~ use in tabulation. Under these circumstances, recourse was had 
to the total cost of water supplies, as secured by the census for cities a 
_ having a population of 30 000 and more and owning water-w works. — Data 
for ‘ties having a population of | less than 30000 were obtained from 
the ‘ “Spectator” s Year- Book.” These data were then segregated to 
show ‘the total cost under five geographical divisions of the United 
States, and, finally, the total cost in each of these geographical divi- 
sions: was subdivided in order to show the total cost in cities of four 
classes of population, as follows : Cities of less than 5000; between 
5000 and 30000; between and 10009 000; with more than 
By adopting the same plan of classification in tabulating | the reports 
received from and superintendents. of water- -works, who gave 
detailed information, it became possible to apply percentages to 
total « cost of water-works s sy ‘stems for the corresponding geographic divi- 
sions and classifications by sizes of cities, and, from these, the results 
en were obtained. The geographical divisions are arranged in 
accordance with the different requirements in the various localities, 
and are the result of personal inspection and interviews with hydraulic — 
engineers and. "superintendents of water- -works in a number of typical 
cities throughout the United States. In the prosecution of this in- 
auiry the w writer received much valuable advice and assistance from 


any members of this Society throughout the ieee States, » several 
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‘ain were In this manner, only, has it been possible 
to arrive at any reasonable approximation to the additional cost of 

water supply a’ and water distribution made necessary by having a reserve 
for fire fighting under conflagration conditions. 


7 ‘This i inquiry was not based on the idea that -water-" works : are consid- 7 
ered for two purposes of equal importance, viz., domestic water service © 
re-protection service, but on what it would cost for water- -works 
‘ystems for fire protection alone. governing idea has been to ascer- 
. tain, in any city having a a modern w: water- -works s system, what it would have - 


cost, in the matter of storage or pumping capacity, in the extent and 
_ dimensions of the distributing system, and in the number of hydrants, 
_ should the city design them anew with a view to supplying only 
domestic n needs and such minor service as would permit fire fighting, 
_ with a view to confining the fire to the building of origin, with the 
latter built of fire-resistant materials. 5 In the New ‘England and Mid- 
- dle States much consideration has been given - to the subject of increas- 
water supplies which were not originally planned to meet the 
ra - enormous growth in ‘population which has taken place i in the last two 
— - decades. Pumping service and distributing systems in the hearts of 


such cities have had to be entirely replaced with larger primary sup- 


i z - plies, and in some have had to be duplicated. In a few cities a separate 
j i high-pressure fire service has been installed. On the other hand, through- 
: 4 out the Southern States, this feature of increasing existing ‘supplies > 


Central States, the | city si service was originally designed i in the light of 

the most modern needs and practice. In the Far Western States, 

especially in the small places, the requirements of domestic supply, ¢ on 

- account of irrigation of gardens and city yards, preponderates to such : 

an extent that practically none of the water supply has been considered 

as of _account for fire protection, the domestic supply being of such | 


has been given little consideration. In the more modern cities of the 


‘This is less wee in cities with of m more. 
1) 000. In the humid regions the domestic requirements are so ‘great 
in cities of 250000 or more inhabitants, that but a small percentage 
— the water supply need be considered as of account for fire protection. — 
| For these reasons the subdivision was made by population as well as by 


careful consideration has been given these matters from time 
nt ied to time in the past especially by J. T. Fanning, M. Am. Soc. 0. E. In 
paper on “Distribution Mains and Fire Service” before thi the American 
“Water Works Association | in 1892, he considers: that domestic con- 
sumption n for all purposes may | be treated uniformly as 663 gal. _ per 


apita } per day, as compared with the very much greater p per capita supply 
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‘furnished .i in the large cities on account | of fire | service and ne Mr, Wilson. = 


consumption. For or a city of average population, say 100 000, he adopted 4 


a rate of flow” for fire service of 10000000 gal. - day, and for com- 

bined domestic and fire service, 16 666 | 666 gal., r about 60% of the — 

water supply on account of fire service. In a hae: paper, before = 

same Association, at its Twenty-sixth Annual Convention, Mr. ‘Fan- 


ning ig furnished some additional information on this subject, in ‘which 
he found that the portion of the main required for the domestic flow - 


2 at the times when there is also a fire flow, and for different populations, 
ascer- was as follows: for 5000 population, 11.24%; for 10 000 population, 


have 19.52% ; for 25 000 population, 43. 75% 5 for 50000 population, 57.14%; 

t and and for 100 000 population, 88.89 per cent 
rants, The outcome o: of the investigation by the Geological Survey indicates - : 
only | that, on the average, for the whole United States, 22% of the total ‘d 

hting, _ expenditure on behalf of public water supplies, or less. than one- nefourth 

h the the total cost of: -water- -works systems, is is due to the additional sup- 

Mid. = necessary for protection against fires of such magnitude as may : 

creas- be propagated beyond the building of. origin. ‘The range in this addi- | 

q 

ot the ‘onal cost has been found to be practically from zero zero Up to 60% in ¢ 

st two “certain classes of small modern cities. 

rts of : It will readily be seen that this great cost of water-works charge- 

y sup- a able to fire protection could be obviated to some degree if fire-proof 7. 

sparate | construction were as good in the United States as it is in Europe, and © 

rough that extent the additional expense and use of necessary materials 

of the . 4 The losses in natural resources due to fire waste are not the ‘only 4 

ight of “prev ventable losses. Those resulting from earthquake are also. great in 2 

States, a amount and are equally preventable by the adoption of proper design a 

ply, on. and materials in the construction of public and private edifices. ¥ i 7 4 

to such | cently, commenting on the most terrible earthquake disaster of modern R 

sidered en that at Messina, Italy, the Italian Ambassador, Baron Edmondo q 

re than “My Government has many things for which to thank the seonle 7 

great of America since the earthquake in Southern Italy besides the great 

onal a monetary assistance and the sympathy we received. We are grateful 
Ce A — for the scientific information we have received and the invaluable hints 

tection. — which have been given us by the United States Geological Survey. 

I] as by a — This information will be of more lasting benefit to Italy than ev en 

the great sums of been sent to our people.” 

In This statement of the Italian Ambassador was based on the 

merican given to his country in bulletin relating the San 


tie con Franciseo: disaster, the work of Richard L. Humphrey, Frank Soulé 

gal. pet and John Soc. oc. for the Structural 
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Possible n means of the « enormous waste due to fires, con- 


—By tests and determine the fire- 
resisting properties of building materials, the the relative rates: of heat 
conductivity of such. materials, and ‘the development of systems of 
construction which offer the maximum resistance to fire . These tests 
should have in view the | classification of the order of merit o of ‘the 
building materials, and the  cheapening of cost of construction by the 
use of those best suited to the purpose, since cheaper materials ; are 
7 not often. used through lack of knowledge of their availability and 


(2) —By dissemination of information regarding the less. in- 


materials of construction, their strength and durability, the 
7 - methods of utilizing them in building construction, and the availability 
of the most suitable. of these materials 1 near the locality in which they 


By tests and investigations at the sites of such disasters 


those at Messina and San and dissemination of infor 


a w —By the enactment of b building codes and the enforcement of 
the same with the view ; to securing more fire- resistant and more fre 


proof construction. In] European cities the erection of wooden | build- 
a ings is prohibited, and the ov ersig rht of brick, stone, steel, and cement | 
construction is such as to diminish danger from fire due to defective 


flues, poor electrical wiring, ete., and to. » confine the fire to the building 


e unnecessary 


and i iron, are not by any means, but are even 
: ae In order to obtain the best use from these materials in 
the future, ‘they must be used with a less lavish hand. ‘means 
increased cost in the: very near future. 
es 


hone rate of consumption is curtailed, they « cannot last beyond the middle of 
the present century. There are, in addition, 59 000 000 000 tons, or or 
nearly twenty times the amount of low- “grade iron ore, which 
_doubtedly will be used when | the | conditions of the market warrant it. 
To increase the life of these iron- “ore supplies, it is evident that = 
for the more ancl timber and the more limited ~~ 
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‘materials is evidently of prime necessity. The first source of such 
waste has been shown to be fires. A second source, and one closely 3. 


related to fire losses, is that to waste of iron and steel placed 


underground in city water mains or in pumping plants, on account of 
fire and conflagration protection. A third source of such waste is that | 
due to improper mining methods, whereby the whole product is not 

extracted; and an even greater source of waste is that due to improper 7 
or improvident. methods of preparing the minerals for market both in 

shipment and i in the metallurgical processes. Perhaps ' the largest waste 

structural materials is that due to of knowledge of their 

strength. Engineers and architects adopt working» stresses for con- 
crete aia metal construction from one-fourth to as high ¢ as one- eighth r 
of the supposed working strength of the material. This means that 7 
- from three to six times the n necessary quantities o of such materials 1 may — 

be used and, as a result, present systems of 

In order that this waste may be brought to the attention of - 4 
public and the law- makers, and in order that the discrepancy in cost 

~ between wood and less inflammable materials of construction 3 may be © 

reduced, thus encouraging the use of non- -inflammable materials, 
_ investigations on which the above data are based v were enietales. 

1 It is believed that through dissemination of information as to the local 

qvailebility of ‘cement- making materials, of gravel ‘and sand suitable 

for concrete construction, of clay suitable for brick- and tile- making, 

* and through tests and inv estigations which w ill show the most — Ca 

_ priate method of mixing and proportioning these materials, and of 

them with the minimum amount of each material which 
suffice its purpose, will the cost of construction be reduced and the use — 
ithin the past few ears 1S have been made in the 

p ye 
"substitution of iron and steel for wood, to the investigations of 
eng eng ineers, physicists, and chemists into the properties of these materials — 

—_ and the | great amount of attention given to their fabrication by manu- 


and the better of and use ‘of. the clay 
and stone. With these objects in view, the Government, as the largest — 


consumer of such materials, is undertaking such tests and investiga 7 
_ tions as. as may develop the most suitable of these less perishable building — 


ular 
view establishing of the properties. of these materials the 
Suggestion n of improved methods of manufacture wi 
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N FIR ON 
Mr. Wilson. ‘economy, ‘methods of mining» marketing» in order to 
‘See _ improve the quality, reducing the quantity and cost, and extending the 


of such materials. The investigations include the assembling 


information relative to the most fire-resisting and fire-proof forms. ae 
gonstruction, | the former for the prevention of conflagrations due.to 
ss: secondary or exposure fires and the latter for the prevention of the 
destruction | of the buildings in which the fires originate. The tests 4 
also include investigations to prevent the loss of materials by the action — 
of salt water on t the isthmus of Panama and in gov ernment and muni- E 
6 cipal sea-walls and piers, and also to prevent ‘the loss of materials by ; 
the. action of alkalies in the arid region, by electrolysis in cities, and 
by other” destructive agencies. The average architect, engineer, or 
contractor « does: not take chances in the use of unfamiliar 
or designs, but confines himself to those of which he has knowledge 
as having proven moderately successful. Authoritative investigations, 
— ‘therefore, are in progress, with the ide a of ¢ establishing the strength 
of the yr sere varying conditions 


Such o of these investigations as bear | on the of build- 
ings” to resist fire are divided into three groups. A series of such 

_ investigations is being earried on int the Structural Materials Division of 
the Geological Survey under the immediate s supervision n of Mr. Richard © 
Le Humphrey, for cement, concrete, and reinforced concrete, and | 
metal; “under Mr. ®, ‘Bleininger for title, brick, ‘and other clay 
"products; under Mr. E. F, Burchard for building stone. Under 
the Fuels” Division, ‘inquiries ar are being - conducted, in co- -operation y with 
National Board of ‘Fire into the 1 relative fire risk i in 


Structural Materials already undertaken, and, 


in part, reported on, include fire tests of forty large panels representa- 
oH tive of a section of a wall of a building. _ These panels were constructed — 
of various building stones, brick, terra cotta, concrete building blocks, 
reinforced concrete, ete., subjected to the temperature to be 
a conflagration. The concrete building ‘blocks and the 
yeinforced concrete panels were made of various grades of river. a: 
slag sands, various gravels, broken stones, cinder, ete. The brick 
specimens were of common, hydraulic. ‘pressed, and sand-lime brick. 
Careful record was n made of the method of proportioning and mixing | 
nd the concrete ‘materials. The panels » were e subjected q 


the mortar a 


tims the nozzle of a fire hose, when the maximum temperature had 


An effort was made to obtain the 
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| 
“tures of conflagration: conditions, 700° Mr. Wilson, 
couples” were placed in the panels in order te: determine the rate of © : ms 
temperature rise and. the rate of heat transmission from the face to 
the rear of the panel. The temperature rise at the rear of the panel, = 


in onnection with the thickness of the latter, furnished information — ial 
“regarding the transmission of heat to the outer side of a building wall. 
_ The » work of the National Fire Protection Association should be oF 
- known to every member of this Society. This Association includes 
as active members, the American Institute of Architects, the American 
e Institute of Electrical Engineers, the American Water Works Associa- _ 
tion, and a number of other national technical engineering societies, 
fire ‘underwriters’. associations, city fire department associations, — ete., ye 


a: the writer believes that it would be to the advantage of this 


; ~ Society | to be a member of that Association, i in order that closer co- 
operation might be had along the lines: of work on which both are 
engaged. +The associate membership of that ‘Association its” 
officers are chosen from that rapidly increasing group of professional — 
“men known as fire-protection | engineers, many of whom are civil engi- “t 
_ neers, members of this Society, mechanical engineers, electrical engi- 
neers, architects, testing engineers, and the more advanced ‘members 
and officers of the National Board of Fire Underwriters. | 
Through its committees and in co-operation with the Underwriters’ 
Laboratories in Chicago, and the structural laboratories 


pene important ‘reports issued on the best methods of fire- -proof building 
: construction. These reports are discussed at the ) annual meetings, and 7 
result the preparation of specifications on such subjects as fire- 
proof construction, concrete 2 and reinforced concrete in building con- 


true tion, proper materials to be used i in the construction of gravity 


its” “attention ‘some of these to be 
distantly related to its functions, because it is his confident 
that only through an awakened and enlightened conscience, which can 
be most conservatively stimulated and wisely directed by engineers 
and s architects, will the public, the producers, manufacturers, 
the ¢ governing bodies, embark on . the reforms so sorely needed if build- Bat 
ing construction is to be placed on an more enduring and economic basis. a 7 
RW. Assoc. Aw. floc. O. E—Theve is ‘one point the Mr. 
2 fire risk to which the | speaker» would like to call attention, that is, the 
legislatio f to fires in the United States and in Europe. 
gis a on in reference to es i p 


In France, where some and familiar with the 
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beyond his building: i in an owner 
to build an inflammable frame he takes the risk of burning 
z down his neighbor’s property, and he is liable for the damage, and > 

this responsibility probably has a great deal to do with the forms of 
Zs construction adopted. — This policy has been adopted in many other 


- countries of E burope, the speaker believes, and is a part of the law. 
Ricnarp L. -Humpurey, M. Am. Soc. C. —All engineers, a and 


ing construction, should g' give careful consideration ‘the facts: 
presented in Mr. W ilson’s | discussion. — The summary of these facts 


"particularly members of this Society, who have to deal with engineer- _ 


points out clearly the numerous annual losses in the United States, 
which are largely or entirely - preventable, and the dangers of the 
: destruction of property by | fire which exist throughout th the country, 
_ The conditions which prevail i in the United States are not unusual, 
“and are the natural ‘result in a country which has grown with great 
rapidity. — " The congestion of population has created problems which 
— necessitate special legislation in order to correct the evils which have © 
resulted from laxity and insufficient municipal supervision in building ay 


al 


me dt is only « after a city has outgrown the flimsy - structures incident: 
and necessary to the settlement of new country that the congestion of 


population forces on the inhabitants the necessity, for 


‘The « development of the | building laws must necessarily be extremely 


{ 


slow, particularly because of the ; great difficulty i in securing legislation 
_ which will correct the evils of the building laws caused primarily by — 
commercial influences which effect such legislation. 
as... are prone to look to Europe, to study the conditions there e, and, 
in drawing comparisons, to calculate what our losses would be if we 
secured the same types of construction as obtain i in European countries. = 
This, of course, is very helpful, and is one of the means of drawing the 
attention of cities to proper legislation in a practical way. At welll 
game time, it should be borne in mind that European cities are v e. 
old, and the congestion of population in the principal cities has been — 
_ such as to necessitate, many years ago, such 1 revisions of the building 
laws as would insure proper safety in those congested centers. Ih 
_ other words, E uropean cities have | been many years in obtaining per- 
e fection i in their building laws. The United States is rapidly approach- a 
ing, indeed it has approached, in many of its larger cities, such a condi- Pe 


tion in of its as make it absolutely 


of structures are fire- traps, so that it 
isa almost criminal to permit their existence. 
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Anyone who was so fortunate as to investigate such great conflagra- Mr, Shum 
re 

tions as those at Baltimore ‘and San Francisco is overwhelmed at the 


absolute worthlessness of the ty pes of building construction which are 
in in vogue in this country to- day. - It is true t that, after a fire has et 


a building, the walls and skeletons are found to be sage and ,that 


of its valve, of the latter having pay in the 
destruction of the trimming and the various appurtenances which go to 
up the complete building. In New York City buildings which 
are labeled fire- “proof, and are apparently of reasonable -fire-resistive 
: construction, m may be found to be surrounded by great areas of struc- 
poorly constructed, with unprotected openings of 
which cracks at first, touch of the flame and enables a 
q property to spread into the building and destroy its 
‘contents. __ Indeed, the intensity of some of the fires which occur 
‘such buildings is so great as to destroy adjacent buildings which are | 
reasonably fire-proof. Ev en the heat generated by fire in a building 
which is reasonably fire-proof is sufficient to destroy the integrity of 
7 the structure, because the | building does not possess the requisite fire | 
“resistance. — Structures should be designed so as to offer resistance 
required - Sut the conditions. It is manifest t that a warehouse i in which 
z large quantities of inflammable materials are stored must have greater 
protection against fire than a building which contains only a small 
quantity of such materials. : Even where buildings ar are of the best fire- 
resistive type of construction known to- day, they are often destroyed 
th the conflagration of the fire-traps which surround them. | For this 
4 reason, the building laws should be retroactive, in that should 
nd, the removal o of all structures which are not of reasonable fire- 
: “resistive constr ‘uction, especially in the congested centers of large cities. 
In the > speaker’s opinion, buildings: should not be permitted to exist 
a — are known to be fire- -traps, and particularly, should this be a ; 
In the matter of fire- resistive construction, it is a regrettable fact 
that most deplorable | conditions exist in schools and places of public 
assembly, and, within recent years, there have been such terrible 
catastrophes as to horrify the entire nation, and these are 
Sufficient to stir ‘up public sentiment for a brief period of t 
a soon as the interest begins to wane, the public drops back into the | g 
same condition of indifference, and only be aroused by a 
holocaust. T£ the building laws are to be adequately revised within a 
reasonable time, it is absolutely essential that the foremost societies 
of the United States, of which this Rociety should be a leader, should 


take an active part in the campaign, ino order to provide sufficient pro- 
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Mr. Hume tection against ‘fire and the enormous annual losses. 
‘This Society has taken an active in work of conserving 


a as will offer adequate resistance to fire thereby 
to the ‘smallest. possible amount the enormous annual destruction of” 


Wunery, M. Am. Soc. C. E—This subject is one to which th 
speaker has not given much attention, but it seems to him that | great 
oa ‘may be attached to the particular fact referred to by Mr. 
Lesley, namely, the absence of personal responsibility on the of 
7 _ Doubtless, one reason why people are more careless in the United 
-_ States than in . any ‘other country, is ; that, , because of the very completc 
and efficient system of fire insurance, the losses through fire — 
visited the persons whose buildings are “directly burned, but are 
- practically shared by the whole. community ; and, while fire insur ance 
is undoubtedly a very great benefit to the country at large, it may be. 
a question whether it is an unalloyed blessing, st 
-/ a the owner | could be made to feel that if he puts up a cheap 
wooden building— —a fire- -trap, p, as it has been < called—and that building 
> .- should be burned down, a large ‘part of the loss would fall on him, he 
~ would undoubtedly take more care to make it reasonably fire- mary 
but, as long as he | knows that he can insure the building for nearly 
‘whole value, and thus compel ‘the community at share 


7 the loss by fire, he will naturally be careless, and will favor cheap 


_ From this point nt of 5 view, it might be wise, and it might also 


aides in reducing the aggregate losses by fire, if insurance companies 
were prohibited from insuring any building for more than | one- “half 
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IMPURITIES | IN SAND FOR CONCRETE, 


An Informal Discussion at the Annual Convention, J uly 8th, 1909.* — 


By SaNForD E, THompsoy, R. Ww. LESLEY, P. Howanp, 


Sanrorp E. Am. Soc. E. last two or Mr. Thomp 
three years attention hen called to several cases where concrete 
~ failed to harden, and | these failures could not be attributed to the = 
quality of the cement. Some have been 


estimated. ‘ey laws have been corroborated in a way 
tests in the United States and elsewhere, 


In the United States, also, , further tests have shown the effect of 
scientific ‘methods of proportioning or grading the aggregates: of the 


However, one frequently finds a sand which absolutely fails to obey 


the laws of gradation of sizes, or of density. only ma may the 


*The discussion of this subject, for which no formal paper was presented, is printed i in 
in order that the views expressed may be brought before members the 


$* Laws of Concrete,’ by B. Fuller and E. Thompson, 
Soc. C. E Transactions, Am. Soc. C. E., i. 


rs. Vol. XXKV. 
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sa clusions were reached, and this will serve as an illustration of at least S 
one of the causes of poor concrete. 
It has been proved conclusively that the sizes, and the gradations 
wai of sizes of particles of sand, affect the density, strength, and perme-- ue — 
ability of the mortar, and definite laws governing these relations have 
_been framed, notably by Mr. Feret,t in France, which show that with 
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wat 


‘DISCUSSION ON IMPURITIES IN SAND FOR 


Mr.Thompson mortar or concrete made from such sand fail to dank the strength 


: _ which would be expected, but it actually fails to harden, , or the 
hardening which should take place within a week is delayed ” perhaps ~ 


two or three months, 


‘the sand produces such bad results all 


that i is, ‘the gradation of sizes, be good, ‘may ‘appear 
and yet the quality may bi be such that it has to be poids prohibited 
from use in concrete, and, ‘used without prev ious it will 


its combination with or chemically, 
or perhaps both. 4 Such results, such failures of the mortar and con- _ 


 erete to set, show the absolute necessity, not merely of a careful ex- 

amination of a sand which is to be used, not merely of a mechanical 
7 analysis to determine the sizes « of “the particles, but of a a laboratory 
_ test, as thorough a test, in fact, as. would be given to the cement itself. = 


al In the special ease referred to, a two- _story machine- -shop | with con- 
crete walls was erected by local contractors, with no 


were 12 2 in. thick, ‘these a the first 10 ere 
__ those of the second story, 8 in. a he interior of the Suiting was mill” 
One night, the 


_ walls being just above the level al the second y ae during a severe 


windstorm the building co ‘collapsed. An ex examination by the 
who was” called on to make an investigation, immediately after the 
showed that the concrete, although mized in the 


of it had been Teast. two months, a knife. blade- 


thrust into it, and it was even difficult to pick from the 1 wall a piece — 
hard enough to carry away as a sample. The appearance of the con- 


_ erete was dark and dirty. _ There was | a thin, hard s skin on th the outside, — 
- which had helped to deceive the contractors into believing that the 
material would eventually ‘harden, although they were by no 


Investigation showed ‘that the concrete been proportioned 
-1:23:5 and mixed in a -satisfactor ry manner. It was hand-mixed, but 


apparently well done, and tests of the actual proportions by analysis 


ere considered unnecessary. 


Tt was evident that the cause of the trouble lay in the metal: 
. he last of the ne of cement t had been used, only the empty bags 


— 
his does not disprove the laws referred to, but simply 
‘thet i : ity ¢ 
—— that there is something further; that the laws of density apply to | 
! 
| 
it 
| 
] 
= — 


“remaining; because representative this cement ‘could mr. 


‘not be obtained, the other materials had to be tested much more care- 


than otherwise would have been necessary. 
“a |The s sand and ¢ gr ravel were taken from the site of the building when — 
‘the cellar” was excav vated. _The gravel was ordinary New England 
gravel, rangin ng from fine, that is }-in., up ‘to particles ; perhaps 2 in. 
; in diameter. It It was fairly clean. Some of the pieces were slightly 
- coated with dirt, t, but not — so than is almost always found ina o- 
_ The gravel s ‘contained about 12% of finer than the: 


always case with gravel, 80 that j in concrete 


there is apt to be an excess of sand over the nominal proportions _ 


specified. In screening, a part of the sand, especially, on wet days, is * 
carried down with the larger stones. in band 
gravel was washed as gravel i is usually washed in _hand- -mixed_ 


al ‘ fine material was washed down to the bottom of the pile and 
shove eled into a L wheel- barrow with the rest. _ Then the gravel from the 
barrow was ‘dumped on. n the mixing platform, and was again washed © 
with the hose, » the dirt simply flowing with the water from the — 


to the bottom « of the pile to be shoveled u up and mixed with the » gravel 


in the conerete. This is the ordinary but ineffective way of 


and a gravel in hand-mixing, unless special apparatus for washing is used. 
nil: | The sand appeared to be good. In some places it was rather dark 
the a but the “most of it would pass an ordinary inspection, and 
would be called a sand of fairly good: quality, certainly good enough > 
for the work which was being done. The 1 results of the n mechanical 
analysis of the ‘sand, given in Table 1, were above the av average. _ Three 
‘Per cent. » by weight passed a No. 100 sieve, and about 25% was caught 
on a No. 8 sieve, but : a closer examination of the bank showed con- 


siderable variation in the sand; in some places it was rather dark and 
a in color, while piles which had dried out looked “dead. ae 


ae The representative of the cement company suggested a ‘practical 
“test which had never before come to the speaker’ attention. Taking» 


a double. handful of ‘moist s: sand from the pile, he allowed it to run 


between his hands as they 1 were held with the thumbs up ‘about 1 in. be, os 


apart, at the same time moving his hands back and forth. Repeating 


this operation several times, always taking naturally moist sand from 


the interior of the bank, between the fingers of both hands there was 


collected a dark slimy substance which contained scarcely any grit. 
Some of this, seraped from the fingers and afterward tested by ignition, 
was found to consist almost entirely of vegetable matter. = 


further examination of the bank showed that, in places 


it had been cut to a vertical face for an excavation ¢ or for screening out 
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976 DISCUSSION 
“a Thompson. the sand, the rain had washed down from the surface soil a material 
—_— 7 simi milar to that which had collected between the fingers i in the foregoing 
- which formed a scum on the vertical face of the bank. ~ 
surface soil was an ordinary, medium quality of loam, with, 


however, one or two dark, almost black, streaks in it, , from 4 in. to 


indications seemed to point to of being 
vegetable matter in the sand, and vegetable matter which had ap- 


ee been washed down tet rains from the surface soil into 


TABLE 1 1.—MEcHANICAL 


Description AVERAGE SAND FROM EXCAVATION. ‘Restavon SAND 


analysis .. May 1908. 1908. 
P 


moisture. 2.6 before drying. 0 


Total | Total [Percentage Total | 
weight [percentage passing weight passing 
passing. | passing. -in, sieve. pasting. “in. si sieve. 


q 


— 


|. 


OF 

i@ 
7 


om Very fortunately, oo purposes es of comparison, the speaker happened 
to have in his laboratory a large sample of another sand which | had a 

‘been used satisfactorily i in the construction of a reservoir* near Boston. 

- 3 This reservoir, because of its size and shape—100 ft. in diameter and J 

nearly: 50 ft. high— —required special tests of the materials. The 

~ mechanical analysis of this good reservoir sand, shown in Table 1 7 

ie found to be almost identical with the sand used - in the building | 
aad failed; moreover, the chemical composition was also aad 
identical, each containing about 15% of quartz. 


Notwithstanding this “apparent similarity, 1:3 mortar 
reservoir sand gave a Strength of 272 lb. in 7 days and 332 Ib. in 
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. - days, while the poorest sample o of the sand in question gave an average Mr. Thompson. — 


of 20 Ib. in 7 days and 75 Ib. in 28 days. 
olumetric Test. —To be sure that the bad quality of the sand was 


ie aii consequently, an excess rea voids i in the mortar, volumetric | 
tests were made, and the density was found to be normal. 7 The density 
of 1:3 mortar made with the sand in feel was: 0. 679, and that ty) 


Clay —It has claimed that, stand- 
point, clay matter is injurious to sand. An examination of the chemi- bs 
eal analysis. showed, however, that the amount of clay, although large, — 
was approximately the same as in the good reservoir sand, and, there- > 
fore, could not be considered as the cause of the poor quality. +e 
Tensile Tests—The tensile strength of the mortar from the sand 
“in question, as already stated, averaged 20 1 20 Ib. a $4. in. in 7 days and 
28 days 


_ The tests in ‘different series using sand from different parts of the 


bank ranged, in the 7- day test, from 11 to 40 Ib. To be sure that the 


- used in testing or the laboratory methods were not at fault, 
10% 


“tests were made in two different laboratories and with three different 


cements. Three different proportions were also used, namely, 1: + 
a: 8 and 1: 3h. 7 Specimens, for comparative tests in air, were ane 
ina moist closet, and i in water. The results all checked so so closely as to 
eliminate the question of cement or of manipulation. 


Comparison of Moist and Dry Sand. comparison of 1: 3 mortar 
made with the moist sand as it came from the natural bank and = ; 
same after drying, showed s some increase in 


ooo 


ous 


lb. at 7 days, 102 Ib. at 28 days. 


lding ‘The grains of the ‘sand were not 
eally Microscopical Examination. —The microscopical examination of ee 
‘grains of sand as obtained from the bank showed them to be covered 
with a dark brown coating which did not readily brush or wash oft 
The particles of the Waltham sand, on the other | hand, were clean. : 


strong magnifying glass was found offici ent in examining the grains 
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Ww ashing iiialitiiietatia test the character of the silt in 
a ‘eo sand, it was found | necessary to remove the fine matter by washing. 


the | results by washing out the 


‘Wort sample of defective 4: 1.60% silt. by 14% 
Average ‘sample of defective sand: 2.46% silt from washing; 


+. 2.68% silt by screening, 
_ Reservoir sand: 5 16% silt by washing; 3. 66% by ser screening | 


ene there is but slight difference between the results” por 


" washing and from screening, the chemical analyses indicate that the 
washing removes en more of the deleterious vegetable | matter than 


‘It is noticeable i in the above results that the gee sili gave a larger 
, while the good sand 
much pen percentage by “indicating that in the 
latter case a large proportion of the very fine material was 0 of ania ier 


The method used i in washing to remove the silt was a | very 


— one, , but was found to be more effective than several other more 
eleborate methods which \ were tried. The sand was placec ina large- 


2 ‘mouthed quart. bottle about half full of water and shaken thoroughly. 


r 


The dirty water was poured off, and the operation repeated several times 


4 


i, until the water was nearly clear. _ The wash-water was then evaporated, 


the residue thoroughly dried, and the loss on ignition, which ei 


quantity of organic matter, was found. 


Before igniting, the silt was passed through. ‘a No. 100 sieve 
> remove large particles of dirt which ev ‘idently would not be injurious 


of the : silt, including a test of by ignition. yses 

the silt were as shown i in Table 2. 
pa 9. —ANALY YSES OF SILT. 


Percentage | Percentagein | Percentage in 
in reservoir | average sand,| worst sand, 
sand. B, from site. | G, from site. 
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of these analyses s shows but one notable difference: The Mr. 

_ organic matter in the silt from'the reservoir sand was 2. 50%, while in. a 
the silt from the poor sand it was very high. In one of the samples a 

4 poor r sand the organic: matter was 11.9% and in the other 26.3 per cent. | 7 

ae ignited, the organic matter in the poor sands gave off a ae < 

ing its probable vegeta- a 
origin. The good reservoir on other hand, gave no 


appreciable odor, a and showed a reasonably small percentage | of 
= 


Maik de percentage of organic matter is obtained than by simply screening. = 

vr than 4 ‘It is noticeable that the silica is low, but it must be remembered 

testing | - that this is the analysis of the silt and not of the | total sand. 
“4 Introducing Silt Into Standar rd Mortar—To confirm still further 

= the conclusion that the silt was the cause of the trouble, a mortar was 


arger 
made up of 1:3 standard sand an addition of 14% of silt based 
in ie on the weight of the sand. The resulting tensile strength of the mortar a 
29 Ab. per sq. in. and Ab. 28° days, whereas the 
simple 
more 
re 
a large- 


oughly without silt. 


al times | Concrete Tests. —Specimens of concrete were also made, sand 
por rated, 


‘different parts of the bank being used in different tests. _ The cement : 
ermined “wsed in these tests was of a well -known brand, which was carefully — 
| - tested to see that it was normal. The poor sand and gravel from the 

site of the building were used in the test as well as the good reservoir — 
njuriows ~ sand and gravel. The blocks were broken at the age of about 18 days 


the Watertown Arsenal with the results shown in Table 3. 


as made 
sss 


Hardening of Specimens. —Careful watch was kept of the specimens 
‘g® of conerete and of the mortar as they hardened, and pats of the con- 7 


crete e were also made. . The mortar and concrete made with ‘the good — 


; reservoir sand set up hard within 24 hours with a a light gray color, 
: while the other specimens remained so soft that they could not. bee : 
‘the pressure of the thumb nail for several days. _ cre. - 
Conclusions.— —As already stated, the tests indicated d conclusively 


rst sand, 
ay that, the trouble with the sand was due to the vegetable ma matter ‘which 


it contained, and that subsequent tests of other sand and examinations _ 
of f structures indicate this to be a. common cause for poor mortar _ 
or r concrete. In many cases no Sellave results, but the concrete does not — 
| harden properly and never becomes as strong as it should. 
The percentage of silt given in the chemical analysis of eo 


to be large, being 11 9% in one sample and 26. 3% in a another. 
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fr Mr. Thompeon- ‘When given in ‘iain, of the total ‘sand, however, it is a very small 
ce 2 oe "percentage, because there is so small an amount of silt in the sand. 
Based | on the weight of the total sand before washing, therefore, the 
"percentage of silt as it comes from the bank is 0.27% in one case and 
0.39% in another, an extremely small ‘amount, and one which would 
not be indicated any test of settlement in water or rubbing in the 
TABLE 3 ‘or Concrers, 


ro ortions, 


HELDERBERG CEMENT FROM| | 


Individual. “Average. Individual. Average. 


Notes.—Sand A.—Worst sand from site of building. we: 
Sand B.—Average sand from site of building. 
Sand W.—Good reservoirsand. 
Gravel E.—Screened gravel from site eof building. p 
* Only one specimen, buta goodone. 
Only one specimen, and possibly slightly defective. 


These and other tests indicate | that there | are two percentages of 

Gigi 
vegetable. matter, which appreciably affect the q quality of a sand: First, 
the percentage of vegetable n matter in the silt, and second, the per- 
Sey centage of vegetable matter in the sand. Although the tests made thus 
7 far are too few to draw definite quantitative conclusions, ‘it would 
a appear r that, in order’ to be injurious, the > organic r matter in n the silt 
must be more re than 10%, and, at the ‘same time, the organic matter 
e than one- -tenth of 1 per cent. — 
4 Both these conditions are necessary, because it appears Sims tests 
that, in certain cases, the vegetable matter in the silt may | be greater 
then 10%, but there may be so little silt i in n the sand that the organit 
1 the h of and the 
Par a ~~ Whether the cause of the results i is due. entirely to chemical action 
aceam or whether it ‘may be due in p: part to mechanical action, the organit 
matter surrounding eae grains so that the cement will not adhere, has 
not been determined. Most probably the cause is s chiefly chemical, but 
in a small measure ‘also mechanical. ~The subject appears to be of 


~ sufficient importance to further and 
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all 
oy to examine sand with the eye; it is not sufficient i to test it by rubbing: 


«aon work of ereagh tests of the sand. It is seis merely ne necessary a 
4 it in the hands; it is not enough to make a mechanical analysis and to. —_ vv 


the 
mt determine the sizes and the gradations of the particles, but, in every - 
ald case, unless | the sand is from a bank of known good quality and has —t”™” 


the been previously tested, as careful tests as are required of the cement — 
poe be made. . Probably the best one is the: ordinary tensile at 


advocated by the Society’s Special Committee on Concrete aad Rein- — 


“Mortars composed ot part Pordiond cement and three parts 


fine aggregate by weight when made into briquettes should show a 
peony strength of at least | 10% of the ‘strength | of 1:3 mortar of the 


same consistency made with the cement: ‘and standard Ottawa 
In case must be used no time to make 
tensile tests, or in case special investigations are needed to = 
the causes of poor quality, the washing test and determination of the 7 
organic matter are of special value. The mechanical analysis, which = 
ee the proportions of the grains of different size, is also of el sO 
value as indicating the comparative value of different sands which are 
There is one further thought which might be These 7 
impurities have been spoken of as dirt and “matter which might be 
_ washed out. — One sample of sand which was sent to the speaker from x : 
Philadelphia, had a great deal of dirt i in it, that is, it had much more ; 
fine ‘material ‘the defective sands which were- investigated, and 
: yet washing it increased the strength of the mortar instead of decreas- 
ing it. The fine material was found to be not organic matter, but “ 


de thus Ww. Les.ey, Assoc. Am. Soc. E—Mr. Thompson’ Mr, Lesley. 
would bution is very interesting. In the light of the re recent report of the ae 

the silt Special Committee on Concrete and Reinforced Concrete, of this 
matter fim | Society, it rather emphasizes the principle o: of “locking the stable door 


after” the horse has been stolen;” other words, the building 
ie fallen before the exhaustive examinations of sand were required. — On | 


om tests 


6the other hand, the speaker believes: that the report contains, in 
| organi paragraph, what i is more gee! to the subject of concrete and rein- 
and the. forced concrete than any other lesson, namely, that the sand shall 
bet tested in the same way that the cement is tested. The mortar must 
1 tion be a standard mortar. This report provides ¢ a means to determine that | 
here, “hes At the present moment there i is no doubt that i in every large cement _ 


manufacturing | plant in the United States there are many inspectors 
who are testing cement prior to its meas to various parts of the oa 
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Lesley. country. 1 The ‘speaker happens to know that, to- n one mill, 


there ¢ are no less than twenty or twenty- -five men engaged in testing and 


inspecting cement. One part of that cement is to be used to three parts 
of sand, and yet the speaker does not know of anyone anywhere who 
‘is testing the | sand to to be us used i in the same manner that the cement is 


being tested 
The engineer ‘requires that cement ‘shall be tested i in dozen 
‘different ways, to show that it meets the requirements of the specifica- 
tion, and no cement manufacturer, under existing conditions of inspec- 
‘tion at the mill, can produce a cement that w w ill not be actually and © 
- ‘scientifically right; and yet that cement may y be used, in the propor- 
tion of to three, with | a sand no one has no one has 
Mr. = paper | brings us| to ‘with a state 
which has been going on for many years, rs, and, by making a “require 
that all | sand shall be tested in the same manner that « cement is 
tested, ‘the Committee o1 ‘Concrete and Reinforced Concrete has cer- 
In the recent the Building Code Commission of the 
Board of Aldermen of New York City, a step farther has been taken. 
Whereas, to-day, cement only is tested, under the report of the Com- 
‘mittee on Concrete and Reinforced Concrete, both the cement and the 
sand will be tested. But there i is still another step: Suppose one has 
cement and good sand, and yet the building fails. That failure 
may be | due to the fact. that the contractor has u used seven or eight, or 
even ten parts of sand, and again there is an opportunity ‘ “to lock the 
: of stable door after the horse has been stolen.” In this particular ‘report: 
the Building Code Commission, on, it is provided that t the sands 
represented in the mortar ‘shall inspected time to time, 
that the morta strength 
of the same cement, used with Ottawa In other w ords, 
it places the responsibility - for the mortar which binds the concrete, or — 
which binds the masonry, on the men who are actually providing that 


The ‘cement is to be tested, the sand is to be tested, and the mortar 
is to be e tested, and the speaker believes that this is a most important 
‘forward. He also believes that , this co country being one of the 
_ most ‘progressive in the use of concrete, the day is not far distant 

when n the American, instead of whittling timber with a knife, will 

whittle. with a shovel that the same cleverness which, 
ay heretofore, has enabled American ; genius to make its way forward, wil 
~ enable it in the future to whittle with a shovel, and to do things with © 

this plastic material which to-day seem impossible. ae, il 


_ Recently, at a meeting of one of the scientific societies, one man 
read a paper or on the use of concrete with nails as ‘reinforcement. 
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; 
Another engineer stated ‘that had some concrete and had rein- Mr. Lesley. 
forced it with jackstones; and that statement was again ‘made ridicu- 

lous by a man who had used ol old hoop- skirts. as a reinforcement, and _ 
if American g genius 1s has gone so far in the use of concrete, there seems ye &.* 


to be no limit to what it \ will do in the future 
| 


CaP -Howarp, M. AM. ‘Soo. C. E —The speaker has recently seen Mr. Howard. 
some specifications in which there was a provision that the stone used 
—= be free from oil, and understood that the parties using these 

. specifications went so far as to refuse stone from certain quarries on 


4 account of the oil which it contained. Such precaution would 
probably not occur to most engineers. It emphasizes the importance 


of ‘the most careful examination of all three ingredients, namely, 
cement, sand, and stone, and also of actual tests of concrete briquettes 


from the same materials” used in the structure. 


L. Humpnrey, M. Am. Soc. E.—There has been Mr, Hum- 
‘decided change in the requirements for sand, and this is necessary, pareg. 
‘because, to-day, the character of the sand used in cements, mortars, — 
concretes is of the highest importance since it has a vital effect on 
their strength. — Specifications which require the sand t to be clean and = = 

sharp are wholly inadequate, and yet ‘there are many engineers who > 
pass on the quality of sand by its appearance, thus complying with ; 
this specification. The fallacy” of thus judging it is readily illustrated 
inl in an examination of sands from different parts of the country, such 
an examination showing how easily the eye can be deceived as to its 
quality. Sands have been sent to the speaker from various parts of 
| the country, and he has had the opportunity, in a number of cases, 
7 of. noting how easily it is possible to be deceiv ed. As an instance, two _ 

_ sands from the Isthmian Canal may be given. The one which com 

plied with the specification by being ‘clean and sharp, an and 

the better of the two, proved by test and careful examination to be _ J 

inferior to the sand which was not sharp and ‘appeared to be dirty. 

The physical tests were the means of determining the relative quality 


these two sands. As a matter ‘of fact, the poorer sand was the 


or 


¥ 


yrtar cheaper as it was more readily accessible for the work in question. 
This, the speaker believes, is o one of the many illustrations | of the 
: the value of making physical tests of sand. before passing on its quality. 
ail. - Elaborate tests of cement are made, and just as thorough | tests of the — 
“will: NY sand should be made, because its effect on the strength | of ‘concrete 
sich, S is as great, if not greater, than the cement which binds it together. a 
| sands which appear to be sharp and of a fine quality are of 
uniform size and contain ‘much fine material that they produce 
a: very slow- -hardening mortars, thus 18 interfering wi with the 1e stability of of the 7 i 
is no doubt that a deal a the inferior sand used to- day 
of failures. It y be stated that the use of this 
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_ Mr.Hum- is in a large measure due to a reasonable ignorance on the -_ of 


engineers and others in 1 charge o of the work. is highly important 
that the engineer should be alive to the necessity of testing the sand 
just: as rigidly as he tests the cement, thereby securing a better grade 
_ aa eliminating many troubles which may arise from the use of 
improper material. The report of the Society’ Special Committee 
on Concrete and Reinforced Concrete, in requiring a mortar-box test, 
The fine material found in sand, which is generally referred to as 
“Toam, should be properly ¢ called silt, because i it generally consists of 
very finely- -divided material of the same character | as the sand itself, ; 
i In the investigation of sands from all parts of the country, by the 
Structural Materials Testing | Laboratories of the United States Geo- 
logical Survey, it has been found | that the presence of this fine material, 
if it is of a granular | character, proved beneficial, | as it increased the 
density of the mortar or concrete, and consequently its strength. a In an 
effort increase the impermeability of mortars coneretes, 
“called colloidal clays have been used. fine sand is always 
‘ with the idea of filling voids, and the speaker believes that its character 
is ; immaterial, if it is granular and is sufficiently fine to fill the = 
properly. Indeed, where the so-called colloidal clays: seem to produce 
a greater density, it has been found that a very finely-divided sand 
would produce the sa same effect. O On other hand, there are sands 


and gravels which contain an excess of inely-divided material 


ae it is necessary to wenrendl out in order to get the requisite density and 


strength. In the study of sands referred to, an appreciable quantity — 
“of organic material i is rarely found. — Where sand or ‘gravel is not well mn 


graded, or concrete is not properly proportioned to “secure maximum 

~ density, a finely- divided material or a little extra cement itself may 

— be added with beneficial effect. — Where the sand or gravel naturally 


a possesses the requisite amount of fine material to fill the voids, the 
_ addition of more material of this character would tend to r reduce the 
strength of | the mortar and prove otherwise detrimental. Again, a 
large percentage of ‘finely- divided material will produce mortars and 
-conerete which set very slowly, and this is a decided disadvantage. In 
- this discussion material finer than will pass a No. 200 sieve is referred 
to as silt. ‘Many natural sands: contain 6 or 8% of a very fine material, 
which, by reason of filling the voids, adds materially to the strength of 
2; the resulting mortar and concrete, and gives rise to the impression that 
small percentages of finely-div ided material are beneficial to the mortar 
or concrete. _ If the mortar or concrete is granular, and the fine material 
does not: occur as a coating on the particles of sand, and is not in ‘too 
- great excess, there i is no doubt that it will be beneficial. On the other hand, 
_ fine material which is of a flaky character and coats the particles of 


or gravel, has a decided weakening action, and is objectionable. 
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order to mix them with the coment properly, should 
"ground and dried to an impalpable powder. Otherwise, they will i 
a tendency to b ball up, and the result will be little nodules: of clay in 


years ago the speaker up cement 
to be used 1 in the foundations of a large industrial establishment, and 
great was taken n to specify that and should be sharp 
sand, such a as is found i in abundance i in the neighborhood of Pittsburg. 
“= This sand was shipped to the point of construction by ear, and at 
considerable expense to the contractor for freight. After: a few days 
‘it. was discovered that the mortar was not setting properly, and, on 
making a series of investigations, it was decided that the trouble was 
caused by the sand. It was just as ‘specified, but the mortar made from — 
it would not stand the tests. As a temporary expedient, it was agreed 
that, for a few days, and in some > unimportant foundations of the 
building, 
bank sand which was for the for he 
‘building. Much surprise, the ‘mortar made with this 
bank sand was was ‘satisfactory in every particular, 


_Wavery, M. Am. ‘Soc. 0. E word “sharpness? is fre Mr. 


2% 


hinery. 


worth while: to “onee more to the fact that it is 
indefinite and even deceptive term. _ This, the ‘speaker believes, 
been pointed out a number of times in the Transactions of the Society. ; 
a he test usually | applied to determine the sharpness, that of grinding 
the sand between the fingers, is, to say the least, 1 not decisive. 
rounded and polished grains of a beach sand, if of a certain size, oe 
this to be decidedly sharp. If these same grains be 
to a comparatively fine powder and rubbed between the fingers, they 
will give e impression that they lack sharpness, although the indi- 
vidual grains are angular, with very sharp edges. 
is undoubtedly true that the character of the different kinds of 
has not been investigated sufficiently in connection with the 
making | of mortar and concrete. There may be great differences nm 
the character of sands, which, in most r respects, appear. to be > alike. 
“Some have a greater degree of what has been called the quality of | 
adsorption, a a nd the cement seems to t take a stronger hold of them — ; 
% than it does of other sands which are apparently just as good. ry aie ry 
quality of the surface of sand grains deserves more careful investiga- 


oe than it has yet received. Until engineers are able to drop the E 

indefinite term “sharpness,” in specifications | for sand, , and to substitute — 

it some accurate scientific description the wante un- 


‘Satisfactory results “Tnay | be sometimes. 
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‘Mills. Cares M. Miuus, M. Am. Soc. C. may be of interest to 
tate that the sand to which Mr. Thompson refers was taken from the 
excavation for the subway ‘on Market Street, Philadelphia, Pa., from 


the intermediate and lower strata, ata, the cleanest being selected for 


_ The large proportion of silt v was regarded with suspicion, and its 
use se in concrete, , except in unimportant details, resulted only after 
thorough tests, extending over 90 days. The material was hauled to 
a yard, passed through screens, and used without washing ; 

contained a good proportion of coarse particles, well graded from 
coarse to fine. Daily were 1 made, in order to the quality, 
the "proportion of silt varying from 6 29° or 30%, which was 
determined by the matter not settling in 45. sec. when a sample was 


7 agitated i in water, the sample being successively agitated in fresh \ water 
until the water was proportion of silt averaged about 214%, 


mate for ‘silt was practically impalpable, and 
_ analysis showed that it consisted v usually of fine sand and ‘disinte- 


"grated mineral matter in about equal proportions. The sample fur- 
= to Mr. contained of matter did 


sand “which was vaneataibly clean and well graded from « coarse to fine. 
With this exception, the tensile strength of 1:3 briquettes made with 
the excavated gravel was in excess of f that obtained from — | 
made with all other materials, except mixtures of stone dust and stone 
grit. few typical tensile tests, given in Table 4, show the results 
a = standard quartz sand, the river-washed sand referred to, and the : 
_ excavated gravel, in which th the content of silt is stated. a ee 
Bhi The tests in Table 4 are in general agreement with many others 
made during the progress of the work, both i in the values obtained and ; 
in the e vagaries with respect to the effect . of the varying proportions of. 7 
silt, and, in — the latter, the constituents of the silt should | 
The ‘the fine material so. desirable i in producing 
rr ‘dense | and water-tight concrete, and, at the same time, the ‘material in 
sagan Pies The tests | on 6-i -in. . cubes revealed the e same va garies with respect to 
the effect of more or ‘less ‘silt in the excavated gravel, ‘the tests and 
experience with the concrete in which this gravel was used confirming 
the favorable . conclusions reached from the tensile tests respecting the 
value of the gravel for use as the fine aggregate. - The presence of so 


much fine material made it necessary to exercise special, ‘care in 


i 
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I 


Mills. 


River-washed gravel 


4.—Tests ON STANDARD BrRIQUETTES, MADE WITH PorTLAND CEMENT, IN 


28 days. | 3months.| 6months.| silt. | silt. R 


890 


5 


4 (27) 427 (18) 4% 6.80 


Excavated gravel.........|_ 4 ¢ (8) 401 (8) 461 


Excavated gravel 393 458 


iver-washed gravel......| (8) 311 (8) 441. | (3) 489 | (8) 439 


(3) 254 
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] 


Mr. scum from the surfaces of deposited concret 
in making joints. Briquettes made with cement and the pulverize: 
dried seum gave v ery small tensile strength. 
= =! a It is desired, incidentally, to emphasize the necessity for the ex- 
~ amination « of the p properties of silt in any given cs case, since it may either 
be a source of dangerous Weakness in mortar, or a _ valuable con- 
— in gravel for concrete, when water- tightness is desired. 
_ One purpose in introducing the foregoing is to invite a desonieion 


question, which i is asked with full appreci iation a of the 


and the materials for concrete do not contain in themselves 

a sufficient | “quantity of the fine material required for this ‘result , is it 

wise to introduce a fine e material i in the intermediate aggregate, or is id 
better to increase the quantity of cement? 

- = considering the foregoing, it is desired that the practical — 
of the case considered from the standpoint. the engineer r 
aims to control the quality of the materials, and to see that such | 

materials properly 1 used. is also understood that the most 
= proportioning of the ¢ coarse and fine aggregates will be made 


a available supplies will affect the decision, but it is desired to assume — 
= the e requisite materials are ¢ available at : reasonable, or what ‘may 
a be termed balanced, prices. It i is also to be assumed that the materials | 
= are mixed | by m machine, according to approved ‘methods, and that the — 
a question is intended to apply to natural or ordinary commercial 
material, and not to patented or secret compounds. 
Richare- F. Ricnarpson, M. Am. Soc. Cc. E.—The statement has been 
oe fine sand or r silt tends to increase the density of mortar. bs This may 
a —* of sand, but ‘the speaker does ait ‘think ‘that it is true me alle 
‘=i such as are commonly used in American practice. It certainly _ 
ae not true for ‘mortar of 1 part of Portland ‘cement to 2 pare 
“During the construction of the Wachusett Dam of the e Massa 
Metropolitan Water- Works, extensive experiments w were made 
(= determine the effect of us using sands of different sized grains, and 
various combinations of sand, on percolation and on the tensile strength | 
of mortars. Three grades” of sand, called fine, medium, and <a 
were used in the experiments ; the fine sand all passed a No. 100 
, the medium sand all passed a No. 30 sieve and was held ~ 


on a No. 100 sieve, and the coarse sand all passed a No. 8 sieve and 
was held on a No. 80 sieve, these sieves” having 1 10 000, 800, 64 


4 
= 
— 
— 
— 
— 
er materials in reducing the permeability of concrete: When water-_ 
s 
— 
— 
— 
f 
“4 
| 
= 
— | 


IN SAND FOR ConoRErE 


meshes, toa square inch. ana sands had practically Mr, Ir, Richard- 
the same percentages of voids, ranging from 41 to 42%, and the 
fine sand had practically the same percentage of voids and the same 


“mechanical analysis as the cements used in the « experiments, 


were standard American cements. ve 


Experiments to determine the percolation | the tensile 
strength of, the mortars, were made with the fine, medium, and coarse — 
sands, and with nineteen mixtures of _ these sands, the mortars experi- _ 
mented on consisting of 1 — of cement to 1, 2, 3, and 4 parts = 


As illustrating the of the it was 
mortar, from barrels of coarse sand and one barrel 
cement, gave 2.4 barrels of mortar, while, if two barrels of fine sand — 
were used, 3.0 barrels ‘of mortar were obtained. | All mixtures of the 
fine, medium, and coarse sands gave more mortar than the coarse sand, 
the 75% % of coarse and 25 5% of fine sands g giving g 2.53 barrels of mortar 
for the 2:1 mixture. — This was to be expected, as the 41% of voids: 
in the coarse sand, being large, ‘were filled by the cement, while the 
42% of voids in the fine sand were not filled by, the cement, as the fine 
sand and the cement had grains practically of the same -_ oe 
In testing for percolation and for the tensile strength of the 
mortars, it was found that mortars of coarse sand with no admixture of 
fine c or ‘medium sands g gave practically the least percolation and the © 
ecu tensile strength, with 1 part cement to 1 part or 2 parts sand. 
For mortars « of 1 part of cement to 3 parts of sand, the mortar neh 
of 50% coarse, 25% medium, and 25% fine sands gave slightly better 
results” than that made with 100% | of coarse sand, both as to percola- 
tion and tensile strength, this was also true to an_increasing- 
_ extent for mortar of 1 part of cement to 4 parts of sand. The ‘mortars — he 
of fine sand, whatever the proportions of cement might be, in all 
ases gave the greatest percolation and the least tensile strength. iy 
_ The sands used in the above experiments were almost entirely silica — 
contained little or alumina. The pressure was Ib. 
sq. in. —equivalent to a head of about 170 ft. 


coarse sand the particles t themselves are impervious to water, 


and the e fine cement fills the interstices between the g grains for mortars: 


_ consisting of 1 part of cement to 23 parts of sand or richer. For | 

Teaner mortars, consisting of 1 part of cement to 4 or 5 parts of sand, 
~ such as were experimented with in the French tests by M. Feret, <7 

which have been referred to, a wate of fine or medium sand is 


to help out the cement. Such mortars, are 
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1 DEMONSTRATED THAT THE 
OILING ry ROADS” IS THE MOST SATISFAC- 
OR ECONOMICAL | METHOD OF PRE. 
INTING DUS ST AND PRESE RVING | 
THE ROAD SURFACE? 


— 
Mzss Rs. S. ‘Wuinery, ‘AND 


M. Am. Soc. C. E.—We have now had sufficient 
ae experience with the use of oils walk tars for dust prevention and road — 
ion __- preservation to make it worth while to take stock of the facts available, — 
consider their import, and to form ‘some tentative conclusions 
te the efficiency and economy of the process. . Only o one other process 
or method of accomplishing the same results is available for com- — 
parison, on, and that. ‘is watering or sprinkling. It is is true that modifier 
_ tions of these two leading methods have been used more or less. % Among . 
these is the use of a solution of some e deliquescent salt in water, and 
an emulsion of oil in water; but while these have each been reported 
as having given satisfactory results i in number « of cases, it can 
hardly be claimed that their use is. general or extensive, and_ the 
a -_ verdict of experience is mostly against them. In any event, it may be 
$ 8 said that ‘they are only modifications of the two primary methods, 
BB sc: and there is good ‘reason to believe that ut none of of them will be found — 
‘more satisfactory « or, on the whole, more economical than the use of 
- ~The discussion, therefore, is narrowed down to a question of oil 
or water. It may also properly be confined to the treatment of ordi- 


macadam roads, in the eastern section of the 


2 *The discussion of this subject, for which no formal paper was presented, is printed in 
Proceedings in order that the views expressed may be brought before all members of the — 
Bociety for further discussion. Site ker 
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DISCUSSION ON OILING OF ROADS 


United ‘States, which carry a sufficient quantity of travel. to ‘make Mr. 
them \ very dusty in dry weather, and to cause them to wear and 


rapidly, unless they are properly cared for. 


Tt is known from long experience that the dust may b be kept _ be 
by sprinkling with woe, and that if the body y of the 1 macadam be a 
kept properly moist, abrasion from travel will be largely, and that 
kind of disintegration called “raveling” almost wholly, prevented. 
This is particularly true» when the bulk of the tonnage passing over 
the roads consists of motor-driven vehicles, as the action of their rubber- _ 
tired wheels is quite different from that of steel- tired wheels. 

‘recent ye: years the « opinion has become quite g eneral that equally good, 
ay or better, results can be accomplished more economically by applying | 
oil or tar the surfaces of ‘roads. question under discussion, 
may be resolved into this: Can dust be avoided, and can 
the wear and _raveling of macadam roads be prevented more - 


factorily and | by the use o of oil than by the use of 
water? To consider this question fairly, it must be assumed that each 
method shall be intelligently and skilfully used, or, in other words, that — 
each shall be given a fair chance in the contest between them. + ‘It 
would be obviously unfair and unprofitable to judge the merits | 2 
either from the results of average practice, where that : average . 
largely aff affected by _ignorance or carelessness. In cities and 
‘towns street or road sprinkling is little short. of a delusion and 
snare for the municipal funds. Little attempt has been made by 


municipal engineers to study, -systemize, or regulate it ina scientific 
roa 
ble. manner. Statistics of its unit: cost, and of the quantity of water 
able, 


required, have been difficult to get, because sufficient ‘attention has 


cess 


- never been given to the work to insure the collection of accurate data. 
In the case of road oiling, the absence of knowledge and skill, and not 


com- 

6 7 ee: of ordinary oud sense, has led to a multitude of failures 
‘fica- 


= to the waste of large sums of in work, 


not very ‘many of these is now 
_ 7 In favor of street or road watering, it may be said that, if oui _ 
and intelligently applied, i it will effectually suppress dust, and will 
prevent the disintegration of the road. material by raveling. Tt i is, in 
fact, almost unanimously agreed among good road engineers that 
on raveling is caused by the absence of a proper amount ¢ of moisture in i 
the macadam ‘material. It is doubtless” true that water sr does not 
prevent surface abrasion as effectually as oil, but with the large ratio 
of tubber- tires now found on the roads, abrasion in the true sense of a 
the word is not a very important element of road deterioration. 
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M done, that is street is flooded with a surplus of water, it is” 
ae. likely to be sloppy and disagreeable for "pedestrians, and the wheels 
and bodies of vehicles may be spattered w with ‘mud, which, however, i 
readily removed by washing with water alone Qe. One advantage of se 


a nn is that the material for watering Streets is — at hand 


 Oiling is as as watering for suppressing dust, if the 
whole road surface is oiled . But usually, because of the cost, only 
= strip in the middle of the road is treated, leaving untreated strips — 
along each side, which may be troublesome sources of dust in dry 
weather if the travel is heavy. Oiling cannot be done properly unless — 


must endure the or resort to for one to two 
months in n the spring. surface ‘must be -earefully cleaned and 
‘prepared for the reception | of the oil, and, after it is applied, the road, 
or the oiled part of it, must be closed to travel for from nk dies to 
a week. Even ‘after it is opened to travel, the surplus oil still on the — 
surface makes it very - disagreeable for pedestrians for several more | 
days, and the free oil or oil- saturated dirt is thrown by the wheels ov ~ 
the vehicles and the clothes of the occupants, and these greasy stains — 
‘are very” troublesome to remove. In the autumn and winter season 
following, these oiled surfaces produce an abundance of oily slime © 
and mud, creating condition for r which the word ‘ ‘nasty” is 
“inadequate term, and since the remaining oil is to make this 
mud more c or less s cohesive and water- -resisting, it is not carried away 
by the rains, and continues through most of the winter Se ». 
‘The: extent, to which oil preserves the | road wear and 
ed disintegration is not yet definitely determined. As long as the oiled 
ee remains unbroken there is practically little: loss by abrasion. 
oiling does not prevent, but rather promotes, a kind of dis 4 
as _ integration analogous to raveling, on heavily traveled roads, is evident 
to ‘those who have observed the effects carefully. ' This result might be 
expected and predicted on theoretical | grounds. Raveling is caused 
the drying out of the body of the macadam. oiled surface, 
"compressed by travel, forms an impervious coating over the road 
through which the rain cannot penetrate. The result is that the 


macadam- gradually loses its moisture and consequently its -eohesion, 
and dense surface | co oating is broken and comes off in patches, 
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= ow ‘it a stratum of the distintegrated -macadam surface. Mr. Whinery. 


These patches enlarge rapidly and others" appear, so that roads carrying — > ae q 

a heavy travel during a dry season are aad to become in bad condi- _ 

This statement may many, but it correctly 
7 represents conditions actually observed during the season of 1908 on 
a first-class macadam roads well treated with the best quality of oil, in. 
an eastern city. _ The speaker has no hesitation in saying that at the 
end of the season the physical condition n of the oil- treated sections of 
these roads was not better than the condition of adjacent sections of 
the same roads, which were sprinkled more or less ineffectually. , 
Even if it were true that oiling is, on 
efficient than watering, the comparative cost of the two processes must. 


be given proper consideration before a final decision is arrived at. — 


Reliable and accurate data relating to the cost st of street sprinkling 
ie : are rather meager. Even where prices ‘and areas are given with some 
this care, many other factors conditions are usually omitted that 
it is impossible to deduce satisfactory unit costs. A careful study” 
-—— of the data av ailable, supplemented by careful estimates of what the 
two should be, leads to the conclusion that on macadam streets carry- 

ne ing a fairly heavy travel, the work as now usually done does not cost 
wall ‘more than 2 cents per sq. yd. per season. a number of. cities where 

8 to the work has been done with more than the usual care, the cost has — 
been below that figure, | which includes the cost of the water used, 
sai charged at $75 5 per million gallons. Street sprinkling, however, is very | 
sek Idom properly done. The sprinkling too infrequent, | and the 
sao quantity of water applied at each sprinkling is too great. Where the = 
surfaces a: are ordinarily sprinkled twice daily, they ought gone 
ieee over three times daily i in order. to secure the best results; but, on the a 
a other hand, with proper care to avoid waste, the quantity of water 
used might be “materially reduced. One may often see twice the 
qui intity of water actually necessary being discharged over the 
ii &g street, and the surplus half running into and flowing away along the 
It may be safely stated that, with the more frequent 
oiled lings needed and with the work done with the same care and skill © 
sion. necessary for ‘successful road oiling, a road of. the character just 


considered can be watered | so as as wholly t to avoid dust, and to preserve 


itself a cost ‘not exceeding 3, oF, 


at ‘most, 34 cents per 


ident 
ht be 
aused 
aused 
Ina number of cases the cost of roads" hhas been 


- accurately recorded, and | the unit costs have varied as widely as the 
character and quality of the work. In what is . now regarded ¢ as the 
best practice, using a high- grade asphaltic residual pitch, _with the: 
Recessary preliminary preparation of ‘the road surface and the ‘proper. 
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‘OILING oF 


cost of from. 53 to 6 per sq. 
as “reasonable for a single effective application. Such an 
application made ‘between the middle of June and the first of J uly 
_ should be effective, on the - class of roads being considered, until the 
of the usual sprinkling season, but its effect will almost wholly” 
“have disappeared before the next spring, , When th the tr icant must be 
During the early part of the season, say from the fi first of May, 
sprinkling is usually started, to the middle. of J which 
is about as early as oiling is practicable, sprinkling must be resorted — 
to or or the dust endured. ‘Disregarding this, however, and calling the 
cost of efficient 34 cents pe per sq. yd. per season, and the cost 
of oiling cents per sq. . yd. per season, it appears that the oiling costs } 
than the watering. The speaker does» not believe that 


experience has yet demonstrated, or will in the future demonstrate, 


than sprink'ing, when each is equally well done. 
a. If the statements + and figures here presented a are reasonable and 
sound, the question seems to have been answered, and this other q ques- 7 
tion is suggested : road oiling anything more than a popular fad of 
the day, ‘unworthy of. the further serious attention of engineers? — 

_ Engineers are all looking for the advent of some new kind of | 
oak: which, while not too expensive for use at least on the more 
important roads, ‘shall be more durable than ‘macadam and shall not 


generate dust. t. The solution of the does” not seem far off. 


on 


The of 6 cents per sq. per annum for 

: represents investment, at 6%, of $1.00, and it is reasonably ¢ certain 

that less th an $1.00, added to the first cost of the plain” ‘macadam, 

would sa a road which would not need oiling. The wise course, 

then, i is to give more attention to constructing new roads which will be | 
practically - dustless, and to be content with the cheaper and quite as 
ee effective method o of f watering to o combat the dust on the old roads. J 


Mr. Davison. G. S. Davison, M.. Am. Soo. Cc. E- —The speaker would | like to 

Whinery what part of the ‘cost of. oiling the roads in “question, 

freight on the oil. In certain n cases this fre item tem might 1 

. The greater part of the oil used for this purpose is from Southern 

refineries located near the seacoast, and is sent to Boston, New York, 

_and Philadelphia, -and such points, with very low freight charges. 
Such oil will come within reasonable figures, when the cost of reship- ; 


_ ment is low. Therefore, unless the oil for roads i in the interior of the 
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of roads must be confined to points near the seacoast. — ’ 
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OONCRETE PILES 
Discussion.* 


By "Messrs. i Tower, 


Maxwep M. Upson, AND C. he: 
Morton” TowER er, M. Am. Soc. E. (by letter).— —Owing to the mr. 

continual rise i1 in the price of timber, as well as on account of the in- 
destructibility 0 of concrete piles, the latter ‘are sure to have an imereas- 
ing range of application. Even in the locality of San Francisco, with ib 
the fine Pacific Coast pile timber within a radius covered by | low ocean | - 
freight rates, the concrete pile has found a demand, and its design is . ss 

a matter of interest and a subject of study for engineers. oe a 
For lengths of 60 ft. and less, the design of reinforced concrete piles’ 7 


iling contains ‘no unusual features, numerous | examples have 

illustrated and described in the technical magazines and society 

dam, ceedings. piles 3 more than 60 ft. long, the weight and strains due 
to hendiioe: render excessive reinforcement necessary, and, thus far, _ 


‘such piles have had few, if any, practical applications. In all proba-— 

bility, a long pile could be designed in the form of a 

cylinder with longitudinal diaphragms, which would be considerably 

lighter 

: Metal pc points on “made- -before-driving” piles seem to be superfluous. 
Shoes were once deemed essential on ‘wooden piles, but are seldom = 

used at the present time. For the ‘ ‘made-in-place” type, using some 

form of light metal casing driven into the ground, the metal point is 

Piles with s ends are m ich m re ea ily kept in line while 

quare are much more eas p 

- driving, while the } points add little if any to the rate of penetration. 


Thea advantages of a square end for bearing power are very evident. | 


___ * This discussion (of the paper by Howard J. Cole, M. Am. Soc. C. E., printed in Pro- 
- | Roe for May, 1909, and presented at the meeting of September Ist, 1909), is printed in 
roceedings in order at ail views expressed may be brought before all members for fur-— 
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DISCUSSION ON CONCRE [Papers.. 


Mr. Tower. — For these reasons, concrete piles for general use should be designed 
™ with square ends ; for stiff clay soils, resulting in hard driving through- 


out the entire the pointed en may be of sufficient ad- 


vantage to warrant its 


ak The advantages of the water-jet for placing concrete piles are very 


evident. Probably this method of driving has been developed more 
fully at the jetty at the ‘mouth of the Columbia than any- 


Pa 


The of the apparatus ¢ and methods cused there, with very 
few changes, would a apply to, the handling and placing” ‘of concrete. 
a piles. Briefly, this consists of two jets, one on each side of the pile, 
water emerging from 24-in. pipes with 1 no contraction, the 
_ lower end of the pipes projecting from 3 to 4 in. below the lower end 
the pile. After the pile enters: the ground, the water pressure 
- maintained at from 80 to 120 Ib. | A duplex pump, 10 in. in diameter 
and with an 8-in. stroke, is used, the boiler pressure being from 100 to 
120 Ib. . Between ‘the pump and the pile the water is carried by 

of 44- in. pipe and fire hose. Piles with points not less than 
in. in diameter have toa penetration of 30 ft. in from 
10 to 15 min., including the time required the grade, as 


‘te are not sawed off. 


numerous contractors’ plants the boiler and pomp capacity are. 


‘that ‘failure to r recognize advantages" of larger plant. has 

the: reason why the jet t method has not as yet come into more 

use 
_ The jet method i is applicable i in any | soil which will settle about the 

‘pile’ after the flow of water is stopped. For pure ocean or river sand, 

of ruining pile over- -driving, as the in. 

Mr. Cole’s ‘paper. “It is the writer's: opinion that piles. are very often 

driven” to destruction, ai under the direction of conscientious but in- 


"experienced imspectors, 

— As far as the writer is aware, there is no formula for « computing 

= ‘te bearing power of piles jetted to place, and, for the bearing capacity, 


- one would have to depend on comparison + with driven piles, or or on 
actual tests on piles in similar soils. ton 
aa The condition of the pile surface, as to roughness or smoothness, 
a. annot have any great effect on the bearing capacity. Small indentures 
al 
‘ment is ‘concerned, become a ‘peation a the ‘and the frictions 
resistance to the pile moving through the soil changes to a shear i in the 
- soil 0 over the small area in “question; the resulting difference i in bearing 
power would be of no practical value. 
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on CONCRETE PILES 
MENSCH, M. Am. Soc. Cc. 
treats of a subject which ‘serious attention. Very often 
expensive foundation methods are resorted to where the work could pend 
been done with reinforced concrete piles for less money and in less 
-_ It is the writer’s opinion that Raymond or Simplex piles should 
only be used for short lengths and where the strata yer are 
well-known. from previous _test- -borings, and consist of easily com- 
pressible soils co containing very little g rround- water. The driving of 
the steel pile | compresses the soil, and there is: a tendency t to diminish 
the size of the hole when the pile is withdrawn, which cannot be p pre- 
vented by the loosely connected | No. sheet-metal shell of the 
Raymond pile, | or r by the weight is a few feet of concrete, in the case | 
of the Simplex pile. There is much less danger in this respect if the 
hole is drilled by the ordinary -well- driving process and sections of 
bow pipes are sunk, which are afterward withdrawn » and the bole 


ie Tn all ‘made-in- -place piles there is considerable danger of obtaining 
a poor quality of concrete, ' when dropping it for considerable di di 


and a very careful supervision is absolutely necessary. in 1 order 

en driving | Raymond or Simplex piles there exists a danger 

which has caused failure several times, in that t the adjacent green piles» 


are injured by displacement. -Ground-water, , also, has often caused 
Piles, cast in holes made by the well- ‘driving process, can be used 
with great advantage where only a few are needed and where it does 
not pay to install a pile-driving plant, or Inside of buildings, or in’ 
underpinning buildings, where the driving of piles: “might injure 
i - Mr. Cole mentions some cases where the steel | pipes remained in 
Place. is how long the pipe may Jast, 
“cases, ‘the use of such typ erie a waste of money, and a fear 
on the part of the designer to use reinforced concrete piles moulded ~ 


4 

_ Tn France made-in- place piles are | often made by the Compresso 
method. A hole is made in the ground by letting special hammers» 
weighing al about 2 tons fall from a height of 50 ft., and then strengthen- 
ing the wall of the hole by clay with a hammer of a 

ie wall o the hole tamping in clay wit 1a 1ammer of a 
Special shape. Unless ‘great precautions are taken in conereting, 
dirt of the wall n may be entrained in. pouring anda poor pile obtai = 


a The fact that made-i in- oe piles are often shown to carry naw, 
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Papers, 

Mr. Mense 

2+ - >a amount to as much as 14 tons per sq. ft. of contact surface in ‘good 

fill. In such cases a shorter pile will do the same work as a longer 

Pile, the greater part of which, being in mud, does not. add to the 
cearrying capacity, 
_ In the writer’s opinion | there are no good reasons why made-i -in- -place ‘ 

piles should be adopted in a preference to moulded piles, the latter 

type being undoubtedly the safer, 

‘Under good management it possible build piles 
for practically the same price as other piles, and i in regard to speed of — 
construction, the | writer has built piles at the rate of 40 per day and 
~ has driven 24 per day, and this is not the limit of ‘speed. en 

There is no patent on the principle of reinforced concrete piles, 

‘most of the patents 1 relating ‘to minor details which are a detriment to, 


rather than an improvement on, common- construction. 


piles need only sufficient reinforcement for safe handling “before 
driving. Wh hen they are well made and | good -driving- “cap ‘is used, 
there is less” chance of such a pile breaking than is the case with a 


_ timber pile. Conerete should have rather a blunt 


and 16 in. four 2-1 -in. . round 


These long piles are very expensive, however, | and can be sup 
e - planted by a composition | pile, such as is used in the wharves and sea 
_ walls of San I Francisco Harbor. an wooden pile from 50 to 60 ft. long 
is first driven so that the top. “projects about 10 ft. above the mud- 
pager is from 20 to 380 ft. below the top of the wharf. Over 
thie wooden pile, ‘a hollow concrete pile from to 3 in. thick 
having an outside diameter of about 24 in. is driven tn a good bearing 
— . the mud. . These hollow piles are reinforced by from at to 6 sq. in in 
- of steel in a longitudinal direction and by No. 1 wire, 4 in. on 
vr centers, in a circumferential direction. _ The mud inside the pile is 
‘ejected by a a water jet, and sometimes the water is pumped out, 
: the interior filled with concrete. The advantage of hollow piles over 
‘s = e piles lies in the lower cost of the composition pile and a also in 
_ the greater stiffness. , Besides, the bearing of the 24-i “in, . pile adds 


considerably to the sustaining | power of the composite pile. Such com- 
re 


certainly cheaper than long concrete 


ee The writer does not think that Mr. Cole’s comparison of a 14 by 
es 144 in. straight pile with ; a tapered pile 14 in. at the butt and 6 in. at 


the: point, is fair. Tf he had compared pile having 
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ON CONCRETE PILES 


~ same amount of material as the straight 14 by. Adin. pile, which Mr. Mensch, 
ed pile would be 22 in. at the butt. 6 in. at the p point, 


| would have obtained the same surface i in both cases, and there is then - 
in favor of the tapered pile the very considerable | wedge 

1e 
Cuartes H. IGGINS s, Assoc. Am. C. E. Mr. Higgins. 
Mr. Cole, in interesting paper on “Concrete Piles,” “brings forward 

a matter of great economic importance. 


In his preliminary remarks on v wooden piles, he cites instances of 
‘such piles exposed by “subsequent excavation that were “buckled and 
_crimped into accordion- like folds, and had no sustaining Power what-— 


‘ticularly when purpose is to. drive to ‘depth without 
| regard to the resistance, as i in the case ‘referred to to. | The author states: 


“In the construction of caisson foundations for s sky-scrapers in 


ore New York City, it has been the custom in many instances to drive 
ed, timber piles to form a temporary support for the derrick traveler. 
ca. | These piles remain in place until all material has been excavated.” 
wd . Probably, if the purpose had been the ordinary one of obtaining © 
bs resistance to carry a load, driving would have ceased before the piles 
To got into the condition shown, as all who are experienced i in such 
ft Tealize the danger from over- -driving; ; but, even if a pile be damaged 


‘the hammer measures the 6 carrying ¢ capacity of the | pile, it can hardly 
be said that it‘ “has sustaining power whatever.’ “vil 
Mr. Cole’s remarks timber piles in 1 piers, docks, and similar 
structures | will be accepted by most engineers, but, what is the life 
of a concrete pile alternately covered and exposed by the waves and 
tide in this climate? If, under these conditions, the surfaces of some 
bridge piers and concrete bulkheads deteriorate, the position of a pile 
or column, not more than 20 in. in diameter, exposed on all sides to 
the waves and tide, and loaded to several hundred ‘pounds per square 


in driving, if it is true ti that the resistance to the last few b blows - 


in? on the last line page 430.* If two piles, one of and 
_ the other of wood, have the same diameter at similar places in their 
length, and the same volume, one would hardly expect the concrete 
- pile to carry double the load of the wooden pile, unless it was heavily - 
reinforced with steel. In ‘such a pile, the steel becomes great 
_ In the comparison of the relative cost of concrete and timber pile J 


foundations at Annapolis, , cited by the author, the length of the 
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DISCUSSION ON “CONCRETE PILES 


- 193 wooden were to be used, or 855. concrete pot if it 

ee assumed that 12 tons was the working load for the former, 81 tons 

4 would be the load of the latter. Ordinarily, a concrete s pile, 50 ft. 

Te and capable of bearing safely 81 tons, would certainly « cost — 
less than $1.20 per lin. ft., or $60 each, and 855 piles at $60 = = $5130 

a instead of the $17 1¢ 100 given in the text, or a total of $59 603.20 for 7h 

foundation | ‘with concrete piles, as against $52 859.18 given as the 


cost of the foundation with wooden piles. It would be interesting to 
know what conditions made the estimate quoted possible. 
7 ee In regard to the made-in-place piles referred to as Class A, the 7 
w 


riter has seen such piles driven, and, under certain subsoil gral 


it would seem to be an excellent method ; but, remembering how few 
excavations made in soil which is usually piled ¢ do not lay bare un- 
expected conditions, he would not feel secure in their use. > 
li ‘Taper may be an excellent t quality i in a pile under certain conditions, 
but, in the main, the pr purpose of piling i is to transmit the load through — 
soft stratum to a hard into which the piles usually do not 
penetrate far, and, for purpose, a large area at ‘the point and 
stiffness as a column would seem to be the chief requisites. The 


obtain when concrete is used. 
The behavior of the piles referred to as Type 3, shown on Plate — 


XVI, Figs. 1 _and XVII, Fig. 2, and Plate XVIII, Figs. 
and 2," ad 


7 reason wooden piles have a taper is obvious, but the same reason does ; 


Plate XVII, Fig. 2," after being driven in sand with a hammer 
weighing 3500 Ib. to an extent that would have crippled a_ ‘wooden 
pile, showed no _damage- being withdrawn, except for about 23 ft. 
of the head, which is shown in the photograph. Aside from the cost, 
it would be hard | to 1 find any objection to them. How they will stand — 
the action of sea water when | alternately covered and exposed by ‘the 
tide and beaten by the waves during freezing weather a question 
“the + writer is trying to determine by observation of one m made at ‘the 
game time as those shown on the plates, and put in position about a 
ago. It is still too early to draw any conclusions. 
Excellent. concrete piles can be made, but their use, except under 
exceptional conditions, is prohibited by their cost. The reference to 
composite wood and concrete pile used at Tela is of interest as 
it is along this line that the writer believes development will occur. 
Won piles are spliced successfully with a dowel and ferrule. . The 


writer has in mind several important structures aa wach piles, 
* Proceedings, Am. Soc. C. E., for May, 1909. 


— % Mr. Higgins. piles is not stated, but the price, $9.50 for wooden piles, in sucha J. 
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where, d due t to lack of head Toom, 40- ft. or 50- ft. piles were driven in Mr. Higgins. — 

three or four sections. Therefore, as | the chief advantage in the use 
of concrete piles f for foundations occurs when the permanent ground- 
water level is a number of feet below the surface, as pointed out by 
Mr. Cole, why cannot a section of cast concrete pile, properly rein- ‘ 
forced, be spliced to a wooden pile, thus gaining the advantage of 
permanency in the. pasion above water, and, at the same time, reduc- 
ing the total cost of the pile by using wood below water where it is 


In the hn of a 50- ft. pile, where the water level is 10 ft. below 


the surface, the cost of” a pile at $1.20 per lin, 


the cost of a composite pile would bes ‘si 
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Wood, 40 lin. ft. at 20 cents per lin. 
4 Concrete, 12 lin. ft. at $1.20 per 
Dowel and: ferrule. 


or a saving of $32.61 per pile, over an all-concrete ‘de saa s a sav ing 


in excavation and concrete piers over wooden piles cut off at. t water 


AXWELL M. Upson, Assoc. M. Am. Soc. =" is to be re- 
- gretted that more definite data on the carrying capacity of piles of 
various Shapes and types not available. The speaker has examined 
all the available literature on this ; type o of foundation construction and 7 4 


a found comparatively little that can be used as a direct guide in in pre- 


and- 
with 


| 


_ The chief reason for this is that the solution of a piling problem : 


ymer depends entirely on the nature of the soil, and, as all engineers know, 
oden there ; are almost as many kinds of soil and combinations of strata as 
ft there are piling jobs. For that reason engineer who has had the 
cost, ‘most experience in the design and construction of pile foundations 
stand is most loath to place himself in writing” on its theories and laws. nt 
y y the Because of this lack of information, the speaker has been accumulating 
stion data for the past two years, with the object of eventually putting it. 
t the into paper to be read before’ this Society. These data are not yet 
out | a . complete, and it is only with a view of calling attention to information 
which seems to be at variance with statements in Mr. Cole’s paper that 
ander a ‘the following 
The speaker ‘desires to vee particularly to the relative advantages _ 
ol tapered and straight piles. ‘During the past two years it has been 
his. privilege to have charge of the driving of a great many thousand 
concrete piles, comprising more than 7 5% of those driven in the United - 


States, Within that time, soil conditions have been encountered 


about a hundred different locations. this information, together 
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an aid to but not always” accurate 
that, during his early connection with work of this kind, he made 
nigel 
attempts to do so, but found, however, that figures of this character 
were not borne out in practice, and that every tule seemed to have 
an infinite number of exceptions. 
Mr. Cole seems to be under a misapprehension i in regard to the 
= B” pile, as he has classified it only as a “tapered pile.” Tt is” 
‘not essentially a tapered pile, and, in fact, in several instances, where it 
at ane. to use a straight ‘or very slightly tapered pile, 
piles of this shape have been used successfully. 
i. ‘The inventor of this system (prior to its development) spent about 
20 y years as a wood- piling contractor, and built many of the railroad 
_ bridges in Kansas and Nebraska. It was his observation that tapering ~ 
a wooden piles” in friction soil g gave the better carrying capacity. On. 
that account, when he invented the “Type system, known as 
“Raymond,” he expe experimented with a variety of ‘tapers. His original 
" ‘design made it essential that the Piles should have some taper in order 
— g to keep the shell from creeping uf up on the core. e. Since that time certain 


= changes and variations have been evolved which obviate the necessity — 


of a tapering and make it possible to use a perfectly straight 

‘core. | The company which puts in this ‘ ‘Type B” pile is prepared to. 

put in either straight or tapered piles. 
a ‘The e fact that 90% of the work executed by this 3 company is based 

on tapered piles, indicates its firm conviction that this particular form 
Tae advantage in carry ing capacity. _ This c conviction is arrived at by 

_ information received from two sources : ‘First, from a careful record — 


of the resistance encountered in and second, from a eareful 


The method of placing these piles of with a steam 

~ hammer, a steel core encased in a shell, which makes it possible to 

_ observe the penetration under each blow of the hammer; and since the 
: — of sa core and hammer i is constant, a comparison of the carry- 


a large of tests, it tach, of measur- 
ing the resistance is practically good as weighting the pile. 


~ Loading tésts have been carried on in which the real carrying power 
ns of the pile has been checked with the resistance demonstrated at the 


The following are . the results : of tests made i in 1 Boston i in the fall 
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one “that, for the soil in question, a straight pile had advantages 
taking an attitude: similar to that expressed by 


18 in. the butt, the “Core Ay was 6 in. at the point and 
20 in. at the butt. It should be observed that it required 944 blows sal 
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a to drive Core 20 the last inch of penetration re- 

y by quiring 8 blows. Core A, with the increased taper, required 875 blows 7 
‘pile to drive it 20 ft. into the ground, the last t inch as penetration er g 

At ‘the « expiration of ‘month, both these piles w care-— 


fully tested, the result of which is shown in Fig. 2. Pile with the 
slight taper, | showed an initial settlement of 2 in. with a load of 22 


wit 
power 


i the tons, while Pile A did not show a settlement of a in. until after 63 ie 
tons had been placed up upon Lit; in fact, it showed no settlement 
e a load of 35 tons, and an unappreciable settlement up to 
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tons. ' These ‘results are particularly interesting in view of ‘the fact 
that the en engineer who made the 1 tests did so for the s ‘specific y purpose of 
demonstrating that a straight pile has increased carrying capacity. 
The results o of these tests have been demonstrated again and again 
in the experience of the company with which the speaker is connected. 
It is his firm conviction that the success of the work undertaken by | 


= company, with an experience of eight years, in which no a 


of the concrete piles. driven in the United is due, », first, to 4 
absolute test which is afforded by watching the penetration of the pile — 
while being driven; second, to the assurance that each pile is perfect, 7 
_ because the shell permits careful inspection; and third, because of the 

taper of the pile, which, in the speaker’s opinion, , increases the friction. 


in proportion to the load imposed. Se 


= It is not contended that there are not many places i in which a 
straight pile | has its advantages. As am matter of fact, it is necessary 
where the top. soil has little or no bearing capacity or may be washed 
away, and y where the e underlying | strata are either | hardpan, gravel, or 
rock. It i is surprising , however, how infrequently these conditions are. 


met in piling propositions, 


: does not seem wise at this time to attempt to enter into a dis- 


cussion of the theory of why a tapered | pile has a greater carrying 
capacity” than straight pile. There are several theories, and the 
speaker believes that they obvious to most. deep- thinking enginecrs. 
At a later’ date he hopes to present his v iews on this “subject to the 
As a matter of economic interest, seein is called to the record 
(on Fig. 2) of the test of a 35-ft. pile driven in the same ground ; this : 
a pile n measured 8i in. at the point and 18 in. at the butt. 3 It will be 
observed that on 1 account of its decreased taper it was ‘possible to 
secure a penetration some 15 ft. more than with the 20- ft. pile having 
the e maximum taper; the increased 


rial i increase in the cost of many concrete pile foundations, for the re cason 

of that contracts are usually awarded on the basis of the lowest price per 
: linear ‘foot. It It is well-known that, in a measure, the cost of piling is 7 
inversely proportional to the ‘number of feet involved i in the contract. 2 
‘Ti is obvious, therefore, that the bidder who contemplates the use of a | 
traight or nearl straight pile or form realizes, unless the site over- 

straight o early s pile o » unless 

hardpan or ‘tock, that any desired penetration may be 
re In other words, a straight pile, AO ft. long, ‘ean be used where a tapered — 

; 7S 20 ft. long, would have been more effective. _ This means that 


the ar of piling has to be be paid for. prin- 
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ciple is: well illustrated in New Orleans, where some some recent important yp, 
‘structures are resting on 20-ft. t tapered concrete piles which were sub- 

stituted for 7 70-ft. wooden piles. Tests on the short tapered concrete 
_ piles showed an increased carrying capacity of from 25 to 50% over 


the 70-ft. wooden piles. 


‘The relationship between ‘the number of blows per inch and 
carrying capacity under test is well illustrated in the curves on | Fig. 2. 
It ‘will be observed that the pile with the slight | taper brought up up at | a 
resistance of tions per inch, while the pile with the increased taper 
required 20 blows per inch. The first pile showed a settlement of 3 in. 
under 22 tons and the tapered pile a settlement of % in. under | 65. ‘tons. 
~The: ratio between the carrying capacity and the number of blows per — 
Iti is to be regretted that the method of checking the carrying capac: 
ity of piles by their penetration cannot be worked ot out in a built- “up 
ep ‘This i is due to two reasons: First , their n ‘mass 1 is s variable, | and is 


ale to preserve the pile, an elaborate system of cushions has ‘o be - 
are the efficiency of which may vary almost 100 per cent. In other 


& 
., words, when a cushion block is new and in good working order, it may 


dis- transmit 15%. of the bl blow to the pile, and when 1 it is o old or out | of order 
ing it. may, ‘absorb practically all” the blow. ‘This is a feature which 
the " a sometimes not considered by engineers who keep a record of the driv- 
the | It has been | well brought out by Mr. Cole that there is serious objec- | 
_ tion to the use of a permanent shell, on account of its cost. . With this 
20rd _ in mind, the speaker has made a series of investigations and experi- 
this _ ments with a a view of eliminating this from the ‘ ‘made-in- place type” 
be 4 of pile. As y yet it must be admitted that a satisfactory w ay of obvi- 
2 to = ing this expense has. not been found. The The more the > matter is studied, | +t 
ving the more difficult it seems. Piles must be driven in succession, within 
= short distance of one another, and for this reason it a 
is found that, unless a shell or protection of some kind remains 
et the soft concrete, the driving of adjacent piles compresses the 


soil and euts off or warps | the green piles” pre- 


THoms AS Desmonp, Esq. (b y letter.)—The conclusion. of Mr. 
Cole’s paper contains comparison of relative supporting power 
of tapered piles and piles of uniform diameter. writer 
fully takes exception to this comparison for two reasons: ‘First, Mr. 
Cole does not ; compare a pile of uniform diameter with | a “tapered pile | 
of equal volume; and second, in his computation of “skin-friction” 
area, » does not take into account the action of the — 
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PILES 
Mr. ‘Desmond, Science at the Massachusetts Institute of Technology, in June, 1909, 
the writer made an application of the Rankine theory of earth pres- 
a “as 7 sure to a discussion of the relative supporting power of tapered piles 
and of piles of uniform diameter. As far as he knows, no computa- 
tions have ever before been published, wherein the reactions of the 
7 surrounding earth, which go to make “ the supporting power of a 
i “i pile, have been computed according to any theory of earth pressure. 


piles will be ¢ lere n Fig 3, is 30 ft. 
. 2 long, with a diameter of 20 in. at the butt, tapering to 8 i in. at the point. 7 


These are the dimensions of a standard, “Raymond pile. ~The 
 peonnd pile, shown in Fig. 4, is 30 ft. long, with a uniform diameter 


“may contain the same volume of concrete as the first. Sa a 
a have been made for the theoretical ultimate support- i 
_ ing power of the two piles, assuming values of B = the angle of repose - 


of 14.42 in. This diameter is choosen in order that the second pile 


of earth, ranging from 0° to 30°. The results” are plotted in the 


curves of Fig. | 5, where the abscissas represent the of and the 


homogeneous from 1 the butt to the point of of ‘the pile. 
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pIScUSSION ON CONCRETE PILES 

In oe pon ‘the method of making these computations | and the Mr. Desmond. 

underlie ‘them may clearly understood, the 
= will be. given in full. 

Let B = the angle of repose of earth on earth, assumed = Ws. " 


7 B= the angle ¢ of friction of earth on . concrete, assume 

v= : the weight | of a cubic foot of earth, assumed = 100 Ib., 

: G = the weight of a cubic foot of concrete, assumed = 145 Ib., a 
_ A, = the area of the butt of Pile I = 0.7854 X 400 = 314.16 


A= = the a area of the point of t= 0.7854 x = 50. 50.27 


4 
2 

& 


= = 120; (314. 16 + 50, 50.27 ).27 + 4/314. 50.27 


120 (364.43 + /T5 800 800) 
= 120 X 490.1 = 58 800 cu. in. Sepals ? 


ded 


vi Talues ¢ ‘of Be Angle of Repose we Earth 

The Then the of | of Pile ive 4 


ave the same volume 
Pile I, , the cross-sectional area a of Pile II must be = = 163. 4 sq. in. 
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Mr. Desmond. d, = the diameter of Pile 


168.4 
72 


- = 14, in, 
200 X 145 


Ww eight of Pile I =w eight: of Pile 
Assuming the surface. of the ground to be a horizontal plane, and 
calling P = maximum ‘intensity of pressure, in pounds per square 
4 foot, possible « on a horizontal plane at a depth, d, below the surface, it is 


shown in the the ‘Rankine of earth pressure 


j is, in case when. B= 
= 100 X 30 
Therefore, the Q, acting on the of Pile Is 


27 000 x a= = 9 420 lb. Also, Q, acting on the point of Pile II = 
27000 X = 306001. 


Again, it is shown in the demonstrations of the Rankine theory of 
earth h pressure t that, when the surface of the ground is a plane, the 
pressure on any vertical plane is parallel to the surface, and the in- 
tensity of pressure on any viene varies directly with the depth. Also, 
w 
i 


when the surface of the ground is horizontal, letting q = maximum y 
possible on a vertical plane, in. pounds per square 


4 That i is, for this case, when B = 
0.5 9 000 Ib. per sq. ft. 
_ Considering Pile II, since the intensity of pressure is zero at the 
butt of the pile and 9 000 lb. per sq. ft. at the point, and the intensity 
varies uniformly from butt to point, then the total perpendicular 


pressure on th on the lateral surface of the 


360 = 000 Ib. 


= the supporting power « of Pile IL wo friction 
000 «K tan. B= = 510000 xX 0. — — 994500 lb 


Therefore, the ultimate power of Pile 
. = 294 500 diaiiea 600 — 4 930 = = 3200 000 0 Ib. = 160 tons. 
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ON CONCRETE) PILES 


Let an | imaginary cylinder be considered, the projection ¢ of which Mr. Desmond. 
horizontal plane is the butt of Fide I, aul the outlines of which ; 
7 are indicated by the dotted lines in Fig. 3. _ Then the total pressure — 
on the lateral surface of Pile I i is of three forces, namely 
(1), the total pressure on the lateral surface of the » imaginary eylin- 
der, acting horizontally = R; (2), the total | ‘pressure on the area of 
the base of the imaginary cylinder less the area of the point of the 
= acting “upward = ‘8; — of a 


1416 X 2 360 _ 
~The value of R = 4 500 X 3.1416 X 20 X 360 _ 708 000 1 lb. 


a. Also, assumi g that the intensity of pressure on that part of the 
base of the cylinder which is not included in the area of 
the point of the pile i is merely the ‘eainney pressure due to the inh _ 
below the surface of the ground = = wd, according to the tankine- 


14.16 50.27 


963.89 


$—3000X =5 500 Ib. 
(360 X 314.16 — 58 


54200 


1 728 lb. 


an 
um nee the vertiea component of the total on the lateral 
are = of Pile I = S — T = 2360 bb. » and the horizontal component is 
= R = 708 000 Ib. Within limits. slide-rule accuracy, the 


of 
the 
in- 


sultant total on the lateral surface of the is therefore 


B if t “su > 7 
the "surface the is at an angle ver 


= = 89° 


4 
with the lateral ee of the pile, a as shown in Fi ig. . St 


= component of this” pressure normal to: the surface of the pile 


= 708000 X sin. 89° 15” = 708 000 0.9991. 


708 3 000 Ib., approximately. 
= the total frictional resistance of the | = = 
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Mr. Desmond. The vertical this frictional 


409 000 


= 416000 lb. = = 208 1 tons. 


the s superiority y of tapered theoretical 
‘power. It must be e carefully 1 noted » however, that these computations 

s e for soils which | are homogeneous from the butt to the point. of the 
pile. In the case 80 often met in practice, where the piles are driven | 
through soil with a low angle of repose at the butt of the pile and a_ 
high angle of repose at the point, that is, where the piles act practically 
as columns unrelieved of their load until they : reach a solid substratum, 


then, obviously, piles” uniform or increasing diameter would be 


| 


lz: 
resistance = F, 

0986 = 409 000 Ib., «= 
ng power of Pile I 
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MEMOIRS OF I “DECEASED MEMBERS. 


Nore.—Memoirs will be in the: volumes of Tran sactions. Any 
which will amplify the records as here pr inted, or correct any ns ali be forwarded 
to the Secretary prior to the final publication. . waa 


CABELL BRECKINRIDGE, M. Am. Soc. 


DIED Novamnan 189H, 1907. 


Cabell Breckinridge was born in Louisville, Kentucky, on icine ; 


22d, 1846. He was the youngest son of the Rev. Dr. William Lewis 
‘Breckinridge a and his wife, Frances Caroline Prevost. His father was. 
for nearly twenty- ee pastor of the First Presbyterian Church 
of Louisville, and later was at different of 


paternal grandfather was of 
General of the United States during a portion of President Jefferson’ . 
administration. His grandmother was Mary Hopkins Cabell of Vir- 
ginia. On the | maternal side he was descended from John Bartow 
Prevost Judge of. the Supreme Court of Louisiana, ‘and his wife, 


Frances Ann Smith, the daughter of Dr. S. Ss. Smith, ‘President of 


Princeton College, and granddaughter of John Witherspoon, President 


7 * Princeton College and a signer of the Declaration of Independence. | 


During his childhood, Cabell Breckinridge attended the school 


‘the Rev. Joseph J. Bullock, at Walnut Hill, near ‘Ken- 


tueky, and was afterward a student at Oakland College, Mississippi, 
= at Centre: College, Danville, Kentucky. : At the age of eighteen, he 
left college before graduation, and joined an engineering party which, 


under the direction of Colonel Brodhead, “was engaged on a: 
naissance for the Louisville and Nashville Railroad in Rockeastle 
County, Kentucky. From this time until the end of his life, Mr. 
Breckinridge was engaged, with the exception of a few interruptions — 
in his later years on ¢ _ account of sickness, in the practice of his profes- _ 


as a civil engineer. ~The record of his’ engagements, 
from a memorandum left b him, ‘is. as follows: 
1865—Rodman on Louisville of the and Nash- 


(1866-70—Leveler, Transitman, and Resident Bagineer on the Louis- 
ville, Cincinnati, and Lexington, now a part the Louisville 


Engaged on a line in Wisconsin, afterward the Wisconsin Cen- 


1871- 13—Resident Engineer and Assistant Division Engineer on the 


* Memoir prepared by Onward Bates, esident, Am. 
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MEMOIR OF CABELL BRECKINRIDGE [Memoirs 
“1974- 78—Division Engineer and Expert on the Cincinnati Southern 
: -80—United States Government service: “Assistant Engineer on 

1880- 83—Chief Engineer, “Alabama, Great Southern Railway, now a 

portion of the Cincinnati, New Orleans and Texas Pacific Rail- — 


1883-84—Division Engineer on the Philadelphia Branch of the Balti- 


more and Ohio Railroad. 


1884—United States Government service: Assistant the 

and White Rivers. 
1885 -86—Engaged with the Beaver Creek Coal ais. re 
-1886—Reconnaissance Kentucky Central Railway (Louisville and 

_ Nashville) for lines to coal fields, and survey for a bridge over the | 

-1887—Division Engineer, Tennessee Midland Railroad, making surveys. 
1888— -With Cincinnati Southern and Louisville and Nashville Rail 
United States Government: Ice Lock, Marictta, Ohi 


1892- 94—Engaged on asphalt paving for the City of Covington, ‘i 
-1895- 96—Division Engineer, Tennessee Central Railroad. 
1896—State of Tennessee: Brushy Mountain Coal Mines. 
> —-1896- 97—With Louisville and Nashville Railway, inspecting masonry, 
rebuilding bridges, and putting in ‘retaining walls at Benson wash- 
1897—On the United States Government survey of “Warrior River. 
1898-1900—Engaged on surveys for coal roads. 
1901—Division Engineer, Texas and Pacific Railway, on — { 
1902—Division Engineer on Seaboard Air Line, on from Rock- 


” 1903- 04—Chief Engineer, Tennessee Railway, and Tennessee Develop- 


1904-06—In “private practic. 
1907—Engaged on electric lines. 
this record it it will that Mr. Breckinridge’s pro- 
fessional labors extended over a period of ‘more than forty years. Ih 
that time he contributed his full share in the work of developing the 
prosperity of this Nation during the era of its greatest advancement. | 
In the sense of giving his life’s service to the country for the improve- 
ae of its physical condition, and the building of its transportation 
. systems, he was a patriot and g good citizen. His name deserves | all 
honored place | among those civil engineers to whom the Nation owe: 
a a debt o of gratitude, for lives spent in the accomplishment of f the com- 
mon good, without regard for personal rewards. The nature of Mr. 
Breckinridge’s engagements, and his devotion to the work immediately 
in hand, stood in the way of a widely distributed | acquaintance : . and the 


general reputation he would have enjoyed under other conditions. 7 He 
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[EMOIR OF Ci ABEL 
was greatly esteemed as an engineer by his associates who were capable | 
of judging his. attainments, and their regard for his personal qualities 
was remarkable. — The writer of this memoir remembers him in 1869, as 7 
a splendid specimen of young manhood , with every prospect of profes- — 


A 
= 
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sional success. That his ultimate success may have fallen short of 
what was ‘expected by his friends, may | be attributed to a character 
ti- ~ which» was always kind and just to others and yet failed to do justice a 


to himself. Any criticism of that character is lost in the feeling of 
affectionate regard entertained for him by those who enjoyed 
acquaintance. Although the writer met Mr. Breckinridge early in a os 
career, he was never placed in intimate relations with him, and in 


: preparing this memoir has obtained the data for it from those who v were 


as are now including those direction he 


2 as employed, and those working directly under | him, as well as others i 4 
who had the opportunity of judging him as an Engineer and Man, 
ae been consulted by correspondence. While all these correspondents 
agree in ¢ a high estimate of him as an Engineer, _they seem moved ed to 

lay a greater stress upon his ‘manly and lovable qualities. Iti is proper 
to mention these tributes” to his character i in a ‘sketch of his life, and 


this cannot be done i ine a better” manner than by ‘quoting | the exact 


+ words of those who were best acquainted with him: _ ae 
4 “He was an intelligent, energetic and capable Engineer, rea 


for ‘service night or was very fond of him, consider- 
ing him an exceptionally spable and agreeable assistant. 
i ‘Large, both in mind and body, his was a most lovable nature. He 


was a big-hearted, brave, generous fellow, and always a courteous _ ; 1, 


e was a man of high integrity, a genial companion, and true 
He was an engineer of ability and good judgment in handling 
wonderful grasp of details, and minutie of the 

a “astounded me * Personally, he was a most delightful com 
anion, and always courteous, even extreme provocation, 
; rw ‘much go as to completely control an engineering party by this method 
ie the a Regarding his personal character, all of us who knew him can_ 
ment speak in the highest terms. was a typical Southern gentleman, 


prove ) the highest, educated class. The very soul of personal honor, he was 
notably loyal to, and ever ready to serve his friends. Quick tempered — 


to a fault, but even more just and generous.” 
ome wd was a very a high capacity, 
com 
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He I ever met, and a fine 
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MEMOIR OF CA BRECKINRIDGE [Memoirs 
a mts served with and under Cabell Breckinridge during the construc- 
‘tion of the New River Division of the Chesapeake and Ohio Railroad, 
- 1870-73, and of the Cincinnati Southern Railway in 1875 5-78. He had 
the confidence and esteem of his superiors, and the respect of his 
associates” and subordinates. _ He was a man of great energy Pol 
executive ability, with the highest ideals of courtesy, honor and 
“Al of our people knew him and loved him. The men who worked 
under him had the greatest confidence in him as an engineer and loved | 
_ him as a man. “From a professional point of view he was in the front 
=> a man, he possessed those qualities which endeared him to 
every one he met. He was brave, he was gentle, and trusted his friends | 
implicitly. He was possessed of the highest honor.” 
work always stood bearing testimony to ability and 
faithfulness as an engineer. As to his personality, I have never 
‘known a more ‘auaiiean loving and lovable nature; true and ever loyal 
to his friends; kind and courteous and thoughtful for strangers and 
those who worked for him. He made friends wherever his work called 
him. With a tender love of the beautiful, both in Nature and Art, he 
=<" was in thorough sympathy with the artistic temperament of his gifted 
“He was an engineer of no inconsiderable accomplishments, an 
“excellent organizer, an indefatigable worker, and a man of much force 
and» vigor. As a man and gentleman, he had but few peers, and no 


- superiors. A man of distinguished appearance, of fine presence, of 
_ courtly manners and of — dignity, he was as much respected for 


the sincerity of his nature. No man 
whom I have ever worked commanded more of noe respect or gained a 


stronger hold ‘upon my personal affections. 


given in a words of his biographer, the latter might hoe. ate sus- 
pected of using his office to eulogize a friend, and he i is grateful ved he 


orn family. by. a 
Paere-an and a son, , the latter a banker in New Orleans. —_— 
Cabell Breckinridge was elected a Member of the American Society 
of Civil Engineers a on June 1st, 1881. He died at the age of sixty-one 
the Presbyterian Hospital i “Atlanta, Georgia, of Bright's disease, 
and his body was interred at Frankfort, Kentucky. 
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is not as asa a body, for r the facts. opinions, adva 


in any of its Publications. 


The New York Tunnel eee of the Pennsylvania Railroad: The eC 
Tunnels. 


James H. Brace and Francis Mason, MemBers, Am. Soc. C, 1016 
The New York Tunnel Extension of the Pennsylvania Railroad: The East River : 
By James H. Brace, Francis Mason, and S. H. Wooparp, MEMBERs, AM. 


River Protection Work on the canes. City Southern weenie Near Braden, Okla. 
By J. A. Lanmer, M. Am. Soc. C. E 
‘Water Supply for the Lock Canal at Panama, > _ 
JuLio F. SorzANno, M. Am. Soc. C 

_ The Purification of the Water Su apply of Steelton, Pa. 

Messrs. H. V. Hinckiey, R. COPELAND, and James E. 

The Traction of Freight Trains at Speeds. 
By A. C. Dennis, M. Am. Soc. C. E 


The Use and Care of the Current Meter, as Practiced by the United States Geo- 2 
logical Survey. 


By Messrs. ARTHUR H. Diamant, E. C. Murray, and A. K. BARROWS... 


_ The Redemption of the Great ‘aa 8 
By — W. HARTs, M. Am. Cc. E.. 


‘ 
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Henry Brown RicHARpDsoN, M. Am. Soc. E.. 


“Plate LXXVIL. 


Plate LXXVIII 


Plate L XX1X. Methods of Timbering, and Lining, Tun- 
nels 
Plate LXXX. nee of Timbering and Underpinning, Cross-Town Tunnels.. 
—_ LXXXI. Sections Showing Method of el: and and Timbering in Heavy 
Ground, Three- Track Tunnel; Carriage Form for Side 


Plate LXXXV. es Shields Fitted with Sectional Sliding Hoods and Sliding Exten- 
sions and with Fixed Hoods and Fixed Extensions to Floors, 
East River Tunnels 
Plate I LXXXVI. 


- = of Shield Showing Complete Fittings, and Shield with Lower 
Portion of Bulkhead Removed, East River Tunnels 
Plate L cg 


in the Shield Forward in Rock and Sand, East 
River Tunnels 
Small Shaft, Breasting and Poling, Shutters on Front of — 
and Hydraulic Erector, East River Tunnels............. 
Pl Operations in Shoving the Shield Forward in Sand, and 
Breasting and Bulkheading, East River Tunnels 
Plate Method of Operating Shields in Soft Ground, East River Tunnels. 108 
_ Plate XCIIL. Reinforcement of Broken Plates, and Intiow of Soft Clay Through | i 
Shield, East River Tunnels 081 
"Plate XCIV. Methods of Placing Concrete Inside the Iron Tube, 
late XCV. " Method of Building Brush Dikes 
oh Gauging Templet for New Croton Aqueduct 


Car, Current Meter, Rods, etc., and Method of Making Rating, 
wa _ New Croton Aqueduct 
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YORK TUNNEL EXTENSION 
PENNSYLVANIA | RAILROAD. 
THE CRORE: TOWN TUNNELS. 


James H. Brace anp Francis Mason, “Mempers, Au. Soc. E 


this paper, it ‘it is proposed to ‘describe ‘the | e 


tunnels extending costward from the easterly extension n of | the ‘Terminal 


‘Station to the permanent shafts east of First Avenue. 
a They were located under 32d and 33d Streets from the station to 
Second Ay venue, and thence, curving to the left , passed under private 
property and First | Ave venue to the shafts, as as described in a preceding 
eross- s-sections of the tu ‘tunnels on Plate 


May 29th, 1905, a a into with the T United 


E ngineering for the performance of this 


ow his contract on each” pair of tunnels” 


‘should be carri od on fr rom two. shafts. The frst, here ‘refer red to as 


the J First Avenue Shafts, were located just east of that avenue and 


mediate Shafts, were located on private property to the the north of 


_ NotTe.—These papers are issued before the date set for presentation and dis casi. 
Correspondence is invited from those who cannot be present at the meeting, and may 
Be sent by mail to the Secretary. _ _ Discussion, either oral or written, will be = 
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discussion in full, will be published in Transactions. _ 
C. E.. for September, 1909. 
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each pi pair of tunnels in the blocks between Fourth and Madison mn Ave- 
eT was originally intended to do > all the work of meal 


from these four shafts. Workings were started both | and west 
— from: the Intermediate Shafts, and those to the west were to be con- n 
tina ued to the Terminal Station. n. After t the change of. plans, described 
in a previous. paper, | it 1 was decided to sink a third shaft on each | line. 


, ‘These were known as the 1 West Shafts, and were located between ‘Sixth 


Seventh Avenues. it was found to build a 


“The First Avenue e shafts were built by Pearson Son, , Inc, 


for the joint u use of the . two contractors, as as ‘described i in the paper on 
the tunnels 1 under the East River. While the shafts were being sunk, - 
the full-sized tunnels were excavated westward by the contractor for 
the river tunnels for a . distance of 50 ft., and top ake ngs fo r 50 ft. 


farther. ‘Byt this means, injury to. the caissons and to the contra _— 


naa int the shafts by the ‘subsequent ¥ work i in the C Cross- -Town Tunnels 
was avoided. |The: west half of the shaft was for t the exclusive use of 


contractor for the 7 


‘Conrractor’ s Pua 


The method. 
broadly: spe speaking, as as follows Excavation 
modifications of the top- -he: ading and bench method, the bench being 
carried as close to the face as possible in order to allow the muck from 
‘the heading to be blasted over the bench into the full section. > The 
‘spoil was: loaded ‘into ‘B-yd. buckets (designed by the contracto 
hereinafter described), by steam shovels operated by comprease 


and heubed to the shafts by destric locomotives. 
-_ telphers, suspended from a timber trestle, hoisted ‘the buckets, 
traveling: on a mono- “rail track, deposited them | on wagons i tran 


portation to the dock. _ Arriving at the dock, the buckets were ek 


by cleetrieally- ~operated s stiff- leg derricks their contents deposited 


scows for final disposal. ‘spoil was thus transported from the 


he: eading to the scow without beesking bulk. 
hen con 


ereting was in progress, , the spoil 1 buckets 
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‘deposited in storage bins. ‘placed in _ the shafts, from which they | were 
fed to the mixers located at the foot of the st shaft about on a level with — 


a ‘the crown of the tunnels, The concrete was transpor ted to. the forms — 
in ‘gide- dump, steel, conerete cars, | hauled by the electric : locomotives. 
Electrical power was adopted largely on on. account of the restricted 
at the shaft sites, where a steam plant would have occupied < con- 
shines space of great value for other purposes. — The installation of 
steam plant at the Intermediate Shafts, 1 which were located in a high- 


“class residential district, would been highly objectionable to 


on neighboring propert ty owners, on nnnnnk: ot the attendant noise, smoke, 


and ‘dirt, and, i ‘in addition, the cost: of ‘the transportation of fuel would 


have: been a serious burden. Except. for the forges and, toward the 
“last, the steam locomotives, no ot a pound | of coal was burned o on the 
ty 
work. - The use of the. bucket t and telpher also | eliminated most of the 


objectionable noise incident to the transfer of spoil from tunnel cars 


to ordinary Ww: agons at the shaft sites. Power 1 plants were installed at 
the North Shaft near First Avenue pry ‘at the rear of the 33d Street 


First Avenue Plant.—Fig. 1, Plate is a general view of 


Fi First Avenue plant, The -house at the corner of 34th Street 


and First “Avenue supplied compressed _ air for operating drills, shovels, 
om. and hoists. in the tunnels driven from the river shafts, , and 
in it three Laidlaw-Dunn- Gordon compressors were installed. 
4 largest was a 32 by 20 by 30- in., two- “stage, cross-compound, direct. 
connected to a Fort. Wayne 480-h. p., 230- volt, -direct-current, constant: 
speed motor Tun at 100 rev. per min, This compressor was ‘rated at 
Vi 


ee 870 cu. ft. of free air per ‘minute at a pressure e of 100 lb. Tt was 


governed by throttling the suction, the being controlled by 

‘the pr pressure in the air receiver and the motor running continuously 

at a constant “The two others of similar r type, 
rated at 1 


fitted with O-ft ft, fly- wheels, and at 150 Tey. “per min. 
105-h.p., General Electric, -220-volt, compound wound, direet- current 
motors running at 655 rev. per min. The larger of these tio com 
_-Pressors was driven. by two of the motors belted in tandem, and the 
smaller was belt- -connected to a third motor. ‘The compressors: wert 


-water- jacketed and inter- r-coolers, , the water supply for which 
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“water: -cooling tower. Th 


‘The telphers, used for hoisting. or 


lowering supplies, were each hung from single rails on a ‘dias trestle, , 


about 40 ft. high, spanning and ‘connecting the two shafts. “One 


machine was provided for each shaft, | and where their tracks crossed 

33d Street they were separated s sufficiently permit the machines: to 


ass ea each other. this point, and covering the street, a large plat- 
form was on which the trucks were loaded and unloa 


(Fig. 2, Plate LXXVIII), and from which they descended by an 


incline on First Avenue leading south to 32d Street. The “platform at 


4 also. covered d practically all the yard at the ‘South Shaft and d materially 


increased the available working ar area. The telphers were re built by . 
— 


Dodge Cold ‘Storage Company, and were ‘operated. by a hy Pp. ». General 

Electric ‘motor for hoisting and a 15-h. North ern Electric Company 

motor for propulsion. Their rated lifting | capacity was 10 Ib. 


‘The carpenter shop an and machine- shop, With which s served the 
entire work, W were conveniently located i in small buildings on on the loading — 
platform. the former the saws were run independently by 
clectric: motors under ‘the platform, 


were fabricated and ‘stored on the ‘outside. ‘The machine- 
3 shop lathes, ete., were all belted. to 0 one shaft driven by an 8-h. P. pone 


Electric motor. "Above | the machine- shop was a locker-room and below 


Bit on the street level was the main 1 blacksmith ‘shop for the work. Sub- a 


sidiary blacksmith shops were located at each of the other shafts. 
The storeroom and additional locker-rooms “were” located above the 
4 power-plan nt in the North Shaft yard, and isolated from the other struc- 


mures was a small oil-house. Additional storage space was provided 


th the e contractor on 


Street just west of First Avenue by renting 


three old yards i in the rear of them and of the Rail- 


any’s cement -wareho se adjacen B:t re electri n 
dad Com pe ry’! ouse adjace it. H Here elect ic co 


4 pe, castings, and other heavy and bulky ‘supplies were stored. 


Durin e ti h h 
ng xeavation the eadings were supplied with forced ventile- 


ion through. 12- in, and -in. No. 16, spi al- riveted, asphalted pressure 


pipes, beyond the ends. of the pipes. 


af 
— 
34 
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‘No. 4 American | located at the ie of a shaft and ‘driven 


A concrete-mixing pla 
ted high enough to discharge into a at ‘the evel of “the 


in th fi of a pl tf lar carry 


‘oad delivered to this floor from ‘tie 1e loading platform through | a spiral steel 


~ chute; at the North Shaft it was lowered in buckets ts by the telpher. 


of ‘the arch, ch. Above the mixers 


_ ‘The sand and stone were drawn into the hoppers through short chutes es 


from the base of the storage bins which the re remaining ‘height 
of the shaft—about ft. At the Sou Shaft the bins were of 
~erete ‘and steel, about: hy 12 ft. i section, and attached to ‘the 


central wall of the caisson. Sand stone were ‘delivered into them 


Ww 
from dump- wagons on the: loading platform. the North § Shaft steel- 
i 


t the 

ens plate bins were used, and were supplied with material | by the he buckets 
by the telpher. | The mixers were No. 5 Smith, belt- 

to 5-h.p. motors, and about 0.8 cu. yd. of concrete was mixed at a 
The concrete cars were steel side- the Wiener or 


In order to be able continue concreting during when 


a salto sand nor stone could be obtained | by ; water, practically all the 
‘space under the loading platforms in ‘the South Shaft yards not 


i occupied by the blacksmith shop was was ‘filled with these ¢ materials, which 


were placed in storage in the late fall. 


at ‘the rear “ ‘the 


shafts were on private property, owned by the Railroad 
ee pany, on the north side of the siaeets, and each was equipped with two 
on timb er trestles, similar to those at First Avenue. 

ts were “placed “wagons” coped 

curb, as | shown n by Fie. 3 3, ‘Plate LXXVIII. ig 


Blowers ventilation were il stalled t we 


Avenue, and, aft he small 
xcavation h ome distance, small 
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~ The | eonmate: P ant in each s a t was similar in arrangement 


4 


but storage bins had wooden w alls made of 


Street shaft site, and the used a 


‘After the decision | to ee part of om work between ats and Seventh 


Avenues” in open cut, an 8-in. air “main was laid in 33d_ ‘Street to the 
West Shafts, and air was supplied ‘from the Intermediate Sh: eee for 


work: on both streets in that neighborhood. 


West- Shaft Plant.—West ¢ of Sixth Avenue, between 


‘deat from the Hudson and Manhattan Railroad Company the use 


of a large area from which | the buildings had recently been removed, 


and gave the use of it to the ‘contractor. T his of great value i in 


prosecuting the ‘west end of the work. The West: ‘Shafts were 


Tocated in ‘the supplied with timber trestles 
simil ar to those at the Intermediate ‘Shafts. One telpher_ was taken 
from each of the Intermediate Shafts to operate at each of the West 
. Shafts. : In a addition, a number of | stiff- leg derricks were set up along 
the open-cut cut section, and were ‘operated by Lidgerwood or Lambert 
air hoisting e engines, or by electric motors, as circumstances dictated. 7 


4 15-ton. City locomotive er crane was also used along part of the 


ment being as s at the plants already described. 


account t of the the 
fifth Street Pier— —For the 1 receipt. and of 


at th the | 36th Street pier, ‘Ser stiff. leg derricks, operated by electric 


hoisting engines, "were “installed. Two were used in lifting 


from the wagons and dumping their contents on 
scows for final (Fig. 4, Plate and the other tw 
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were ‘fitted with buckets for unloading sand 1 and broken 


- sto tone from n barges and | depositing the materials i in large hoppers, from 


which they were drawn into wagons for ‘transportation the various 


which they were 
fr oe concrete plants. A large part of the cement (all of which was supplied 


q 

by the Railroad Company) was also unloaded at the 35th” Street 
“4 


pier and hauled directly to the work, the surplus being stored tempo- 

rarily in the Company’s cement ‘warehouses: on 32d, 33d an and 35th 
Streets, near 1 First Avenue, from which it was drawn as required. 


os On the dock | was located the main “powder : magazine, a small concrete 


structure. Considerable use was also made of neighboring | piers for Fi 


unloading conduits, lumber, steel, etc. 
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unnel PI ‘Plant —The buckets D. L. Hough 
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1 and various photo 


hes were of 3 ou. yd. capacity and were split longitudinally, 


= the two halves being pinned at the apices of the ends. For lifting, t they 


were suspended from oo at that point, nd, when dumping, 


‘gh 
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“ropes were re hooked into eyes at the bottom of each side; lifting the if 


ropes or r lowering the hoisting rope split the bucket, as. shown i in Fig. 
G 


a 


4, Plate’ and dumped the contents. "They were re transported 

in the the tunnel on Jon flat cars, and in the street on “Wagons, both cars and 
wagons being with cradles s shaped to Teceive the bottom o if 


In the ‘tunnels the loading was s done with air- operated steam shovels, an 


four (Model | 20) ‘Marion ‘shovels being used at various ‘points of the 
work. In Fig. 1, Plate LXXIX, one of these is shown loading the bucket. 


The cars. were | hauled by General Electric, standard, 10- -ton, mine 


locomotives, the current for which v was taken at 220 volts from a pair *2 
of No. 00 copper r trolley 5 wires ‘suspended from the roof of the tunnel. 
The collector was a small four-wheeled buggy riding on the wires” and 


a to the locomotive by several hundred feet of cable wound 
on a reel for use beyond the end of the trolley wire. Fs ‘Two 84- -ton, es - 
Davenport, steam locomotives were also used in 32d Street, toward the 


of the work, after: the headings had been holed. through and the 


7 


tunnels would quickly clear themselves | of gas and smoke. ke. The st steam 


‘which handled ‘the spoil in places. where timbering interfered with the 


operation 0 of the shovels. All tracks were of 3-ft. gauge ge throughout a1 and 

all drilling was done with Ingersoll drills 
4 (Model E 52), the trimming being largely done w with j jap up and baby drills. _ 


shov els were ‘supplemented by two Browning, 15- ton, locomotive cranes, 


A large number of pumps were used at various us points on the work, ,and 
Practically: all were ot make, the largest ones at the: shaft 


othe sinking of the 1¢ Intermediate Shafts was ‘the first work under- 


~The 33d Street Shaft was 34. 5 ft. long, 21 ft. wide, and 83 ft. deep. 


The rock su surface “averaged 5 ft. below the ground su surface. “Sinking 
z= on J uly 10th, 1905, and » was completed on October 3d, aoe 
1905, the rock being hard and dry. The average daily rate was 0.73 ft. a 
and : an average of ‘17.1 cu. yd. were excavated on day, with two shifts 
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These hours were in order 


- were made a along the sides o of the shalt, in order to Jail damage to the 


walls of ne neighboring buildings. Timbering required for a depth 7 
of only 10 ft. below the surface of the ground. 


drift, ft. Jong, ft. » and 27 ft. high, the ia 


drift w was 


the co: e concussion was very quickly abandoned on accou unt 


of length of time required for the drilling. 


The construction of the 32d Street Shaft v was quite ‘similar to — 
on 33d Street. Tt was 31. 5 ft. long, 20.5 ft. wide, a and a ft. deep. 


depth of earth exeavation aver raged 19.5 ft. rock in this shaft. 


was seamy my and not qi quite as hard or dry as that | in 33d Street, and 
was. for practically the full depth to the crown of 


earth 


“and 0.52 2 ft. in be drift was in same } manner 


: as the one i in 33d S Street, but the rock being softer the radialax machine ‘ 


the ea early part the contractor « his entire 
attention the work of ‘excavation. 1 Nearly all the excavation 


Fifth was done before pee the lining \ was s placed. 
. r of points west of Fifth Avenue and at a few points to the 
of = rock \ was that the two had to be 

me yu 


Tunnel Method-—For “average distance of 350 ft. west 
the First Avenue Shafts there were four tunnels. The 
tock Was £0 sound and comparatively dry. As top heading of the full Dele 


— 

a 

— 

ling and a ber 

— _ three stages, a top hes concussion to break glass 

h ut in the top heading, there was en ties 

— B 
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q 
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. Tripod drills , standing on the 

1e usual holes, but, owing to the 
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~ steels long enough 1 7 reach the bottom of the bench could not be us _— i 


Tripod drills were - set -as low as possible at the foot of the bench and — 


ep drilled holes. These holes were downward from 10° 
the | 
pth drainage ‘ditches. . The hea was ‘driven from 1 10 to. 20 20 ft. 
in advanee of the bench. this | distance a large part of the “muck 
the the heading was “shot backward over the bench. In the single 
d tunnels ‘the muck was loaded by band. 
ting Twin: Tunnel Methods. —From the end of the single- track tunnel 
vlass westward to Fifth: Avenue on 33d Street, and ‘to Madison Avenue on 
uced Bos Street, , with some exceptions, each pair of tunnels was excavated 


ount the entire width at “one operation. Three | different methods ‘of 

were ere extensively used. were the’ double- -heading method, the 

> the eenter-heading method, and the full- -sized-heading method, and these 

deep. : ‘differed only in the manner of drilling and blasting. a T he bench was > 

shaft — . usually within 10 or 15 ft. of the face of the heading, and wi was drilled — 

wl and fired i in ‘the same way as in the single tunnels. After the the e installa- 

a ae tion of the permanent plant, most of the muck was handled by st steam. 

oth Tn the double- heading method, shown on Plate the ‘top: 

anner -adings for each tunnel of the pair were driven separately, leaving 


ichine short rock core-wall between them. The headings were drilled from 


columns ins in the manner described for the single tunnels. The temporary | 
rock dividing wall between the hes adings was drilled by a tripod drill 
on baa ench of one of the heading rs, am dy was fired with the bench. 


heading was It sha ape, 8 ft. hich 


and 14. ft. wide. > It was located on the ce ente er line between the tunnels. 


In general, the face was from 6 to 12 ft., or the length. of one or ime. : - 
d to be rounds, in advance. of the > remainder of the pny at the top. T he center = — 
heading was drilled by four drills ‘mounted on two columns. By. 
t. west turning - these drills. to the side, they were used for holes at right a angles ao 4 
7 ‘The to the line of the tunnels, by which the remainder of the face of the ne 
ull heading was was blasted. turning: the drills downward, the bench 
‘led by under the « center heading we were also drilled . The cen iter heading « 
rdinary plored the rock in advance of and ga’ gave a a 
, n the idea as to tl 
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on five columns set abreast across the face. Holes were drilled to to form 
a cut near the center line between | the tunnels. _ The remainder r of the 


ee were located so that ‘they would draw into the cut. * The bench - 
- _ frequently drilled from the same s set et-up of © columns by y turning the 


ak: 
"Practically al left ‘until tie 


4 to and tedi tedious, and a a “hindrance to t to the placing of of the Hining. 


SIDE ELEVATION 


Ps FRONT 


ae 


METHOD OF EXCAVATING WITH 
FULL- WIDTH HEADING 


? 


"Hudson schist, but it varied widely i in its constituents in 


Standard Ling 


OWING POSITION OF COLUMNS FOR 


hysical characteristics. In many places where the rock surface 


was penetrated, fine sand was. found that was probably quicksand. 
ak, The material above the rock i in the oj open- -cut secti 


ae 
ons was mostly sand. 


The concurrence of the» watercourse, shown on Gen. Viele’ s m nap p of 
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- Manhattan Island (Plate LXI*), with the points where difficulties in 
of the tunnels we has been noted | in: 


at its final intersection of 33d Street), ‘this ‘roek v was found. to 


very soft and disintegrated, a large quantity of 1 water was encountered, 
heavy timbering was required. The construction at these localities 


will be taken. up Yater. In addition, disintegrated rock, but of a less 
troublesome character, invariably met under the depressions in 


fe 
the ‘rock. surface developed by ‘the borings from the streets and test 


holes from the tunnels. - Many ¢ of these places required timbering, and 


“no timbering was elsewhere necessary except at the p portals. These co- 


- "incident conditions were especially marked in 32d Street, which for a 
closely adjoins the course of the former creek, 
Disposal of Spoil—The materials excavated from the tunnels were _ 


= at the 35th Street pier on by the Railroad 


~ 


struction of the Greenville “Freight Yards and the line across thee 


Hackensack Meadows to the tunnels. Details of this work “will 
given i in a subsequent paper. = After December, 1907, when the ‘excava- 


> 
tion was about 85% completed, the contractor furnished the barges 


and effected the complete ‘disposal of the spoil. = 
Difficulties of Excavation.— stated a previous pay paper, the 

excavation of the Twin | ‘Tunnel i in 33d Street was continued westward 

to the west line of Fifth Aven ue on the original grade. At ‘that point — 

the e contractor started three dri in the three- track section. The rela- = 


tion of ‘the drifts to to each other and to. the cross- section are shown by 

Fig. 3. The center heading was driven a a little in advance | Of those 

on the Ata a ‘distance of 65 ft. west of ‘Fifth Avenue 1 rock 

surface was broken ‘through i in the top of the heading, and a 2 very fine | 7 

was encountered. For some distance east of this. point the rock 


7 
was badly disintegrated, a an nd the 1¢ heading required t timbering. Throus 


the ft 1, h 
so materia tig t lagging was s placed on m the sides and roof of the | 


heading, and the face Was protected by breast | boards. There was, a 
moderate flow of water through the cracks, and, in ‘spite of every 
of the fine sand ‘was carried into the 


orm a — 
the | 
oved 
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one or two ground was lost at the face. 


= On the evening ig of December | 14th, 1906, asa heavy coal wagon was 
along 33d Street the heading, the rear wheels dropped 
a “3 through the asphalt pavem ment. An examination dis when’ a cavity 


di 
a ew: pavement about 4 ft. long, 12 2 ft. . wide a nd 14 ft. deep. 


Ey vidently, the ‘fine sand had gradually settled i into the voids caused by 

at the face, and the settlement broke 
sewer over the he: heading. The sewer was temporarily repaired, and the 
hole. in the "street was filled before morning. A tight bullshead ‘was 


built a across t s the e heading, and work was abandoned at that point. e The 


north watts was adv anced to a a point Ww of Fifth Ave enue e where 


time all work: on the three-track section was discon 
The Company then took up the consideration 


‘changes in plan. 
4a o determine the difficulties of driving a Twin Tunnel at a lower 


elevation, drift, 8 ft. high | and 12 ft. wide, was 


Ther new v plan (continuing the Twin ‘Tunnel ‘westward ata 


plans at that is shown Fi . 3. Before the new on was 
at own g. 3. Before the new section w 
- excavated i it w as necessary to > support | the timber work i in the old head- 


ings. The plan adopted is shown | by Fig. 3. The rock was exea 


vated under the center heading, as shown in cross-section, for a length | 
to of about 3 3 ft Ag girder composed of two 18-1 in. . I beams was then put | 
in position over each line 1e and supported o on the ‘sides by posts. The 
ends at the center - lines between the tunnels were supported on short 


"posts bearing 0 ‘on the ‘rock bench. The : support of the timbering i in the 


headings ‘then transferred to > the girders by additional posts, 
Blocking w was also inserted: between the tops the beams an and t rook 


roof had ‘been ms made secure, of was be 


As the work adv dvanced it was necessary ‘to replace the ‘short t posts § a 


> 
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_ CONSTRUCTION OF TWIN TUNNELS, | 
THROUGH EXCAVATION START 
- THREE-TRACK TUNNEL IN 33D STREET 


8TH AVENUE 
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‘center of ‘the tunnel by o others: of full height, a and there w 


siderable settlement in the -t beams , during this « operation. - When the 


bench had been removed to toa a point 61 ft. west of Fifth Avenue, settle- 
ment was detected in ‘the s street surface above. Bench excavation was 

‘suspended and a section of the permanent lining, 35 ft. long, was: 

placed. s The space between the lining and the beams and between the 54 


beams and the roof was: filled with rubble masonry. were > 


Plate L LXXIX, shows ‘the: first section of the conerete lining 


and part +t of the rubble in in place; and Fig. 4, Plate LXXIX, shows details : 


the above the A second section of bench was next 
removed and more lining was placed. Work was continued i in this way 


until all the ‘roof at the old three- track headings had been ‘secured. . In 
this | portion of the work the posts s were embedded ir in the y conerete, = 
Between Fifth and Sixth Avenues there were two more of 
ad rock where it was necessary to support the roof with steel beams. — 
At these latter points there \ Ww vere no with the craven 


r the Three-Track Tunnel, ‘the work was much simpler. T 
avoid leaving the center ent work, af 


1, Pla te LXXX, the 


temporary posts” were > placed, as. Fig. 1 


3 
by Fig. 2 2, Plate LEX, before placing a the 


In 32d Street the normal progress of the excavation was frequently — 
interrupted by encountering soft and unsound rock. _ Int the excavation 


in 7 between the East River and the Intermediate Shafts it was possible to = 


- overcome these conditions by temporarily 1 narrowing z the excavation on 


one side ‘supporting the roof on 16 by 16-in. transverse timbers 3 
caught in niches in the rock at ‘the ‘sides, leaving sufficient room for ¥ 
steam shovel | to work throu gh. In order to save time, the height — 


of excavation was as not i increased before placing these timbers, 


at, previous to the conereting, they all required to to be to ‘clear 


2 a he masonry lining and were then supported | on posts ¢ on the center line 
between the tunnels, ‘permitted the remainder of the excavation 


were buried i in n the core-wall, | in 1 order to permit the 


= 
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as con- 

— 
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— 

— 

a 
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— 

ie to be made, and such additiona timbering as was required was placed. 

At most of these sections a brick arch and water-proofing were use 
of of ter partain wile es the eanter line. 
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of the water- “proofing, were . then cut off one by one flu flush with its top 


as the load } was transferred to > the completed x “masonry. In other cases 

the load wa: was ‘transferred | to pos 

line posts: were > entirely removed. ‘Under such conditions ‘the normal 


eonerete methods, to later, could not be used, special * 


m In this section of the work the most serious difficulties 8 were en- 
near Fourth Avenue a short distance east of ‘the Inter-_ 


"mediate Shaft, and beneath the site of the old pond on Gen. 
_-Viele’s 3 map. The rock cover was known from the boring t to be very 


thin, and presence of the subway overhead caused some "anxiety. 
The excavation at first taken out to practically full width and 
timbered, but the ‘rock became so treacherous | that the heading was 
“narrowed to a width sufficient for one tunnel only. | With t this span 


the ‘rock in the roof held without it timbering. As the masonry lining 
approached, sufficient trimming was done to. permit the placing of the 
core- -wall and one arch. Above the « completed core-wall and brick 
the voids w filled solid with rubble “masonry to give an unyielding 
support + the roof. re ‘The excavation of the remaining width of tunnel — 


was then undertaken. the west side of Fourth Avenue, , the 
excavation b broke ke out of 1 rock at the ‘top, and fi pa sand and gravel 


a large quantity of water were encountered. The work of excavation 
arduous, ‘and. ‘proceeded very slowly, on account of the care with 
which | was executed. Only a small amount of ‘sand. entered the 
~ tunnel, but the lining was s placed as soon as the excavation was com- 
pleted. Rubble masonry packing and g grout ejected through | pipes built 


into the arch were used to fill the voids above. the roof. As a further 


“against the settlement of the” subway, 2- in. pipes were. 


ere soft ground w: was 


exposed in in the of the tunn el, and through them grout wa was forced 


into the ‘ground at various dente. Careful levels | show that no settle- 
nt o the ‘subway has taken place 


of the Intermediate Shaft the was, excavated full 


width until bad rock was encountered about 60 ft. west of Ma¢ Be 


Avenue. (See Gen. Viele’s ‘map, Plate LXI.*) Timbering was used 


ra a short distance, and then the heading: and bench narrowed 


18 ft., and steam-shovel excavation was abandoned. 
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ulminating: when slushy “disintegrated feldspar ‘met, 

requiring poling and breasting. Thereafter the ro rock improved 


‘markedly, but near the east side o of 1 Fifth Avenue its thickness above _ 


the roof was found | to be only 14 ‘ft., and the e advance was stopped, 


4 


Ss pending a a decision as to a change of plan. bone 
After some delay, an exploration drift, similar to the one already — 


* cribed, , was driven haa to ‘Sixth _ Avenue, and a ‘change i in plan 7 


as made, substanti the 33d Street tunnels. 


rock was very soft and poor, and required extremely, 


12 as in 33d Street. The rock was so soft that it was a 

i sary to drive poling boards ahead as the face was m mined out 5 with | picks 


and shovels. The load d was very heavy, ‘and the work the most difficult 


After this stage of the enlargement was reached, the « excavation 
= of the and the placing of the lining proceeded 


3 the I-beams" ‘supported on long posts| while the 


core-v -wall was ‘being built. Considerable settlement took place while 


Ob he 


_ shifting th posts, ‘and eventually s showed " on the street surface: ‘and in 
the adjacent sidewalk but no damage \ was done to the he structural 


me, the excavation of the ‘Twin Tunnel eastward from the ‘oui of 
SS -cut section at Sixth Avenue had been 1 proceeding rapidly, 


ont, toward vend of the difficult Fifth Avenue work, it was being 


out ‘the work with stretches sound : ‘rock, the p progress 0 of the e: excava- 
tion was very irregular, ‘especially in 32d Street. The rate af excava-_ 
ion in good ground is shown i in Table 1 In the sections of. bad 
ground, operations of excavation, timbering, and lining were often 
~ 


is impractionble. to include them in 


— 

rs. 
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Taree Track TUNNEL ExcavaTION. 


nue 


L XVI," * were s located in the streets, but j in such a way as to block a. 
of roadway. . At the same time it was: decided to construct in 
open cut about 200 ft. of the: -Three- Track Tunnel at the west end 


contract in Street, where the rock surface was the 


4 
that dite was s impracticable, pen eventually all oe Three- Track Tunnel 
in 32d Street, , except 120 ft. east of the ‘shaft, was built i in open cut. 

Thirt y-second Street Work in Tunnel. —Following the sinking of 
the shaft, a drift was driven the street at the crown “ the 


tunnel, an and a top heading ‘on the south side was excavated in both | 
‘directions. Frequent cross- drifts to the north side showed that 
rock w was” nowhere ry sound and that, except for a ‘short distance 


east of the distinctly unfavorable for the wide ‘Three- 


rack excavation. 1. Int this stretch the. north ends of. these cross- -cuts 


were connected by: a second heading, and wall- plates and sets of three- 


~ segment arch timbering were set up to support the roof of the drifts. 


The cross- cuttings: were gradually, widened and ‘timbered “until ‘the 


“ entire > excavation had been “made down to the level. of the -plates, 

p. as shown i in | Fig. 3, Plate LXXX. The bench was then excavated i in 


lifts, leaving the wall- plates supported on narrow longitudinal 
‘berms, which were short sections to the placing of 


hirty-se -second Street Cut Work. —Before actual open- cut 
ava 


nd of 


ea tion all buildings facing were 


For this purpose, | a trench we was dug along” the face of the — 


and dof the. same depth as their cellars. ‘’ Riches were cut in the front 


foundation on walls through whie ich long needle- beams (Fig. 4 Plate 

were inserted and. jacked up on blocking placed on ‘the cellar 

bad floor mf the the weight the building had been 


— 
this 
met wor rough the Firth Ave 
oved would be extremely slow, shafts 
bove 
ped, ly — 
ed 
plan 
ling. 
idth, 
nner — 
eces 
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while § =} 
nd 
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_Proaness “AND 


a 


Full-sized single tunnel. 

Full-sized single tunnel 

Full-siz sized twin tunnel 

Full- sized twin tunnel 


| 
Full-sized twin tunnel 


Full-sized twin ‘tunnel . 


‘Twin tunnel. 
drift. 


B 


Darzs, 


1st Ave. shaft. Ave. shaft. Feb. 28, 1906.|May 12, 1906. 


Feb. 28. 1906. Apr. 30, 1906. 
Aug. 28, 1906.|Jan. 
¥ 


1st Ave. shaft. 
Ave. shaft. 
Intermediate shaft. 
(West of shaft. 


Intermediate 

(East of shaft.) 
shaft. 
_ (East of shaft.) 
Intermediate shaft. 
(West of shaft.) 


“West 
(East of shaft.) 


5, 1907. 
Apr. 4, 1906.|Oct. 81, 1906. 
1906, Oct. 31, 1906. 
Nov. 1, 1906. Dec. 1906. 


‘Mar. 1, 1907. July 8, 1907. 


‘Sept. 6, 1907. Dec. 4, 1907. 


| ana D 


tunnel. ‘Rulargement ‘ile 
_. of exploration drift.. 


Twintunnel. Enlargement | | , 
exploration drift... 


Jan. 25, 1906. Apr. 80, 1906, 
Jan. 27, 1906.|Apr. 30, 1906. 
May 22, 1906. 24, "1906.8 
4 Aug. 11, 1906.|Nov. 29, 1906. { 


ist Ave. shaft. | 
1st Ave. shaft. 
ist Ave. shaft. 
shaft. | Mar. 19, 1906. 28, 
May 29, 1906.|July 8, 1906.*) 
July 18, 1906. 
Aug. 12, 1906. 
15, 1907. 
| , 1907. Sept. 13, 1907. 
est of shaft.) 
cut. 


from 


Intermediate pon, 
(East of shaft.) 


Feb. Apr. 14, 1908. 


Feb. 1, 1908.|Feb. 14, 1908. 


1034p 
1034 
— 236... 

— 

and B 
| 
a’ | and I 

and 

-sized single tunnel. .. 

— 
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Lengtho 
‘Time | “tunnel 
excavated, 


in 
linear feet. feet. 


We 


“4 
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“Methods a and conditions. 


Top he heading and ‘bench. Muck loaded by hand. 


steam shovel. Working exclusively on this heading. 
Top center heading and bench. Muck loaded by steam : 
west of the shaft. 
Top center heading and bench. Muck loaded | by 
ee shovel. Working alternately in headings east and 
west of the shaft. 
Top full-width heading and bench. Muck loaded by 
_ steam shovel working exclusively on on this heading. _ 
Ex loration drift about 9 ft. by 12 f Mucking by — 


and. Fourteen timber bents were in 

Drift excavated to full width and bench. a Muck ‘tested 


@ 


Typ heading and bench. Muck loaded by hand. i 2% 
Double heading and bench. Muck loaded by 
a shovel. Stretches aggregating 200 ft. narrowed to 
about} 25 ft. and later enlarged are included. 


| Bxoaration about 30 ft. wide. Top full-width nending 
and bench. Muck loaded by hand. Steam shovel 


shout 80 to 85 ft. wide. Top full-width heading 
_andbench. Muck loaded by | steam shovel, 
- Double heading and bench. Part of the muck handled 


hand and part by steamshovel. = - 
| Exploration drift about 10 ft. by 13 in. ~ Muck loaded by a 


At portal of twin tunnels. Drift excavated to full width 
we and bench. Muck loaded by hand. 12 ft.timbered. 


‘i Drift excavated to full width and bench. Muck loaded a : 
steam shovel. Full-width tunnel timbered for 26 


ft. independently of the main excavation. 


mite, 
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retaining was built in it to support the b building permanently. 


"Frequently, the excavation for the underpinning wall, which wa was. taken 


out in sections from 30 to 40 ft. long, gz, and in places w: was carried to a a 


ae depth of 40 ft., w was very ery troublesome on account of the large q quantity 7 


of water” encountered | ‘and the fineness of sand, 


a to flow when saturated. 
Elevated Railroad columns in Sixth Avenue, near the north 


ae and south lines of 82d § ‘Street, were ‘underpinned in a manner si similar 

to the building foundations, while those on the center line ‘of the 


street were ‘supported by girders riveted to them close under the track 


level. The girders i in turn were supported on posts footed 01 on the new 


underpinning of the > adjacent columns. ‘the completion of the 


1g tunnels, ‘concrete. piers were re built up from the roof of the tunnel to 
form a a permanent foundation for the center-line columns. he area 


be. excavated under Sixth. Avenue was enclosed by a rubble masor 


h. 


‘and supported on temporary posts which were 


he 
then replaced by short posts resting on 12 by 12-1 -in. sills about 7 7 ft. 


below the cap. ‘The operation was then repeated and ‘the ‘sill was 

supported on another set of short ‘posts on a second sill. W hen 

the excavation had been carried down in this manner. to the level ‘7 


top of the tunnel, diagonal 3 10-in. timbers were cut in between 


the posts| and sills to form a ‘species s of double A-frame ne, the legs” of 


hi in ni 
face underpinning wall, whole was stiffened with 


"vertical tie. rods. ‘This construction. is “shown by Fig. ‘Plate 


5 


i rested in niches cut in the rock and on posts carried up the 


‘The brick sewer was replaced temporarily by one of rive 
“4 steel pipe. ‘This pipe and the water and gas pipes : pee nd electric. conduits | 
were suspended from the timbers as the pipes were ‘uncovered. o 
eee aa Excavation in rock ¥ was made by sinking a pit | to sub- grade for the 


it 


<a full width of the tunnel and advancing the f face ‘of the | pit in 1 several 


lifts, the muck being blown over the slope and loaded into buckets at 


work was attacked at several places simultaneously, and 
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— third Street Work in Tunnel and Open Cut. ut—The West — 
st Street Shaft. was similar to the one in 32d Street, and was sunk 


during February, March, and April, , through 1 10 ft. earth, 


ft. of soft rock, and 29 ft. of fairly hard rock, 1 It ‘was necessary to 


later showed 
Ring 


| 
ences of ‘severe strain, had to ‘be 


As soon as the shaft excavation was deep enough, a drift was _ 
driven part. way across the tunnels, and top headings v vom started both 


east and west to explore the rock. The heading to the west was 
divided into two. drifts, : as shown on Plate LXXXI. . These two | 


were continued to the west end of the contract, and were then ‘enlarged 
' oa full-sized heading and timbered, 


and 
8, Plate LXXX. The rock near the shaft contained many wet 


‘usty seams, and settlement. was detected in ‘the ‘segmental tunnel 


timbering soon after the widening of the heading was completed. 


Short prope were placed under the timbers, and the street surface 
was opened with a view of stripping the earth ‘down to the ‘rock and 


thus: lightening the Toad « on the timbering. g Street traffic was main- 


. tained on a a timber structure with posts eventually carried down to the 


rock surface, and the walls ad the buildings on on the north side of the a 
street. were underpinned | to rock. The s settlement of the tunnel 
| timbering was checked for a a time, and the bench as 

shown on Plate LXXXxI. In this work the cut in the center was first is 
made, a and id the inet ‘props were replaced by struts, as. after 

the were removed and the side > posts were placed. While 


vere packed 
with and a afterward grouted. 
The timbers near the shaft continued t ‘to settle, they 


3 had been placed from 9 to 12 in. above the level. of the top of the. AP 


masonry, by October 1st, they. encroached 9 in. within the line 


masonry. It was. then | decided to x remove the rock for a distance of 


west of the ‘shaft, and build this portion of the tunnel in ‘open 
The posts supporting the deck forming the street surface were 


A- frame -stru ctu 


> 
eg 
= 
— 
4 
a4 
iin 
After the masonry had hardened, piers were built on the arches to 
3 support the seomental timbers, The struts were then removed and the 


the brick-roof tunnels: ‘completely ‘the extrados- of the are 


} open cut to the westward of the shaft, there was a 


‘alip preg rock north of and adjoining the shaft. _ Fortunately, sata 


did not give way entirely, and no damage was done. The « open 


was extended eastward for a ‘distance of 46 ft, raking 
dength open cut on this street 94 ft. 


East of the s 
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toned ‘in connection, with the work at 
stretch of 600 ft. of good rock ¥ where all. the ‘spoil was handled with a a 


nry lining the tunnels was the late 
a fall of 1906, a after >. o bed been in progress for a year and a 


from 1 the First, pone Shafts, and by s spring 9 


fa com 


in which 
case > the arches, beginning at a point 18° shore the springing line, were 


o be built of vitrified paving | brick. By: reference to Plate. LXIV* 


it will be seen that the water- ‘proofing, which j in the concrete- -roof tunnels. 


extended the full height of the sides to the 15° line, was s carried 


he -cross- sections also show w the location of the electric conduits which 
vere buried in the mass of ‘the side and core- -walls and which Timited 


ee 


The same general scheme of operations was used wherever possible 
throughout the Twin- Tunnel work, but was s subject to minor modifica: 
tions as” circumstances dictated. Concrete was first deposited in the 
- bottom, t to the grade of ‘the flow line « of ‘the: drains; after it had set, 
a collapsible box forms, of 2- “in. plank with 3- in. n. plank tops, were - 
on it to form the ditch and the shoulders for the flagstone covers. te ‘ 


track, which had | previously been blocked up on the rock between the 
aie was raised and supported on the ditch boxes above the finished 


5 floor level. M; At the same time, light forms were braced from the diteh 
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boxes to the grade of the base of the low-tension and telephone-duct 


bank.. After depositing the this level, the telephone ducts 


The forms for the water- proofing « or sand-wall up to the 1 
al 


ine 


o the 15° hir 


‘3 ad for | the main ie walls and core- -walls were built in 30- -ft. panels 


rying pl 
adjusted bracing and them out the 
carriage. small forms for the refuge niches, ladders, ete. » were 
_ collapsible, and were spiked to the m main panel | forms just previous to 


the deposition of the ¢ concrete. ‘The ¢ concrete was” s deposited from the 


- platform o1 on top of the carriage, to which the cars were elevated in 


various ays Plate LXXXI shows the details | of the carriages, and 


one crete for the sa ‘sand-we walls and ™ core-wall, to the level « of 


at with setting. “The floor section of the 4-in. tile drains had been laid 
the floor concrete, and, the sand- wall concrete was deposited, 
+ the drains were brought up simultaneously, broken stone being de- 


| - Posited between en the tile and the rock to form a blind drain ‘and afford 


2 access to > the ope open | Joints of the tile for the water e entering ‘the tunnel 
ns were spaced at intervals not 


wetness of te rock, a and were re placed 


s in 


of the r nisl on on the center line between the tunnels. | A small ditch lined . 


with loose 6-i -in, vitrified half pipe Was provided in athe top of the sand- 


wall | to collect the water from ‘the extrados of the arch and lead it 


to the top of the drains. Great t difficulty was experienced i in maintain- 


ing ihese drains clear, and, on ‘completion « of: the work, a large amount: 


of labor was expended i in ‘removing obstructions from the floor sections, 


 Afver -_water- er-proofing ‘the sand- laying ‘the: low-tension 


“duets, second. pair of carriages, with panels on one side only, for are 


side-wall and ekewback to the 15° | line, were set and braced 


as 
otal 
the 
WOrK adavaliced. Lhe paneis were loosely rom > 
late 
west- 
swing 
which 
XIV* 
ied in 
— 
imited exceeding 25 ft., depending on the 
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The 
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carriage on Plate LXXXI.~ They ‘were concreted to ‘the the 
tension duct bank, and, after the | -conerete had hardened d and t the 


In places hin: the roof was supported temporarily by posts and 


heavy ' timbering, such as at F ifth Avenue, the form ¢ carriages ¢ could not 
used, and special methods were devised to suit the local. ‘conditions. 
Usually, the panels were stripped from the carriages and moved from 


section to section by hand , and, when in position, were bra braced to. the 
‘The oo centers were built 1 ™» of two 5 by 3 by a -in. steel angles, 
nd, when set, were blocked up on the sidewalks opposite each other 
the tunnels. temporary platform was” on the bottom 


pre angles of the ribs, on which the concrete was dumped, the same 7 
as on th the form carriages. ‘ The lagging used, 3 by dressed 


pine or spruce 16 ft. long, and ¥ was s placed a: as 5 the concreting of the arch | 


‘proceeded above the 15° line on the side- wall and above the 
on the core-wall. After the ¢ arch had reached such a a height that the 4 
-conerete could 1 not be “passed ov over ‘the lagging ‘directly from the ‘main 

platform, it was cast on. a small platform on the upper horizontal brac- 
ing o of the centers, shown in ‘Fig. 3, ‘Plate LXXIX, ‘and was ‘thence 
shoveled into the work. In the upper part of the arch the - face of the Peal 
concrete was kept on a radial plane, and, when only 3 ft. remained ‘Ye 
to be placed, it was keyed in from one | end, the key lagging being set 


t 7 J 
length 
_ Where brick archos were used, the core- wall skewback was con- 
- ereted behind special forms set up on the sidewalks, or the arch ‘ribs 


and lagging were used for forms, and | the brick arch, was not | started 


ze after the conerete had set. . In laying the brick in 1 the arch, the 
five courses of the ring were ‘carried up as high : as the void between 


the extrados and the rock would | gunk and still leave a working 
_ space in which to place the water- proofing & The was usually not more 
than 8 ft, _ except on the core-wall side. The felt and pitch water — 


— 


"proofing w wee then laid for that height, joined to the previous water: 
by the sid side-walls, a and 1 was followed by the the brick armor course 
ver the water-proofing an and by the rock p packing, | after which » nother 


was laid and the operations were repeated. The large 
* 


in about 5-ft. were -conereted ted usually in 60- ft. 


— 
= 
g 
| 
— 
= 
— 
— 
— 
4 
= 
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void (Fi ig. Plate LXXXID) above the cores -wall gave convenient 


access for working on. top of the a adjacent sides of the ‘roof, and the 
the core-v wall were. ere usually earried on from that point, the» work pro- 


keying: of the arches and the w: water- proofing and rock packing above _ 


Set The conerete for all work above the floor was dumped on the plate 
of the ca arri: it was transported in the early part of 
om the we work i in cars run ining on a high- level el track laid on long ties, resting ¥ : 
» the ‘on the finished arrangement, although requiring a 
: large amount of timber for the track, | permitted the m muck k to | be carried 
les. out on the low-level track “without interference. Later, when the 
other advance of the heading had ceased and ‘the heavy mucking was over, 


es all concrete was transported on the floor level, and the cars were ‘lifted | 


same to the carriage ‘platforms by ‘elevators : and were. hauled by hoisting 
essed engines up a movable incline. | ‘The | latter method is shown by Fig. 

ewalk Water- -Proofing.—The water-proofing above w was in all 
pe eases felt and sind: laid with six thicknesses of felt and seven of pitch. 


main - ‘The s sub-contractor for the work was the Sicilian Asphalt Paving Com- 
a ‘pany. - All joints were lapped at least 1 ft. and, where work was sus- 


hence pended for a time and a bevel lap could not be made, the e edges 

the felt were left ‘unpitched for 1 ‘ft. and the newer work was interlaced 


ained method was not always successful, however, on 


count of the “softening of the unpitched “felt o1 on long: continued 

to the water. The felt used was mainly ‘ ‘Tunaloid,” together 


with” some “Hydrex. » Tt weighed about 12 Ib. per 100 sq. ft. when — 


“satu ‘rated and coated on one side” only, and contained 25% 
wool. The coal- tar used had a point of 100° 


After 


leakage and in in places ‘unsightly. lime deposits. was determined to 


| stop 1 ‘these leaks by the application ofa a water-proof cem 
tating on the intrados of of the ar arch. Extended. experimental applica 
of two varieties of materials used for this purpose—“Hydrolithie” 


cement and the Uz Ss. Water- proofing Company’ 8 compound— have been — 


water with apps apparent success up to the present time, and the results 

course after the lapse ofa considerable period are awaited with interest. 


Duet Laying.— —The position of the electric conduits, buried in oa 
hear of the conerete walls, intantabed greatly with the economical and 


| 
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speedy placing of the lining, and their laying proved to be one of 


the most ‘troublesome features of the work. The power conduits wer 


single way, with» the bank for high -tension cables. separated in 


side-walls from the low- tension bank, as shown, on Plate L LXIv*. The 


mduits for telephone and telegraph service were -four- ir-way, an end | were 
cat ted in the core- -wall, All ducts had ‘Hin. walls and minimum mo 
opening of in. - square, with corners r¢ rounded. They were laid 


n all directions, and in about i in. of 1:2 


with neat- cement grout, and, ieee 


and rete. 
1its re plastered only o over the w 


pH 


was of concrete. Both were water- proofed o on the 


aes roof and ‘sides, and in n the tunnel sections the space abbve the brick 
roof was filled with rock packing. | On account of the unstable nature 

> the rock encountered throughout, the voids in the the packing” ‘were 


By reference to ‘the cross sections, Plate EXIV®, it wil be seen 


supporting in n the event the 1 removal of the adjacent rock for. 
excavations. This ‘construction ‘materially influenced the con- 
tractor’ 8 method of placing the ‘masonry lining. 
After: depositing the floor concrete, by the same method that was 
in the Twin ‘Tunnels, 2 a timber trestle > (Fig. 2, Plate LXXXII) | 
nig 
erected to the height of the underside of the I-beam ties, the 
posts being footed i in oles: about 3 in. left in the concrete floor 


— 


— 
— 
Flat steel bond-irons, 2 by in., with split siected into the | 

gides of t ower 
— aad letely covered with a 3-in. coat of mortar to 
— eonduits were completely covered with a 4: e four- 
— 
— 
— 
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. 8.—MeEtTHopD oF STREET SUPPORT OVER OPEN-CUT © . 4.— JUNCTION OF TWIN AND THREE-TRACK TUNNELS. 
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the sand- wall forms were 


of undressed plank to the and braced from the trestle; 
in the tunnel section they were spiked to the face of the | posts support- 


side- side- wall forms were ‘made in panels 10 ft, and 


were clamped to o studs by U- -shaped i irons passing - around the stud an = 3 


bolted to the cleats on the back of the panels, the studs being braced 
trestle. The : siden -wall concrete wa was deposited i in three sections. 
The first was was brought up just above sidewalk formed the 
sion ducts; the ‘second carried the wall up p to the Re - 


bench for the high- tension 
springing line. Before placing the third section the L-beam ‘were 


fr r om 1 the 


te 


set in ‘position (Fig. 3, Plate LXXXID) on t top of the trestle, an and the 
reinforeing rods i in the haunch of the arch were > hung : from them. The 


conerete was carried 1 up ‘to a skewback for the arch, as shown in be 


brick- cross-section (Plate LXIV*) ‘and embedded the ends of 
centers for the arches stood | on the, L-beam ties, and the 

tops of the hangers, for the permanent support of the ties 1 near thee 


center, were inserted through the lagging. brick: arch, water 
proofing, | and rock packing w were laid : up in lifts, in the same ‘manner 
as in 1 the Twin Tunnel, with grout pipes built in at intervals of about ie! = 


ft. The cone concrete ‘arch was | placed in sections, from 25 to 50 ft in 


lengthy ith a rather wet mixture and a a back form on the steep slope — 


‘The concrete for the -walls and part of side~ was 


“a 


s 


handled on tracks pe platforms laid on cantilever beams at mid- height 
the as F ig. 3, Plate the walls above 


‘of the ox ‘concrete, also, delivered from the 1 mixer ¢ 


hauled up an incline the level of the top of the arch. 


e greater part, was turned out from mixers set 
peed arch, and was ee on tracks hung i in ‘Par 


rt 


s, such | 
masonry sect ion n by section, the lining of the 


no special diffic ulty.. large number of 
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‘set, the mutual interference of t the concreting a and duet- laying 


‘operations proved to be be the ‘most troublesome features of ‘the work. 


restoration of the s streets, public utilities, ete. at open- -eut 


sections w was a a slow tet tedious: operation, | but ‘tunnels themselves 
completed 


of the work The finished tunnels are by the photo- 
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be This Society is not responsible, as a body, for the facts and opinions adv: advanc 


any of its 


THE NEW YORK TUNNEL EXTENSION OF ' 
PENNSYLVANIA RAILROAD. 


RIVER TUNNELS. 


‘anced 


Amu. Soo. 


= 


This be limited consideration of the construction 


he broader questions of ‘design, ete, having a 


te already 
sidered i in papers by Brig. Gen. mn. Charles V W. Raymond, M M. Am. 
E ond. ‘Alfred Noble, Past-P Bae. 


on 1 Plate I LXV* of Mr. Noble’s paper. 


each side of of the East ‘Rew: unl Sous ‘single ont -iron tube tunnels, each. 


about 6( 000 ft. 


long, a and 1 consisting of 3 900 ft between ‘shafts under the fe 


‘Long ‘sland City, mostly under the 


depot and 
‘Railroad. This tube-tt work: 


‘Pearson and Son, Incorporated, ground b cing bi broken on May 1 th, 


1904. Five years later, toa a day, the work was finished veceived its 
na ins ection or acce ance t e aliroa ompan : 
~~ NotTEe.—These papers are issued before the date set for presentation and discussion. 
Correspondence is invited from those who cannot be present at the meeting, and may 
be sent by mail to the Secretary. Discussion, either oral or written, will be pub- 
lished in a subsequent number of Proceedings, and, when finally eto he papers, 
with discussion in full, will be published in Transactions. ee bs 
Am. Soc. C. E., for September, 1909. 


an Vol. XXXV.  ##OCTOBER,1909. No.8. 
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| 
iVCatlOll OL LUC SCCULOL OL LLC WOTK LO DOC Here is shuwlil 4 
ere are two ner ent shafts 
= 
iver, and ZUUU ft. in 
passenger yard of the Long Island 
a 


in and required an audit, 
by the ‘Railroad books, and careful 


system of cost- -keeping by the Company’ engineers, so so that it is. 
to include in the following some of the: unit costs of the 
work. ‘These are given i in two parts: The first is called the u unit labor 


cost, ‘and is the co cost of the labor in the tunnel directly chargeable to 


the thing considered . It does not include the labor | of operating the 
plant, nor watchmen, yardmen, pipemen, and ‘electricians. é The | second 
called ‘top. charges,” commen but meaning different things: 
6 to different contractors and engineers. ~ Here, it is made to include the 
of the contractor’ staff a and roving laborers, such as pipemen, 


electricians, and yardmen, the cost of of the plant and its operation, a and 


uaterials « entering per manent 


M. E,, and will not be dealt with here. 

en The contractors | carried on their work from three different ‘sites. 7 
rom permanent ‘shafts, located near the river in 1 Manhattan, four 


shields were driven eastward to about: ‘the middle of ‘the river ; and, 


wig 


= from two similar shafts at the river front i in Long Island City, four 
shields were dri iven westward to meet ‘those from Manhattan. From a 
shaft, near East Avenue, Long Island City, the land section 


F FROM East AVENUE To THE River SuHarts. 
The sinking o of the ‘temporary shaft at Avenue was a fairly 


simple matter. Rough 6 by 12-in. sheet- ‘piling, forming a 


127 by , braced by heavy timbering, was driven about 28 ft. 
to rock as excavation | progressed. Below this, the | shaft was sunk 


» without timbering ng. As soon as the shaft was 
on 20th, 1904, bottom headings w were started westward 


in Tunn els A, B, and D. these had been driven about half 


distance to. the ‘river shafts, soft, ground | was encountered. (See 


Station 59, Plate te the, ‘ground carried considerable 
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TA R. R. TUNNELS, ‘BAST RIVER TUNNELS 
The use of ‘compressed | was then 
West of ‘this soft gr ground, i: top heading, followed by a 1 bench, wa ete 
‘driven to the soft | ground at about Station 66 . Tunnel C , being higher, 
was more in soft ground, and a at first it was the intention to delay 8 


excavation until it had been w well drained by the bottom m headings in 
the tunnels on each side. oY little later it was decided to use a shield | is 
without compressed air, This s shield had been used in excavating the ae 
stations of the Great Northern and City Tunnel in London. It wee 


rebuilt, its diar diameter ‘being changed from 24 ft. 841 in. to 23 ft. in. It 


a proved too too weak, , and after” it had flattened about 4 in. and had been 
jacked up ‘three times, the scheme was abandoned, the s shield was 
"removed, and work was continued by the methods which were 
in the 0 other tunnels. ‘The shield was rather light, but probably 
it would have been strong enough had it been ‘used with compressed 
‘air, or or had the material passed through ‘been all earth. 
rrow concrete cradle in the bottom, with ro rock u the 
was a narrow concrete c p 
- middle of the tunnel, which was excavated | to ‘clear the : shield, ‘and gave os 
no support on its ) sides. The shield was a cylinder crushed between 


forces applied d along th the top and d bottom. 
With the exception ¢ of this ¢ trial of a shield in Tunnel C, =i = 
novel method in Tunnel B, where compressed air, ‘but ‘no shield, was” 


used, the description of the work in one tunnel will do for all. 
- From ‘the bottom headings break-ups were started at several places rites 
in each tunnel where there was ample cover of rock above. Where 
the roof was in soft ground, top headings were driven from the points =o 
break- “up and t timbered. As soon : as s the full- sized excavation was 


completed, the i iron lining was built, usually in ‘short lengths. 


Wye 

r —iIty will be noticed on Plate LXv* that there is a depression in the 4 

‘rock between Station 65 and the river ‘shafts, leaving all ‘the tunnels 
in soft ground. As this was « directly under the Long Island Railroad pitese 
passenger station, it was as thought best to use a shield and compressed 
ain This was done in Tunnels, A, and D, one shield being 
successively for all three. It was first erected i in ‘Tunnel D at Station 
+ 47. From there it was driven westward to the river shaft. It 

then. taken apart and re- -erected in Tunnel at Station 63-163 and 


westward to ‘the shaft. It then | found that: there would 


be time for one shield to do all four lines. The experience 


‘Fe Am. Soc. C. E., for September, 1909. 
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RR. ‘TUNNELS, “BAST RIVER TUNNELS 
had proven the ground. to be much better than had 7 > ae 
was considerable clay i in the sand, and, with the 
water blown “out by compressed air, it was very stable. special 
timbering method was devised, and Tunnel 8 wee driven from Station 
66-410 to the shaft with compressed | air, » but without ¢ a shield. In 
meantime the shield” -erected in Tunnel A and was “shoved 
through the soft ground from Station 65-++-48 the river r shaft, fe 

There was nothing v unusual about the shield work; it was about 

Page 

ue the same as that under the river, which is is fully de described elsewhere. 

In spite of great | care in excavating | in front of the : shield, and prompt 


x grouting behind it, there was a a small settlement of the | building above, 


in the ground 


amounting to about. 13 in. in ‘the walls and about 5 in. 


floors which were of concrete, laid like a a sidewalk directly the 

pari . Whether this settlement w was s due to ground lost i in 1 the ‘shield ze: 
‘work or to a compacting « of the ground | on n account of its being dried a 

out by « compressed ¢ air, it is is impossible to say. 4 

ak og _ The interesting features of this work from East Avenue to the es 
river r shafts are the n mining the building of the i iron tube 
A In Aut Rock. 

Te the tunnel was all in good rock two distinct methods were Eg 

used. he first was the bottom- heading-a and- break-w “up, and the second, 


top- “heading-ar and-bench method. ‘The first is illustrated by Figs. 1 
and 2, Plate LX XXIII. The | bottom heading, 13 ft. wide and 9 ft. 


high, | having first been driven, a a break-1 “up w was started d by | blasting down 
the rock, forming a * chamber the full height of the tunnel. The timber _ 


platform, shown in the e drawing, wa: was erected in the bottom heading, 4 
and extended ‘through ‘the break- “up chamber. The was then to 


ae blasted down upon. the staging, the drill columns “were set ‘up on the 


nuck the « operation was repeated. method has the 


'* Proceedings, Am. Soc. C. E., for September, ase 


timber r staging, | thus ‘maintaining passage below. for the 
from: the break-ups “ups farther down the line. ‘Starting with 
condition indicated by Plate LXV,* t the - face wa was drilled, the 
eolumns were then ‘taken down and the pile was shoveled 
in the staging g into muck cars s below. . The face was 1s 
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was passed, a top heading about 7 ft. ae and rou 
a 23-ft. circle, wi was driven to the next soft in each of 


tunnels. ‘The remainder of e sectio n taken out two 
anid the first, about 4 ft. high, was kept about 15 ft. ‘fthead of the E 
2 lower bench, which was about the remaining 11 ft. hie , 


ich was in soft ground, | 


as e in air minin timbering method. In 
a the greater part of this the rock surface | was well above the middle of ar 
The method of timbering and mining, while well ‘enough 


own, has not been generally vu used in the United States. 


the preak- -up “rock, as described above, and 


Piste LXV,* w grou! nd was approached, top 
and thro ough the earth. | This. 


wide. This, was done by 


thod. Th The was 


ay, at first, considerable water, 


side polings. . Ther roof poling boards bf 
ou utside of the tunnel lining, 


Plate LXXXIII. ‘The next step 


place tv two | crown-bar 


‘Posts were bars, and pe pel 


“angles to the axis oft the t unnel were the then driven a ‘over the bars. 5 


of th 
heading were e removed, ¢ and earth was mined out to the end of these 


“As polings were bein 


new transverse polings. Breast boards were set on end under ‘the ee 
of the transverse polings ¥ when they 
Side bars, BB, were ‘then ‘place d as 


on — posts, These posts were ca ied dow to rock, if it 


re new set of t ers e polings: was driv 


th he process was repeated u in itil t the h had 


rocess was re I S e€ 


q 
4 
¥ 
q 
» 
=| — 
— 
= 
«heading was j 
; heading was about 7 ft. high and abou > a 
=. the usual post, cap, and poling 
running sand with little or no el 
a 
in places. All headings requirec 
were about 24 or 3 ft. above tl a 
; 
driven, the side polings of the original _ | 
| 
F 
arsand 
° ‘ 
ried down to rock | 
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the tills the posts, which were 
usually. 4 ft. above axis of the tunnel. 
. The plan then was: to excavate the remainder pete the section and 
build the iron lining in short lengths, fer: : g the weight 


that not more than four and en 


leading ‘ea of the i iron lining, a 
45° from the top. workings at eight 
1 one ‘tannel at the same time. Where there was only the 
psi ground- water to contend with, “the driving ng of the top heading 
‘drained the ground v very thoroughly, and the en larging was 


and without a a serious loss of ground. Under these 


at 


Presi a leaky sewer; it was not enough to form stream, but just kent 


ground thoroughly saturated. There was a 2 continued though 
hardly perceptible flow of earth through eve every eievies in the timbering 


during the six x oF eight weeks: between the. driving 0 of top heading 


When it it became that not for one 
to do the soft gr grou nd portions of all four tunnels u nder the Long ee 
station, a a plan was adopted used in Tunnel B which, 
while not as rapid, turned out to be as s cheap as as the work done by the. 
shields. ‘Figs. 6 and 7, Plate LX XXIII, and Fig. 1, Plate LXXXIV, 
this: work fairly well. ay The operation of this scheme vas 
oe about as follows: Having the iron built up to the face of the full-sized F 
a a hole or top heading, a bout 3 ft. wide and 4 or 5 ft. high, 
was, excavated to about 10° ‘ft. in advance. ‘This was done in a few 
hours: without timbering any kind; ; but, as as fale 
heading was 10 ft. cout, 6 by 12+ -in. n. laggings or or polings w were put up. ins 


4 he roof, with the rear ends resting on the iron lining and the leoding 
ie ends resting on vertical breast boards. The he eading was then com | 
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timber: ‘rib by” “the full eection was 


— and ‘three rings of the iron lining were built and grouted, 
then the whole process was repeated. 


Tad the East Avenue Tunnel been built: shields, as was yas con- 


at the time of its. design, the space between the limits of 

iia ation and the iron lining would have been somewhat less: than — 


by ‘the method actually used, “especially in t earth portions. This 


"space w vould shave e been filled with grout. ejected ‘through the iron ining. 


‘The change in the method doing the “work permitted the use of 


“cheaper ‘material, in pla ce of part of the grout, and, at the same time, 4 


shield. ‘Where no o shield was used, after the excavation was completed 
‘oa all loose rock was removed, timbers were fixed : across the tunnel 
from which semicircular ribs were hung, below which lagging was 
placed. The space between this and the > rough 1 rock surface: was filled as 
with concrete. ~ This formed a cradle in which t the i iron tube could me 
erected , and , at the same time, occupied space which would have been 
filled by grout, at greater cost, had a a shield been sen used. 
As soon as each ring of iron was erected, the space between it and 
the roof of the e: excavation was filled with hand- -packed stone. At about Aa 
every sixth ring a wall of stone laid in mortar built between the 


Lg ‘The tube of cast- -iron ‘Tings is adapted to be built in ‘the tail of a So a 


7 lining and t 


between the hand- packed stones were then filled with 1 to 1 grout of co 


coment ‘and ‘sand, ejected” through the iron lining. 
‘cradles averaged 1.05 cu. yd. Les ft. of tunnel, and cost, exclusive of 


materials, $6.70 per cu . yd., of which ‘$2. 25 was for labor and $4.45— 


was for top “charges. The hand-pa packed stone averaged 14 eu. yd. 


per ft. tunnel, and cost $2.42 vd, which $0.98 labor 


$1 AL y was for top. charges. 
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Kid 
} 
he contractors: planned to erect the iron lining with erectors of 
. tt same pattern as that used on the shield under the river, mounted = © 


Rall 


a 


"paper. “Two of these stages and erectors worked in each tunnel = 
‘different points. The tunnel was attacked from so many points ‘that : 
these erectors could not be moved from working to working. at ‘The > result 


that about 58% of ‘the lining was built by hand. A t first thought, 


be done by the’ machines so much the had an 
= portable hand-winch, with 
— a §-in. wire rope, was set in any convenient place. The wire rope -— 
oe carried to a snatch- block fastened to the top of the iron previously 
built; or, , where the root was in soft ‘ground, the timbering furnished 
i points of attachment. The end of the ¥ wire. rope was then hooked to a 
bolt hole in a new plate, two men at the winch lifted the plate, = 
‘three or four others owang ‘it into approximate place, a1 and, with the 
aid of and drift-p -pins, coaxed it position and bolted it. 
Where th there was ‘timbering above the iron, sometimes the key and 
: adjoining plates were set on blocking on a timber s staging ‘and then 


jacked up to place. 


IsLanp Suarrs. 


shafts 


stantial than en requ for construction purpo 
Plate LXII* of Mr. Noble's paper shows ‘ther 


pe of two wo steel eaissons, each 40 by 74 ft. i in plan, with walls 5 ft. ‘thick 
filled v with concrete. A wall 6 tte thick separated each shaft into 0 two 
wells: 29 by 30 = each directly over a tunnel. Circular openings ; for 
a tunnel, 25 ft. in ) diameter, were provided ‘in the sides of the 
ca aissons. ‘During the sinking these were re closed by of steel 
i plates: backed by horizontal steel girders. 's. The shafts were sunk as 
pneumatic caissons to a depth of 78 ft. below mean high water. T here 
have been a few caissons which were larger and were sunk deeper ‘than 
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rt ton each and about 20 000 were erected by hand. As it turned 
—— out, the cost was not greater than for those erected by machinery, — or 
oe . ae fa taking into account the cost of erectors and power. This, however, ¢ 
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these, we most large caissons ai been for foundations, such as bridge 
- piers, and have been stopped at or a little below the surface of the e rock. bat ae 


- The unusual feature of the caissons for the Long Island shaft i is that 


had been hoped ‘that the rock would p prove sound enough to 
permit stopping the caissons at or a . little below | the ‘surface and con- 
_tinuing the excavation without sinking | them further; for this reason ae 
the steel for the lower 40 ft. of the caissons was ordered at first. 
The roof of the working chamber was placed 7 "ft. above the cutting 
4 edge. . Tt was a steel floor, ‘designed by the contractors, and consisted 
of five steel girders, 6 ft. deep, 29 ft. long, and “spaced at ft. ‘centers. 


"a Between were | plates curved upward to a radius: of 4 ft. = Each workin ng 3 Say 
with § t chamber had two shafts, 3 ft. by 5 ft. in cross- -section, with a diaphragm ee 


was dividing it into smaller for ‘men ‘the larger for 
ously ff muck buckets. On top of these shafts were Moran locks. Mounted 
ished on top of the caisson was 0 ton Wilson crane, which would each 
toa @ shaft and. also the muck cars standing on | tracks on the ground level 
beside the  caissons. Cireular s steel buckets, 2 ft. 6 in. in diameter 
‘ft. high, were ‘used for handling a all ‘These were taken - rom 
the bottom of the working | chamber, er, dumped in cars, and returned 1 to 


the bottom without unhooking. Work was carried on by three 8- hour | 


> 
bow 


shifts per per ~The earth excavation was done the rate of about 


yd. per per day from | one caisson. The rock excavation, amounting 


. 
about 6200 cu. yd. in each -eaisson, was done at the ra rate of about 


cu. yd. per per day. The average rate of lowering, when the cutting 


edge of the south caisson passing ng through earth, was, 0.7 ft. 


e 


sew day. In rock, the rate. 0.48 ft. per day i in the south e: 


rposes. ft. per er day i in the north RES, 
a 


At the beginning all Towering was done with sixteen hydraulic 
. thick Temporary brackets” ‘were fastened to ‘the 0 outside of the 
to -eaisson, A 100-ton hydraulic jack w was placed under each alternate 
ngs for ‘bracket under each of the others there was blocking. The jacks 
ere connected a high: -pressure pum pump in ‘the power- r-house. the | 
of - lifted the caisson, the blocking w was set for a ower position, 
unk Which the caisson settled as the jacks were exhausted. After 


" caisson had penetrated the earth about 10 ft., the outside brackets were 
removed and the lowering was regulated by blocking placed 


brackets in | the working chamber. The caisson rested on 


at 4 
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was deposit ed on uneven “tock 
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sets ial on side and two on end. ‘The blocking 


about 4 ft. inside the cutting edge. In the as the 


nore than 40 000 00 a 
ms settled to he n new bloke 


net weight, usually 


was added as the 


vas 
was general 
fof the w working cl chamber. 4 ‘Thea he air pr 


$s us ally m much less tha than the hydrostatic 


, the average air ‘pressure 


s 164 Db, while the 


27 Ib. per sq. in Unde der con was a 


nel hak small leakage i into the caisson of from 15 000 to 20 000° 


the rock was” always carried from 2 2 5 in. out: 


the ihe were cut ‘through 


lay, bags and all, was squeezed back of the edge 


‘Table 1 shows the relation of the final position of the caissons to ; 


na ‘rock excavation in the caisson was $4.48 per c u. yd. for 


om 0 of the ‘shaft is an inverted concrete arch, 4 ft. thick, 


with felt and soon as the caisson: was 
nal position and completed, concrete 


al ex 
ck s , brought up to the Tine of 


sm 1-in. r coat. he fet 


— 


under the eutt under the 
blasted at a lower « trough and ht to 1 ing: the 
then pped par ed the net 1 the calss trolled 
10 lly erushe caisson w move f 
ts then lev el was aesir r ar d 
ing. The n the side always carric ation of the top of 
ia posts mo isson near oncrete in t about g cham- 
The ca ke Ht. OF in the isson. 
t 87 sun e sure im ide th 
_ abou be bead ou 
w 
Januall 
= 
4 
— 
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tunnels. Plate shows their relative positions. ‘They were 
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pitch. “These were e rolled and se sent nt down into th ‘the chamber, 


they were put down with ‘cold pitch liquid at 60° ‘Fahr. 
sheet of felt It overlapped the one one below in. ‘The water- -proofing was 
covered by by a 1-in. mortar coat, after which the ec conerete of of 


“ae 
Aft, inverted a arch ‘was placed. While the -water- -proofing and 


-ereting were being done, the air pressure was kept at from 30 to 33 Ib. 


‘per sq, in, the full hydrostatic head | at the cutting ‘edge. After 


ing det ten n days, the air pressure | was taken. off, and the ‘removal of f the 


7 roof of the working chamber was ‘begun. The water-proofing was as done 
ty the ‘Union Construction and | Waterproofing Company. 


After ¢ of each working cham nber been removed, the 
shield was cradle in the bottom of the shaft, 

position to be shoved out of the opening in the west side of ‘the 


caisson. 1. Temporary rir rings of iron 1 lining were erected across the e shaft 


meses s n order to er to furnish something f for 1 the : shield je jacks to shove against. 


‘The e roof of the working chamber was then ‘Te- -erected about 35 f ft. 


its original position about ft. above | the tunnel openings. 


time, instead of the two small shafts which in during 


' the sinking of the caisson, a a large steel shaft with a T- “head lock wes 


“built. This : his is 3 illustrated i in Fig. 2, Plate LXXXIV. The s shaft was 


ft. in ‘diameter. Thside there was a and an elevator for 


and hoisting ‘men the tandard yd. tunnel cars. 
the top, forming the: head of “the the were two standard 


ere 


permanent shaft, to the river shafts i in Lone Island City, 


was” located across two lines, with axis to the 


divided equally by a reinforced conerete partition wall transverse to 


A 
the of the tunnels. On completion, the western 2 portions were 


turned over” to 1 contractor for eross- -town for 


=) 


* Proceedings, Am. Soc. C. E., for September, 1909, 
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PLATE LXXXvV. 


BRACE, MASON, AND WOODARD ON 
RIVER TUNNELS: PENNSYLVANIA RAILROAD. 


Fie. Firrep wita SecTIonaL SLIDING Hoops AND SLIDING 
EXTENSIONS TO THE FLoors. 
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South Shaft—Work « on the south ‘shaft was” started on J une ‘9th, 


south half of ‘the d disintegrated at 


«depth of about 20 
_ Starting in Aug out 
‘in an open -untimbe cut ‘the rock, and a by 50- ft. shaft 
sunk throu gh the ro ck t to leaving a 10 or 12-ft. 


The of ‘the cai caisson was about the m middle 


January, y, on the rock berm surrounding the 20 by 50-ft. ‘shaft and ae 
about 15, ft. below the surface. surface. Fig. | 3, Plate LXXXIV, ‘shows i 


caisson assembled. |. The excavation 


sett had shown ‘that hard rock very small: quantity 


the cutting: -edge ‘stiffening peace, and the was carried 


by. methods ‘similar to those used at Long Island. jacks 


‘blocking supporting the caisson are shown i in Fig. sy ‘Plate LXXXIV. rar = 


_ As soon as the cutting edge entered ‘the was as drilled about 
65 in, outside of the neat lines, the space surrounding the caisson was 
back- -filled with clay and muck to steady it and provide skin friction. 
As the friction increased, 1 the walle Ww vere filled with concrete, and as the 
caisson ‘slowly settled, it was checked and guided by blocking. The 
cutting edge finally came to rest ft. below mean high water, , the 
sinking, having been accomplished in about seven weeks, a’ at an average 


The, final position of the cutting edge in relation to 
‘position is shown in Table 


A berm about 4 ft. wide was left at the foot 0 of the caisson see. ue 
which the rock was somewhat fissured and required timbering. The 
-. cutting edge of the caisson was sealed to the rock with grout « on the = 
outside and a \ concrete base | to the caisson wa wa 
a 
"resting on on the 4-ft. berm. Following the completion of the shaft, ‘the 
permanent sump was excavated to ~— for use during construction. 


t, the full shaft area, 74 by 40 ft., was taken out ss soc ae 


— 
-= 
q chamber roof was provided, the caisson wa 
10 ft., and the circular openings were permanently closed. 
= 
| 
| 


7 


a 
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= oS — orth Shaft. —The north shaft had to be sunk ina n a very restricted 
‘The east side of ‘the caisson. cléared an 2 adjoining building at 
a one point by only 1 tt, while the northwest corner was within | the samie 
distance of the east Tine 0 of ‘First: Avenue. As in the case of ‘the Long 
~ Island shafts, the steelwork for only the 40 ft. was s ordered at the 
“start. This height was completely assembled before sinking was 
_ begun. . The caisson was lowered i in about the same manner as those 7 
described. The "bearing brackets: for ‘the hydraulic jacks 


were wee attached, as at the south shaft, to o the inside « of the cutting- -edge 


brackets. The east side of the  eaisson was i in contact with the 


tions of the neighboring building, while west side was in much 


softer material. As a a consequence, the west side tended to settle. 
rapidly and. thus us throw the ¢ caisson out of level and position. 


that tendency, it was to! load east wall heavily 


oom after | was” 
“point below the elevation of the te top of tunnels. The rock 


a small test shaft was sunk to a 


found to be soun ad, , hard, and nearly dry. it was then decided to stop 


je 


acta the e caisson as sc soon as a foundation could be secured on sound rock. - 

—_ The latter was s found at a de pth of 38 ft. below mean high w water. ee 7 
7 


With the cutting edge seated at that depth, the | top of the ¢ caisson was 
“only 2 ft. above mean high wa water, and as this was s insufficient protection — 


against high tides, a 10-ft. extension was ordered for the top. Work, 


however, went on without delay on the remainder of the excavation. 
the cutting edge and the rock was sealed with | 
concrete and ‘grout. The caisson was lowered at an average rat e of 
per day. size of shaft below the cutting edge 
ft. in, by 32 average rate of excavation during the 
84 cu. yd. per day. The average rate te 


7 \ 
e 


=] 
me 
n 
ee 


rock excavation ‘below the: fi inal position of the cutting edge wa 
eu. y yd. per day. There were night and day shifts, each working 

10 hours. 4 ‘Excavation i h cost $3.96 per cu. yd., which $145 


~~ 


was for labor and 51 for top charges, excavation of ro 


me 


“their displacement from the desired positions, are shown in 


final elevations of the fc four corners rs of the ‘together 


. 

— 

— 

— 

" 

= 

| 
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The four river tunnels, b een the Manhattan and Long Isl 
ity shafts, distance of about 3.900 constructed by the 
shield method. ight shields were one on each line in each 

shaft, the four from Manhattan working eastward to a junction near 3 a 
_ ‘the middle of the river with the four working westward from Long e : 


sland | City. . Tow oward d the end of the work it was evident that the shields in 


T unnels B, C, and D would meet in the material a short distance 


east of the Blackwell’: Island Reef. ‘if work were continued in all head- 

wor 


the edge a the ledge. s shields in Tunnel A met at a cor-_ 

responding point the suspension of work in either. average 
1 760 ft. of tunnel was driven from Manhattan and 9 142 f ft. from 


TUNNELS Driv EN EasTWARD- FROM MANHATTAN, 


shown in the profile « on Plate LXv," and were similar i in all the tunnels. 
Tn general, they w were found to be : about as indicated i in the preliminary 


borings. The e materials in ‘Tunnel 4m may taken as typical 


From the eastward, im succession, were 123 ft. 


Materials and Inception of | Work.—The materials encountered 


all. 


of all- rock section, 87 ft. of part ea earth | and ‘part rock, ft. of 
‘earth, 515 ft, of part rock and part earth, 291 ft. of all rock, and 56 ft. 


1. The rock « on the Manhattan ‘side was Hudson schist, while that in 


‘the reef was 18 Fordham | gneiss. Here, as elsewhere, they resembled each 


other closely; ; the e gneiss was | slightly the harder, » but | both . were — 


seamed and Wherever it was ; encountered in n this work, the 
ige surface was | covered by a deposit: of boulders, gravel, and san 
vorking varying in thickness from 4 to 10 ft. and ay averaging ng about 6 | = 


slope « of the surface of the ledge ‘the Manhattan side 


veraged | about vertical to 4 horizontal. ~The rock near the 


ay 
Was full of disintegrated ‘seams, , and wa was badly broken up. It was 


stratified, and toward the west at at an anal of about 
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degree. pieces frequently broke from the f face and slid 


~ into the : shield, often e exposing g the sand. ‘The’ ‘rock surface wa was very 
irregular, and was covered with boulders we and de tached masses of rock _ 


embedded in coarse send and gravel. The sand a nd | gravel allowed 


the air escape ‘freely. the time the shields. had e ntirely cleared 


2 the rock, the material in the face had changed to a fine sand, stratified a 
an every few inches by ve very y thin } layers of chocolate-colored lay ey 
. This is material elsewhere r eferred to as 


‘the shield advanced eastward, the number and of the 
oar of clay increased until the clay mews at sisi 20% of the entire mass, 


at the bottom of the face changed suddenly to one in which 
the: layers of clay ‘composed probably 98% of the whole. The sand 
“layers were not more than ts in. thick and about 2 in. apart. 


of rose gradually for a distance ft. 


Ata distance of about 440 ft. beyond the Manhattan 


Aa 


‘The st urfa ces of both the “clay and gravel were irregular, but they 


rose gradual was encountered, the formations of gravel 
parallel to the rock ck surface. 


the the ‘rock ‘rose they disappeared in order and were 


4 again encov untered | when the ‘shields broke out of : rock on t the east side 
the Isle and Reef. East of the Tee quantity of 
s before the lay 


peared the top the cutting edge. unnels | 


Wh 
of air materially. is 8 lar; to = 


where the rock at the top was found 
a This was as far as it was considered prudent to go. . with the full- sized - 
section without air pressure. At about the same e time top headings 


many of the layers were 2 in. thick. | 
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Fig. 1.—REAR OF SHIELD SHOWING 
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avated westward the for a distance 100 ft., 


mage se to ‘the shaft and interference with ‘the ‘river when 


work Ww was started by the contractor for the s-town tunnel. 


shields were | erected on timber veradles i in the shaft, and were 


shoved forward ‘to the 4 face of “excavation. Conerete bulkheads, 
with the necessary air- locks, were t then built across: the tunnels behind - 
the shields. ‘shields | were erected b before the | dividing walle between 


7 the ‘two ‘contracts w were ere placed. Rings of iron tunnel lining, backed by % 

timbers spanning the openings on the west ‘side, were erected tem- 
-porarily, across the shafts in in order to afford a ‘bearing for the s shield 
jacks while. shoving into the , portals. The movement of t the shield 
eastward was: continued inv . each tunnel for a distance of about 60 ft. ‘ft. pe 

and the ‘permanent cast- iron tunnel lining was erected as the 

advanced. Before breaking out of rock, it was: necessary to have air 


ject was 


pressure in the tunnels. ‘This required the building of bulkheads with 


air- -locks ‘inside the cast- iron linings just ‘east of the 1e portals. Before 


‘erecting the bulkheads it was necessary to the. ‘annular ‘space 


“between the i tunnel lining a the rock. The space at ‘the portal 


as “they were re erected. The plates contained ‘slotted to 

those in the segments. “After the rings left. the shield, the plates were 

driven outward, and “projected about 5 in. When the tunnel was 


els were put under 


air pressure on the following dates: 


ad Line D, on 1 October 19055 


This 
In the deepest part of the river, near the line on the 


4 
| 7 
ate 
3 
‘| 
| 
d 
| 
| 
. : had been erected in each tunnel, two rings were pulled apart at the tail gg 
_ of the shield and a second masonry wall or dam was built. The space ce 
_ between the two dams was then filled with grout. To avoid the possi- oe oe | 
- bility of pushing the iron backward after. the air pressure was +e 
‘rings of segmental plates, 3 in. thick and 13% in. wide, were inserted cae — 
ve 4 
th niat wers mhedder 
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“Manhattan side, there was 8 ft. natural cover tops. 
of "the tunnels. This cover consisted of ‘the fine sand previously 
described, and it was certain that the air would escape freely from the © ‘ 
tunnels through | it. . To give a greater depth of cover and to check 
the loss of « air, r, the contractor prepared | to cover the lines of the tunnels 
with blankets of clay, which, however, had been provided for in n the 
specifications. Permits, as. described | later, were obtained at different 
times from the ‘Secretary of War, for dumping clay 3 in varying thick 
nesses over the line of work. dumping for ‘the blanket allowed 
under the first permit was completed in in February, 1906. thick- 
‘ness of this blanket varied considerably, but averaged 10 | “ 12 ft. on 
= Manhattan side. The: original blanket was of material 
but the depth. of clay was insufficient to > stop: the loss of air. bo 


The essential parts of the shields in the four tunnels were 
iced - Those i in ‘Tunnels B and D, however, were originally fitted with 
sectional ‘sliding hoods and sliding extensions ‘to the floors of the 


working chambers, as shown. by Fig. 1, ‘Plate LXXXV. The s shields 


oS Tunnels A and C were originally. fitted with fixed hoods : and fixed 


- extensions to the floors, as shown in Fig. 2, Plate LXXXV. = 


"description of the shields will be found in Mr. Japp’ paper. 
; The shields in each pair of tunnels" advanced ‘through | 
solid rock section about abreast of each “other, until test holes from 
> faces indicated soft ground within a few feet. As the distance 
- between the sides of the two tunnels was only 1 14 ft. it was thought 
¥ pest to let. Tunnels B and D gain a lead of « bout. 100 ft. before 
- Tunnels A and C 7 opened out into soft ground, in order that al blow | 
rom one tunnel might - not extend to | the other. er. Work in Tunnel GO 
was shut down on December 23d, 1905, after exposing sand to a depth 


oof 3 ft. 2 at ‘the top, and it ; remained closed for seven weeks. Work 


A was suspended on September 294 29th, 1905. By the time 
- Tunnel B had made the required advance, it, together with Tunnels C 
and D was overtaxing the capacities « of plant. Only a 

little» work until July, 1906, work in 


nel r 22d, 1906. 


TUNNELS Driven Westward FROM Lone IsLaND 


‘Materials and Inception of the Work.—The materials in 
‘Tunnel A are typical of all fou 


r tunnels. ‘the Long Island ‘shafts 
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PLATE LXXXVI, 
= 
OCTOBER, 1909. 
MASON, AND WOODARD ON 
RIVER TUNNELS: P 


Dotted lines here indicate 
> rock pile aftcr biasting in 
“front of shield. 


SS-SECTION AT B-B,FIG.3 


ete Cradle 


Pye 


as 


CROSS-SECTION AT FIG 


is 


— 
on 

3 


red sand, which occurred in a layer varying in thickness from 6 ft. to 

ath least 15 ft. It may have been much deeper above the tunnel. It is 
the quicksand usually encountered in all “deep: foundations in 


York City. 7 be he following is the result of ‘the s sifting test of this sand: 
on No. 30) sieve 0. 6% 


No. 4 50, 4 2. 4% 
No. 80, “ 
100, 


0 


easy to we 
quicksand found in 4 


ever, if it ‘is always applied to the same In 
sisted of layers of blue clay and very fine red The clay seeme 
be perfectly ‘pure and free from ‘pand. break 


westward, in successIun, wer Bio ft.of 
part rock and part earth section, 22 ft. of all-rock section, 56 ft. of 
part rock and part earth section, 387 ft. of all-rock section, 70 ft. of > ae ae 
part earth and part rock section, and 1333 ft. of all-earth section. = iim 
The materials passed through are indicated on Plate LXV.* The 
ge 
- yoek was similar to that of the Blackwell’s Island Reef, and was like- ea ae 
a 
= _ This means that grains of all but 4% of it we han 0.0071 in. i ae ae 
—) in diameter. The 19% which passed the No. 200 sieve, the grains of _ =€y = 
"id which were 0.0026 in. or less in diameter, when observed with a £ f Mim 
microscope appeared to be perfectly clean grains of quartz; to eye 
ana _ it looked like ordinary building sand, sharp, and well graded from ge [7 
_large to small grains. This sand, with a surplus of water, was quick. = $= 
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easily with a clean, almost erystalline, fracture, and yet it was soft 

and would work up up easily. The layers of clay varied i in thickness from 


ds in. to 1 in., while the thickness of the sand layer | varied from 4 in. 


several inches. san and w was the same as the quicksand already 
escri 


‘The “bull's liver” was ideal material in n which to work a Tt. 


i stood u up as well alk: held the air about as well as clay, and was much 
third material was a layer of fine gray sand was en- 
a countered in the top of all the tunnels for about | 400 ft. just east of 
-_ Blackwell’s Island Reef. It was very open, and had grains of rather 


During the starting out of the tunnels from the shafts, 2 and for 
"more than a year afterward, ‘the roof of ‘the working | chamber in the 
= caissons and the locks previously described under the Long Island 


shafts 1 took the place of the bulkhead across the tunnels for confining 7 


The first work ix in air pressure was to remove the shield plug closing ~ 


, ope wena 3 in the side of the shaft. This being done, the shield was” - 


‘shoved through the opening, and exeay ation begun, i 
At he start the shields were fitte d with movable platforms, but no 


kind laced until after the “rock excavation was 

ETHODS OF EXCAVATION. 


= 
The distribution of materials to be excavated, as previously out- - 
ed, divided ‘the excavation into thee distinct classes, for which 
different methods had to be 


These three classe es were: 


Ft ck section. 


The extent of the second and 1 an classes was much greater t ‘than 


where the face was wholly or partly i in it was necessary to 


the ‘methods by "experience. The specifications required that 
where rock was present in the bottom, a bed of concrete should be laid 


a cradle on which to advance the shield. 


a 
: 
— 
— 
— 
& 
— 
— 
— 
q 
— 
— 
4 hoods 
a 
— 
— 
— 
ted? 
— 
— 
| 


a 


i 


Wi 


2 


pu 


Ra 


wre 


— 


| 
ING FOR 20 SHOVE AND PLACINE 


NUS 
SZ 
A 


= AFTER SHOVE 


. 


PREPARING FOR 22 SHOVE AND PI 


XVIII. 


OCTOBER, 1909. 


R 
VER TUNNELS: PE 


RACE, MASON, AND WOODARD ON | 


SS 
= 


= 


= 


WING BREASTING 


SH 


4 


E AND PLACING BOTTOM PLATES 


(eri 


—— 


| 


| 


PENNSYLVANIA R. R. TUNNELS, RAST RIVER TUNNELS» 


Rock.— —At different times, three general methods were for 


excavating in all- rock sections. They may be called The bottom: 
heading method the full-f face method; and the center heading ‘method. 


The bottom- heading ‘method was first tried. A heading, about 8 ft. a a 


high and 12 ft. wide, was driven on the center line, with its bottom — 


as nearly a ad possible ‘on the grade line of the bottom of the tunnel. a 


was drilled in n the ordinary manner by four drills mounted on two 
columns. The face o of the headings v varied from 10 to 30 ‘ft. in poeta 
of the cutting edge. After” driving the heading for abot ut 10 ft., 

‘bottom was. cleared ‘out and a a eonerete cradle was set. The width 


the cradles varied, but wa was gener erally 8 


ig. 1, Plate , which represents the 
~ after the opening had been cut in ‘es — ‘but before the new 
The sides and top were shot downward into the 


of the face remaining behind the heading was large, and a great number ; 


of holes and several rounds were required to fire the face: to advantage. 
As soon as meg as started at the face, the heading was completely 


— good as any that could be . devised for use with the seit as originally | 
installed. _ All the muck had to be taken from the face by hand and 


handled through the chutes doors. from the shield, 


blocked, and ‘there had to be suspended until the mucking 


nearly ‘completed. The bottom-heading method probably as 


the closed transverse was a obs 


= 
andled from. the upper At ‘best, 


Work j in rock sections. _ 
The full-face method | was only used where the rock was 0 not con- oe ae 


safe for a heading. 4 A cut fired ‘at the bottom, together 


ey side holes, in a manner er quite similar to that ad adopted i in the first 


set of holes for a bottom heading. The cradle \ was then Placed, in 

engths of either 2.5 or 5 5 ft., which the remainder of the was 


fired ‘the same manner as for the bottom- heading method. The 


‘transverse air- -locks, as shown in Bi g. 4 , Plate 
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in front f ‘the bulldhead. 1 t was also thought that some 
a whic could be clowed and tightly be neces- 


sary to prevent flooding the tunnel i in case of blows. WwW hile no attempt 


was” ever made to reduce 1 the pressure ‘behind the shield bulkhead, it 


| 


obvious from ‘experience with ‘Tunnels. B and D, while w orking 
it in the sand between ‘Manhattan and th the reef, ‘that ‘the plan was not 
a practicable, ar and that the closed t bulkhead i in n the bottom was a hin dranee : 


instead of of a safeguard. As soon as rock n those 
ough ‘th 


experience 
Shields A and C, wh 


he Manhattan ledge 
Long Island City in in “May and due une, 1906, openings Ww were also provi ided. 


hese s ields had to p pass ‘through | about 700 ft. of rock : 


"greater portion of all- rock section. 


which 


“the work king space in front of t the e shield v was ramped and d but men 
ade 


was radually widened, « at the t » made 
fr rom. m the sk 


ow anc the 


fir ing the ‘top, ah 1eay, 
*, ie Mc from top 


was caught o: on 1 the e platform and ae into cars below. This method : 


n vn by Fig. 2 ‘Plate ‘LXXXVIL. The platforms were 


in were 


=a; 


hod utlined is called ‘the centr 
, and most for ul 


«(Cf 
— 
— 
Be 
— : 
Pe 
— 
— 
throu gh the bulkhead: 
— 
— Bthods were developed, 
— 
— 
— 
— 
— 
turned upward and a top bench was 
— Bie 2 Plate LYYYVII There 
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ee whe coarse which 1 permit ted a free: escape 
necessary, before removing the rock immediately under 
oe ‘soft ground, to ex cma the earth in advance of the shield to a 
_—_ where the rock - “was to be disturbed, and to support, in 
Ww way, the | roof, sides, and face (of the o opening thus made. 
hoods were designed mainly for the purpose of supporting the roof 
and the sides. ‘With the fixed hood it was necessary either to excavate - - 
for ‘the « distance of the desired shove i in front of it or else to force the. re 
aterial. . To avoid this the 


Je he 
app’s ‘paper, t n encing at the top were fo 


forward by ‘the screw ‘rod, one at a time, as far as possible into the a 
iy: material. ds ust enough material was then removed from 
underneath and in fron: of the section to free it, and it was again ~ oa 
‘forced forward. These operations were repeated ‘until the section had Me 
been extended far enough for a shove. As soon as two or three sections 
had been pushed forward i in this way, the : face near the advance end of 
‘the sliding hood was pr otected by a breast board set ‘on edge and 
braced from the face. Gradually, all ‘the segments were worked for- 
ward, and, the same time, the whole soft, ground face was: sheeted 
with | timber. At times polings were placed over the extended | segments | ~ : 


in order to make room for a second shove, a8 shown on Plate 


XVI When the shield was advanced the nuts on the screw 


rods were loosened and the sections of ‘the hoods were telescoped on 
to. the shield. iden was ingenious, but. proved impracticable, 

because o of ‘the 1 unequal relative movements of the top and bottom a: 
the shield in n shoving, bringing transverse strains on the hood sections. ‘bas 
the fixed hood, poling boards were used to support the root 
and sides, a and the face was supported ir in the manner described for the 
iding hoods. The p polings were usually maple or oak planks, 2 in. a 


ie ‘thick, about 8 rm wide, and 64 ft. long. In 1 advancing the face, the top 

ob board of the old breast was first removed, then ‘the material was care- moe 

y worked out the: length 1 of the poling. The latter was then 
placed, with the rear ex end resting ¢ over the hood and the forward end — 3 


- forced as far as possible into the e undisturbed material . When two or. 


poling s had been placed, a breast board was “set. After several 


thy 
| 
| 
| 
4 
4" 
~ 

| 


ats 


of cantilever to the Plate LXXXIX 
kind of “supports, In this way all the soft material was excavated 


down to the rock ‘surface, and the roof, sides, and face were shected 


a ee with timber. In shoving, the polings in the roof and sides were lost. 


was found that the | breast could usually advanced ft. with 


safety. The fixed hood made it t possible to set, the face , about 7 or 8 ft. 
in front ‘of the cutting edge without increasing the Jength: of the 


polings. distance w was ample for t two shoves, and “was 


adopted, although a great many faces were set for one shove 0 only. 


Fixed] hoods w were substituted for those of the sliding type, originally 
placed 0 on Shields B and D at Manhattan, a at ; about: the time the latter 

placi the polings and breasting, all voids’ behind 


filled as s far as Possible > with anid hay or bags of sawdust or or clay. To 


prevent loss of air in n open en material, the joints between ‘the boards were 


plastered with clay especially prepared for the purpose in a pug mill. 


‘The: sliding extensions to the floors of the working compartments were 


used, in the early part of the work, to support timber face 


or loose rock, ah shown in n Fig. 1, Plate LXXXVIII. At such times 
the front 0 of the extensions was held tightly « against the plan nking by the 


pressure of the floor jacks. While shoving, the pressure on the floor 


jacks hactaaea gradually : released, allowing the floors to slide back into the 


- shield and still afford support to the face. The extensions also afforded _ 


convenient working platforms. They w were subject. to. severe bending 


strains while the shield was being shoved, however, and the cast-iron 


rams were frequently broken or "jammed. . The ex xtensions did not last 


et beyond the | edge of the ledge at Manhattan, nor more than about 


half through the rock work at Long Island City. The fixed extensions 


placed Shields A and C at Manhattan were “not sub- 


stantial enough, and lasted only a few 


; Wherever the rock face wa was ‘sufficiently sound and hig gh, a bit 


Sy ole wes driven some 20 or 30 ft. in advance of the shield. 2 The 
P 


heading was driven and the cradle independently of the face 
of. the soft ground above, and in the m manner deseribed for all- rock 


a sections. . The remainder of the rock face was removed by firing top 
and rounds into the after ined soft ft ground | been 


— 

| 

— 

— 
—— 

— 
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disturb Frc. 8. —SHUTTERS 01 ON FRONT oF SHIELD. 


PLACING 
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face Fig. 1.—Smaun SuNK To Ro. Fi, 
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gd 
4 
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wae, 


“the ti timber | work or break the rock away from under the aoe ieee 


‘if either occurred, likely, to 
shown by Figs. 1 2, and 3, Plate and 


| while work Was in progress on the soft ground above. The 

for a horizontal or vertical cut t and side an a é 


‘drilling was done either 


top rounds. The drillers were protected while at work by platforms 


timber built ‘out from the the compartments above. This 


pow all the delay due to drilling the bench, 


All-Earth Section.— As described by Messrs. “Hay 
in in a paper on the Blackwall Tunnel , the contractor had used, with 
‘marked "success, ‘shutters in the face of the shield for excavating in 
loose e open material. | He naturally the method for the East 


River work, the shields in Tunnels B and D, ¢ at Manhatten, 


- the first to be 2 driven through soft ground, reached a | point under the 


| actual bulkhead line, work was partly suspended a and shutters were 


put in place in the face ce of | the e top and c center ‘compartments. _ The 


shutters in the ‘center compartments in Shield Da are shown in Fig. 


“Plate: XC, while. the method of work with the shutters is shown by 
‘Figs. 4, 5, 6, and ‘Plate LXXXVII. 4 on that plate shows 
“the shield ready for a shove. As ‘the pressure was was applied to the shield 
Jacks, men loosened the n nuts on the screws holding the ends. of the 

- shutters, and allowed the latter to slide back into the working noe 
- partmne nts. _ At the end o of the shove, the shutters were in the position on 
shown n in Fig. 5, Plate LXXXVIII. In preparing for a new ‘shove, 
the slides in the shutters were opened, and the material in front was” 


raked. into the shield. the same time, the shutters were gradually 


worked forward. two upper shutters com npartment were 
generally advanced to 15 in., after the muck could be 


Pape: 
| 
; bench. By this plan no drilling could be done unt ae? 
removed. This is method Drills were set up on 
Later the rock-cut method ™was de q 
| ~ WH 
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shoveled out over the bottom shutters, as shown on Fig. 6, Plate 


LXXXVI, and d Fig. 3, Plate xe. shutters wel were placed i in the 


ats, an 


p the face dry at the these compartments 
filled the soft, wet quicksand. J ust before e shoving, 
this: material ws was excavated to a where it ran in faster than it 


-eould b be t taken out. of t the excavation the bottom compart 


‘the bottom compartment often ran back through the ‘open door in the 
bulkhead, as shown by Fig. 5, Plate LXXXVIII. 7 


- In the Blackw. all Tunnel ‘the material was reported to have been 
— enough to keep in close contact with the s shutters at all times. : 
hh \ the East River Tunnels this was not the case. Qe. The sand at t the top 


as dry and would often stand with a a vertical face for some hours. ] 


Ww 

it was difficult to bring them into close 
ontact with the face at the end of the operation. The soft material 5 
at the bottom constantly running into’ ‘the: lower 


nd ‘undermining the stiff dry material at the top. 

oke away, and, at times, the actual face was some feet i in abuaae., 

the shutters. Un der those circumstances, the air freely 
ugh the unprotected sand face. The joints of. the shutters were 


plastered ith clay, but the air from } ng out 


t 
tion of blows, which were of occurrence where were 
mie in the sand. In Tunnels B and D, at ae Re shutters 
were used in the | ies manner clear across to the reef. In ‘Tunnel 0, 
hich considerably behind Tunnels B —_ D, the shutters, 
although placed, were never used against the face, and the excavation 
was carried on by poling the top and breasting : the face. | The | change 
resulted better progress and fewer blows. The excavation, 


_ through the soft material in Tunnel C had just been completed whe 


us 


ee was started, and the gangs of workmen were exchanged. 
The work i in soft in Tunnel A thus gained the benefit of the 
experience in Tunnel Shutters placed only in the top com 


ait 


artments. in this and, as in Tunnel C, were never in 


e ontact with the face. The method of work is show wn by Figs. 1, 2, and 
- 8, Plate Xcl. _ The result was still more rapid progress in n Tunnel A, 


although the loss of air was fully as great in ‘this tunnel as 
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the other three, there was only one hich caused any ‘considerable 


a of pressure. In Tunnels A and Cc the diaphragms in the rear of © 


the center compartments of the lower tiers of working were 

removed before the shields entered the soft ground. The change 
ane of as much advantage in soft ground as in rock; but it facilitated aay: . 
the removal of the soft wet sand in the bottom. In ‘Tunnel A, a 


encountering gravel, a belt was ‘suspended from the traveling 


stage with one end projecting through the opening into the working © 


compartment. The use of the conv eyor made it possible toc ontinue — 


mucking at the face while the bottom shat of the iron lining v 
put in “place, and resulted in a material increase in the 


aa The shutters were not placed on the Long Island ‘shields at ¢ I. 


before the shields” passed into: all soft ground, a fixed hood was 

each. 

The of working in soft ground from. “Long Island City: is 


- illustrated by Plate XCIL. The full lines ‘at the face of the shield 


attached to 


show the posi sition o e: the earth before a shove of the shield, and t 
dotted lines shov v the same after the sho ove. The face wa mined o 


to the front of th hoo and the fl 


of the top pockets of t he shield. ld. In t the middle pocket, the earth was 

i allowed to take its natural slope back on the floor. ‘Toward the rear 

of th "the bottom: pockets ‘ity held by stop- planks. The air pressure 


ays about equal to ‘the “hydrostatic. head at the middle of 


4, 
3 
g 
3 


March ‘Ast, 1908. 1 This an average off 8. 8.74 ft. per day per shield. 


rate of progress, the 1 nature of ‘the materials and the methods 
Preparations for Junction n of Shields. —As previously ms 


Manhattan shields “were stopped a t the edge” of the reef. . Before 


making the final. shove ‘of those shields, ‘special polings we were > placed 


With “unusual care. The excavation was bell-shaped ‘receive the 
ong Island ‘shields. “The arr arrangement of the polings is 


= 4 Plate the were: ‘shoved into £ 
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@ TABLE 2.—Rate or Progress, Nature oF MATERIALS East River 


A, Lona Istanp. 


All roe Bottom heading ..... 

|Center heading..... 

Earth and rock.|Center heading 

Earth and rock.|Bottom heading .. 
Bottom heading .. 

Earth and rock. Center heading...... 

All rock........|Center heading 

Earth and rock. Going out of rock. .. Sept. 6, Oct. 4, 

All earth .......|/Soft ground......... Oct. 4, Mar. 


Line B, Lona Istanp. 


Sept. 25, 
Nov. 21, °06 
Dec. 30, 
Feb. 13, 
Feb. 21, 
. 21, Mar. 19, 
Mar. 19, Sept. 6, 


EAST R 


Qe 


RQ 
= 
= 
4 
=) 


i 


46 


R. 


69+ 29.6 | 70+ Nov. 20," 
Earth and rock. 70 | Nov. Feb. 28, ‘07 
6 
6 7 
7 


RSS5 


46 
714+9 | 72425 
25 72+60 
60 57 Mar. 24, 


5 
30 


rock |Going out of rock....| 7 
Earth and rock.|Soft ground 7 
vi 


All earth |\Soft ground 


| ang 
4 Sept. 5, 


A 


YLVANIA 


All rock........|Bottom heading.. 
Earth and rock.| Bottom heading 

All rock |Bottom heading 

rock |Center heading 


PENN 


June 11,06 | Oct. 127 
06 | Feb. 7, ‘U7 


om 


soft ground .. 


| 
y 
lf) 


LINE C, 
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Rock 
Mixed 
Rock... 


AST RIVER TUNNELS 


,» E 
ae 


ELS 


Mixed...... 


A 
=) 


[ANHATTAN. 


M 


in 
cut 


...| Bottom heading... 


Bottont heading. 
‘Rock cut.......: 
Middle heading.... 
Rock cut... 
Middle heading.... 
Rock cut a6 

Rock t. 


Breasting and pol-| 


A 


STATION: 


> 


SESE 


SHATTAN, 

Top heading. 
Removing 
Bottom heading... 
Trimming 

| Trimming 

Bottom heading... 

Bottom heading. 
Sliding hood ar 

= breasting. Roc 


bench 
Poling, ting 
_ and shutters.... 


SSaSS 


104+ 61 
Dot 
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108+ 90 
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E 2 
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( Continued.) 


DATE: 


Apr. 2, °06 
J uly 2 ¢ 


Jan. 
Feb. 


|) 


Dec. 28, °05 
06 


Jan. 24, 


-|Mar. 


Rate of 
progress, 
in feet 


inear 


Aug. 


| 
| 


3,°08 | 


81,’ 


Remarks. | 


Shut down on account of air © 
Shut down April 20th to July 


Heading advanced to 97 
Shut down until 
 shieldsmet. 


In normal air 


Bottom heading timbered. _ 
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repair broken pla 
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ATTAN. 


Material. 4 


(Top heading... July 6,’ tion @ l 
Bottom lift of bench. 108 + 35 Aug. 26, 
Bottom lift of bench, .|108 +- 15 | Sept. 11, 
Bottom heading .|107 + 87 Oct. 28, 


ER TUNNELS 


| 


> 


+2) 

Bottom heading. Jan. 17, 
Feb. 12, 
Mar. 1, 


EAST RIV: 


C 


in contact 
Rock bench 
Mixed ..........| Bottom heading....... 
Rock cut.. 93 + 84 | 
98421 
Center heading 30 Sept. 2, 40 
heading.......| 90+ 99 | Oct. 12, 55 
Rock cut......... 90+ 49.6] Dec. 6, 28 


‘Line C, MANHATTAN. 


LS 


BN 


R, 


R, 


| Top heading 107 23 | Jan. 05 | Jan. fle trin 
Excavating bench...’ 9 | Jan: 21: °05 | Feb. 0.04) 
Bottom heading....... 106 + 72 ar. 1,°05 | Mar. 11,’ 

done in normal air. 


Bottom heading..... 107 +- 15 Heading advanced to 106 + 


Bottom heading......./106. (106+ 55 | Dee. 2, °05 3, °05 | 21 33 | order 
Bottom heading.......{106 + 55 |106 + 17 Feb. 12, °06 | Mar. 22, -00 ""shortage. 


1, MAN HATTAN.—( Continue 
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D, Manuarran.—(Continued.) 
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Material. q Method. 


Sept. 3, 06 
Sept. 23, 


06 | Jan. 16. 
3, 07 Feb. 10, 
07 | Apr. 28, 
| May 11, 
| June 17, 
07 | June 25, °07 
07 
07 
U7 
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..|Rock cut 
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| Rate of 

ber of | Linear [Pin 


days. | | per day. | 


Four days ‘of 186 

_ count of flood. 

Thirteen days’ 
put on hood. — 


3 


Co 


7 


 cuttingedge. 


— 
este 
— 


hood. the latter had been’ accomplished the t temporary 

of concrete and clay bags were built as a precaution against blows 
when | the shields were close together. / An 8-i “in. pipe was ‘then driven — 


forward through the bulkhead for distances varying 30 0 to 100 ft., 


order to. check the alignment and ‘grade between the two workings 
“before: the actually shoved The errors in the 


“exactly in the desired position, and it took careful handling to bring 


the ¢ cutting edges together. The Long shields. were driven, to 
Openings v ‘were made the. as follows: 
Tunnel ‘February 20th, 1908; 


Tunnel B 1908; 


‘Tunnel C, March ‘5th, 1908; 

: 

was necessary t to cut away the projecting floors of the 

artments before ‘the eutting edges could be shoved together. 


operations were carried on con-— 
— for thirteen out of fourteen, regular: work being shut 


een ‘the 
=< ‘each gang covering 8 hours, with. an inter- 


a soft ground, was maintained ‘which would 


“presse varying from 30 to 34 4 Ib. ‘per sq. in. ane that of the 
phere. In Tunnels B B and D, at Manhattan, during | the work i in soft ee 
ground, Pressures as high as 37 lb. were maintained for 
periods of time; in n the firm material 1 near the reef 28 lb. was often ise 
su icient, While removing the broken plates, the ‘Pressure was raised 
for a short time to 42 lb., and was: maintained between 373 and 40 
for a Tittle x more than one e month, 
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es com TeSsOrs on each | side o + the river, each | having a a rated — of 
000 cu. cu. . ft. of free air per ‘minute delivered at 50 Ib. above. normal, 

when ronning at the rate of per min, additional « 
pressor of the same ne capacity was s supplied o on each side of the river er, a 


with the requirement for 25% excess capacity; the a addi- 


tional ¢ had also. high-pre pressure air cylinders which could be 
will, and in which could be > increased to 


The combination o on each side of the 1 river, therefore, was 
at 25000 cu. ft. of free a air per mean of 6 250 « cu. 
‘per heading. Its « safe working « ca y was not. far from 20 000 


eu. ft, per min, 
The shields tothe through rock surface in Tunnels. B, C, and D, at = 
“Manhattan, in November and December, 1905. « consumption of 
sit in the four tunnels soon exceeded 15 cu. ft. for 24 hours, and 
in Tunnel D, on several oces occasions, it exceeded 7000 cu. ft. for a like ~~ 
period. Blows had become frequent, and it was evident that air 
plant was inadequate for driving four tunnels at once in the 0 open 
‘material east of the Manhattan rock. W ork in Tunnel A, therefore, 
was not resumed, after the suspension on December 29th, for vec ; 
. <4 ten months, and Tunnel C. was also closed down for more than four 
months of the time December, 1905, and July, 1906 . During 
this” period» the ¢ capacity of the plant was increased from the rated 


000 of ‘free a air per ‘minute, to 3 Tunnel D the 


of - period, the was 4 erie top of 
a sia in Tunnel B, the rock of the reef was still a a little below ‘the 7 
a but the overlying material contained a large proportion of clay 


and held air very well. _ Tunnel C Cw was ‘still in open ‘material, but, with 
two lines safe and with the increased air * plant, it was deemed hes 


‘resume work in ‘Tunnel 4, which = done on October 23d, 1906. 


‘Thenceforward work was continuous in all headings until the m 


- ints with the Long Island shields were ‘were reached. 7 


a This) period, January y to October, 1906, inclusive, w was the: most 


strenuous of the entire work, particularly the first six ‘months. With 


one e and, at times, two ‘tunnels closed down, the consumption of air in 
headings from Manhattan was an average of m more than | 20 0000. 


— 
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— 

— 
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— 
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cu . ft. per min. te periods of from 30 to 60 days; it was often more *“ 


than 25 000 cu. ft. for or 24 hours, with a ‘maximum of nearly 
eu. ft., and doubtless this was exceeded considerably for shorter periods. aie : 
Ons several occasions the e quantity supplied toa ‘single tunnel av eraged — < 


than 15 000 cu. ft. per min, for 24 hours. The greatest averages 


for 24 hours were obtained later it in Tunnel 4, after the resumption Bs . 

of work there, and exceeded 19 000 cu. ft, , but the conditions in the 

headings | of ‘the » other lines were then so favorable, ‘that ‘the work was 


the need of driving 


= the latter had been 
‘The earth encountered on emerging from rock, when driving — 
ward from Long Island, was far more compact and less” permeable 
to air than on the “Manhattan side, but for a distance of from 400 to 


600 ft. immediately east of the reef, it was a clean open n sand, and, 
7 while the shields were passing through this, the quantity of ai air supe 


plied to the four headings seldom fell below 2 20 000 cu per min. 
it was usually more than or 000 cu. ft., w ith a a recorded maximum of 
400 cu. ft. Although this w as greater than ever used on the 
Manhattan side, | it was more uniformly - distributed among the several : 
headings, and in none equalled the maximum observed on the Man- 
hattan side, the largest having» been 12 700 cu. per min. for 24 
tours; it must be _remembered, however, that at one time only 
tunnels: were in progress ‘the “bad material in the tunnels 
3 From the foregoing experience, it would seem that the plant finally 
7 urnished at Long Island, having a rated capacity of 45 400 “eu. ft. of 
ree air p per minute, would _been a reasonable compliance with 
the original actual. needs on the Manhattan side and vice versa; 
the p ant finally developed o on the Manhattan side, having rated 
eapacit y of 35 cu. ft. of free air per minute, would have 


the Long Island side, 


total quantity ‘of free air compressed for 


working chambers of the tunnels and the Long Island ‘caissons was 


Ss. 
of 
di- 4 
be 
te. 
ted 
all headings from Long Island simultaneously 
— ided to increase the rated capacity of the Long = £=( 
a | Island compressor plant to 45 400 cu. ft. of free air per minute, which _ a < 
and 
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rbout 
four 
uring vis 
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in 1 10 ‘min. 
‘This averages pore a little more e than 19 000 cu. ‘ft. per min., the maxi- 2 
mum recorded supply to one tunnel for a period of 24 hours rs. Of ‘this 
30 to 40% escaped in t the first 
45 seconds, while the remainder was a more or less steady loss sup to 
the time when the supply could be increased sufficiently to maintain 
the lowered pressure. few blows showed losses approaching 
im quantity, but the inherent i inaceuracy of observations make the 


The most serious difficulties of the work came near the start. In 
‘Tunnel D blows and falls of sand from 1 the face were frequent after 
; =n soft: ground as ‘met in the top. About s six weeks a: after entering the 
full sand face, and before the ‘shutters had ‘been installed, the shield 
-. showed a a decided tendency to settle, carrying the tunnel lining down 
with it and in a number 0 of badly broken plates in the bottom 


Teads,* "the sand was so soft that the settlement of the shield continued 

for about fifteen rings, the maximum being nearly 9 in. below grade. 5 


The hydrostatic, head at mid- height c of the tunnel was 324 Ib., , and the 
ising of the air to as was done at this ‘time, wi 


the rings. ngs. Notwithstanding the | use of extremely high» vertical 


disturbance of the ‘natural ¢ cover by ‘the silting and re- -driving of. 
Le 
in the reconstruction of the ‘Long Island ferry slips direetly « ae. It a 
“dried the face materially, however, and the shield | began to rise again, 


Pa 


i, 


L 


pressed to between SU and izo lb. Ior power purposes, of which : 
Teast. 80% was exhausted in the compressed-air working chambers. 
| | The total supply of free air to each heading while under pressure, there- 
fore, averaged about 3550 cu. ft. per 
‘i of air escaping during a sudden blow-out is apparently 
much mailer than might be supposed. Investigation of a number of 
gases, showing large pressure losses combined with a long stretch of 
seat tunnel supplying a relatively large reservoir of air, disclosed that a_ 
— 
| 
— 
— 
— 
a 
— 

— 

— 
— 
— 
— 
— 
— 
— 

‘ a e lead of the shield is the angular divergence of its axis from the axis of the — 
Pees and, in this tunnel, was measured as the offset in 23 ft. It was called + when the shie Pan 
was pointed upward from grade, and — when pointed downward. 
— == 
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escape of ale was very 


a ‘a pressure of 98 


-bulkheaded the tunne 
7 ‘to ) permit the rive 
w was mos st s 


' coming a was exceedin iscouraging. 
n g at ry star’ g y aise ging. 
During the shut- -down broken were ‘reinforced temporarily. 


ao 
co ip 


ribs and reinforced ¢ -eonerete (Fi ig. 1, P Plate XCD) which, 


segments, 
described elsewhere. "Practically, no further movement of iron took 


and the loss of grade cat “caused d by the ‘settlement 


which was by: far the — that ¢ ever occurred in this work, was not 

"sufficient to require a aed or alignment of 


on completion of the work, 1 were replaced by cast- steel 


“ai to “excavation. . The features of extreme seriousness did not recur, 


but for “two months the escape 


of air continued to be extremely 


: large, an an average of 15 000 eu. ft. per min. being aeaps on many > 


> 


WS 


‘gener rally “took: so some hours: to raise the pressure to it was before 
the blow. Durii g that time regular operations were interrupted. ¥ In 


the “latter part a permit obtained allowing the clay 

blanket t to be i in 


creased i in thickness up to a depth of water of 27 ft. at 


‘mean low tide. ‘The additional al blanket was "deposited during the latter 


‘part of Tune a and early i in July, and alm 


most entirely stopped the blows. 


By the end of ‘the » month the natura clay, previously descr 


e natural clay, previously described, 
ormed the greater 


“portion of the face, ‘and, from that time forward, 
Played an important part in reducing the quantity of air required. _ 
During April and the ea: early part + of May the work was under ‘the | 

rae the Long Island Railroad. The blanket had to be placed 


ing. 
1 T Tunnel Aa \ bottom iaiieag had been 1 driven 23 ft in n advance 


e at the time work was stopped at the end of 1905. - During ; 
= 


the river bed 
- into the shield and the flooding of the tunnel with 4 ft. of sand and (7% 
the shield and the floodin 
) , the face was 
= 
April, 1906, the loss of air became very great, and blow-outs: were of 
almost daily occurrence until the end of June. At the time of the 
4 
a= 
a 
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A the ten months of inactivity the seams in the rock above ‘opened. The 
rock surface was only from 2 to 4 ft. below the - top of ‘the cutting edge. : 
for a distance « of about 60 ft. . Over the rock there were large b boulders 


embedded : in sharp. sand Itv was an exceedingly difficult operation to 
remove the boulders and place | the polings without s starting run. ‘The 


eu. and r many 


GUIDING THE SHIELDS. 


Little difficulty was experienced at any time g the 
close to the but it was much harder to on grade. 
In rock ere the cradle could be set far en ough in advance 
‘to become hard before the shield was shoved it, there was no 


trouble whatever. Whe re the cra adle be only a very short 


time before it had to abe’ the weight of | the shield, the case was quite 
Fer nd shield had a tender ney to settle at the cutting edge, wa 


inted ‘downward it was extremely diffic cult to | change its 
was generally by oad rails 


several ‘times before it was" 18 successful. Ins 


“easier to change the direction of the shield, phy owing © 


i 


< 


Vv varying nature of the material, it was sometimes impossible to 
nit advance how. the shield should be pointed. It was found 


‘lence at Manhattan | that the i iron | lining remained in the best 


in n relation to. grade ees the underside of the bottom of the 


inet end w was driven on grade of the bottom | of the iron, 


f progress” was slow, it was_ to the a 


as a rule, were in soft 


gra de line, the ‘The 
rade 


he line, though was ‘modified 


the shields w f 


jacks, a pressure about 4.000 sq. 


— 
— 
i” 
| 
= breasting and allowed the soft material from 
— 
| 
| a t 
d 
‘position | 

at q 
if th 

— In th | 
higher, with respect to the 
then usually move parallel to 
-4 siderably by the 
considerably by the way tt 
of the ground at the bottom 


jacks had 9-i “in. Plungers, , which made ‘the average total force 


“were ‘all of the sevel 


n was 5 154 Atons. 


HIELDS. 
There’ were only two instances of damage t to the essential structural De 


features of the shields. The most serious was in Tunnel where the 


“cutting edge at the bottom of t the : shield was forced upa slightly ; sloping — 


= 


edge of rock. A bow was | formed in the steel casting: which was 

arkedly increased with the next few shoves. Work was ‘suspended, 

and a heavy cast-steel patch, filling out the bow, ¥ was attached to ‘the 

bent segments, as shown in Fig. 2, Plate XOII. ; No further trouble 


_ was experienced with ‘the deformed portion. The other instance was 


in Tunnel B , from Long Island, where a somewhat ‘similar but less _ 


serious accident occurred and was treated ina like ‘manner. 
Bulkheads—At Manhattan, “bulkheads had to be built near ear the 


"shafts before the tunnels could be put under pressure. After 500 ft. of | 
tunnel had been built on each line, the second bulkheads were na 
structed. The > air pressure between the first and second bulkheads was _ 


then reduced to between 15 and 20 Ib. the shields. had been 


advanced for 1500 ft., the third set of bulkheads w was built. Nearly 
call the broken plates which were removed were located between the 


and third bulkheads : at Manhattan. Before undertaking this his operation, 
_ the doors o of the 2 locks in the No. 3 bulkheads were reversed to take 


4q pressure from the west. By this means it was ‘possible to ca carry on on the” 


work of dismantling the shields under comparatively low p pressure 
simultaneously with the removal of the broken plates, 


ie? At Long Island City the roofs of the caissons served the purpo purpose seof _ 
7 ‘the No. 1 bulkheads. — Two other sets of bulkheads were eres erected, the | 


first about 500 about 1500 ft. from the shafts, 


SETTLEMENT AT SURFACE OF GROUND. 


of such portions: of the river tunnels, with earth top, 
* were under the land section, ‘caused a settlement at the surface 


varying ‘usually from 3 to 6 in. three- “story brick 


building at 


n jacks were frequently used, and on 
pressure o 6000 Ib. per s 
twenty-seven jacks in op 
a 
a | 
e 4 
d 
is | 
d 
3 
it 
— 
ft. 
f 
— 
of 
— 
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No. 412 East, ‘Street rem required extensive, repairs. ‘This building 
stood | ‘over the | section of part earth and part rock excavation where 


‘the tumnels broke out from the Manhattan ledge and where there were 


“those runs eventually worked up to the caused the 


ment of the alley between the buildings to drop 4 « or ‘ft. 

considerable area. The tunnels also ‘Passed directly under the fetry 

‘bridges: and racks of the Island ‘Railroad at East 34th Street. 


Tunnels" B and D were constantly blowing at ‘the time, and, where 

‘Progress was slow, caused so much settlement that o one ne of the 1 racks had 2 


be r rebuilt. Tunnel A, the other hand, , where progress was. rapid, 


caused practically no settlement in the racks. 


As previously mentioned, , clay 9 was ‘dumped over the tun inels i in vary- 


ing depths | at different times. A material was required which oak 
pack into a compact mass and would not readily ro de under the 


influence of the tidal currents of the river and the escape of the great — 


volumes of air which often kept the water in the vicinity of the shields’ 
in violent motion. Suitable clay could not be found in the immediate — 
vicinity of the work. - Materials from Shooter’s Island and from Haver- 
straw were tried for the purpose. ‘The Government authorities did — 


onnees of the former, and the greater portion of that used came from a 


the latter . point. Although a number | of different permits governing 


the work were granted, there were three ; important ones. The first per- - 
a blanket which roughly followed the profile of the tunnels, 


with an average of 10° ft. on the Manhattan side and some- 


ing the to blow, but 


almost st entirely s 


"advanced out into the them was “dredged w up, 


and th the clay u used d over a again in advance of th the 2 shield. a OO 7 a 


aken lai yo over the shi lds, , if marked | erosion 
was found, _ clay w as dumped into the hole. Ww henever a serious us blow 


a 
— 
— 
— 
— 
7 
— | 

nd Uity side 
} built up to a 
allowed the blanket to be 
| effective in check 
‘This proved effective _ 
| 
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occurred, a scowload of. was over it as soon as possible 


siderable, quantity clay was “placed in storage, ‘Pidgeon 


‘Street slip. at Long Island City, nd or two bottom- -dump SCOWS 


were kept filled ready f or emergencies. - M Mr. Robert Chalmers , who had j 
charge of the - soundings for the contractor, states that “ the depressions 


in n the blanket caused by erosion due to the escape of air were, as a rule, 
roughly | circular i in plan and of a curved section somewhat flat in the a 


center. Satisfactory soundings were never obtained in the center 


ofa violent blow, but the ‘following instance illustrates in a measure 


rat occurred. Over Tunnel B, at Station 102-+80, there 1 was 


36 ft. of water, 7 ft. of clay blanket, and 20 ft. of ‘natural ¢ cov er. Air 


was escaping at the rate of about 10000 cu. ft. ; per ‘min., and small 


blows were oceurring once or twice d daily. On June 22d, soundings 


showed 54 ft. of water. A < depth of 18 ft. of the river bottom hi had been 


eroded in about two days. On the next day there wi were ‘taken ot out of of the poe 
shield boulders which almost certainly been deposited the 


natural river bed. Clay 3 from the blanket also ¢ came into the shields 


on a number « of occasions during or after blows. The most t notable 
“occasion ¥ was in September, 1907, when the top of the shield in n Tunnel 
D from the side of Blackwell’s Island Reef. 
sand in top was very coarse loose, and allowed the air to 
escape very freely. | The fall of a piece of loose rock from under the 


breast precipitated a run of sand which was followed by clay from the 


blanket, which, in this locality, ‘was largely the softer redredged 
material. -Mucking out the shield was was in progress when the soft clay 
started flowing again: and forced its w. ay back in ito the tunnel for a a 
distance of 20 ft., as shown in Fig. 3, Plate -XCIII. Ten m days of care: 
ful and arduous work were required ‘to regain control of the: the face and 


- complete the shove, on account of the | heavy pressure of the plastic | clay. 


The clay blanket was of the utmost, importance to ‘the work 
“throughout, ‘and it t is difficult to see. how ¢ the tunnels ‘could have been. 


driven through the soft ‘material on the ‘Manhattan. side without it. 
new m material used in the ‘blanket amounted to 283 412 cu. yd., 


of which 178 846 cu. yd. were reoved from 1 over t the tunnels” 


-redeposited in the blanket in advance of of the shields. total of 


88 059 ¢ cu. of f clay was dumped over “blows. ‘The total cost of 


placing and ‘removing the blanket was $304 056. 
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on Linine. 


he Ww wie: of | ‘th he » segments were 


I portion, i increasing to 23 


‘the flanges, which were ‘11 in. deep, es in. ‘thick at the roo’ 


the edge, and were machined on all ‘contact “faces. Recesses were 


7 T: 4 set in in the edge ¢ of * flanges, forming a groove, when the e lining was 
in place, ‘i in. deep and about. 8 in. vide, to receive ‘the caulking. The 


holes “were cored in ‘the flanges, and the toning the 


Ww were not macl ined. ‘The customary grout | hol the center 


pipe. Tn this work experience 


was too fine, and that the 


segment wei ghed, approximately, 2 020° 
d 520 b, ‘the total weight being 9 ) 102 Ib. 


1 shows ‘the details a rs standard heavy 3 


same were provided for use in a short. stretch of the tunne 

when passing from a rock t a soft ‘ground foundation, where it was. 


anticipated that unequal settlement cor uent 


fr 


and the other with 14- ‘in. web and 9-1 in. flanges—th 

5 166 lb. per lin, ft. of tunnel and the latter, 6 776 

use in the land sections between East Avenue and the L ng Isla 

City, shafts. Two wei weights of extra heavy segments for “use he 

bottom of ‘the rings were furnished. The so- -called XX plates 

had webs and flanges es in, thicker than ‘the standard segment and the 


ry plates were similarly 4 in. »,. heavier. The conditions under which 
they» were used will be referred to later. All the castings were of the 
same general type as shown by Fig. 
Rings tapering a in. and 14 in. in width were used for changes 
alignment: and grade, the he former being used approximately at at every 
ring the 30° ¢ curves. ‘The e 14- -in. tapers were largely used 
for changes i in grade where it was desired to free the i he iron from binding 


| 

—— oF _ The standard cast-iron tunnel lining was of the usual tube type, [| 

23: ft. in outside diamet 

14 in. thi n. at the roots of 

izin. 

| 

| indicated that" the 1 ad 

taper was objection 

lin. ft. of tunnel. Fig. 

addition to the ctandard pastiiron lining wings af tho 

i 

i : of the biaetetieieepassed out of the tail of the shield, no such settle- 

ed 
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on ‘the tail of the shield. Still 


vantageous for quick results i in n this respect. 
lug was 18 cast on ‘the segments for attachment | to the } erecta, | but 


in . its place the gadget shown on a Fig. 4, Plate X xc | Was ins ; inserted i in one 
of bolt holes 1 near ee center of t ‘the plate, and was held 
on by the running g nut at one ond 


In the beginning i it was expected that the natural 1 shape of the rings 

would not show more 1 in of shor tening of vertical diameter; 

‘this was slightly exceeded, however, the average distortion throughout 


the tunnels being in. The erectors e attached to the shield 
in such a position that they were in the plane of t the center of ‘the ring 
to be erected when the shove wa s made without lead ‘and just far 
enough to permit placing the segments. of the shield were shoved 
too far, a ‘are occurrence, 1 the erection was ‘inconvenienced. In dri riving 
with high vertical leads, which occurred frequently, t the dis- 


advantage of | placing the erector on the shield. was more appare te 
Under such conditions the plane of the erector’s motion was acutely 

inclined to ‘the plane of the ring, and, after placing the lower portion 


of ‘the : ring, it was usually necessary to shove the shield : a few inches 


- 


action is referred to 
At first the erection of the i iron in the riv er tunnels interfered some- 


with the operations, but the length of time required to 


The ‘practical effect of this 


the starting of a shove was seldom postponed by reason of the non- 


completion of a ring. After the removal of the bottom of the dia- 


phragms, permitting the muck cars to be run into the shield and 


beyond, the two were carried ‘on simultaneously without 


serious interference. The installation of the belt conveyor fe ' for handling 


the soft ground spoil in Tunnel A was of special benefit, in this 

respect. 


a Preparatory to the final bolt tightening of of each ring as erected, a 

15- ton draw-jack, consisting of : a small pulling. jack | inserted in a Tight 

eye- -bar chain, was placed the horizontal diameter, and frequently. 

the erectors were also usec d to ” boost the crown m of ‘the sem, the « object 7 


being to erect ‘the ring truly. ccireular. ir. Before s shoving, a a 13-1 “in. 


buckle was also placed on the horizontal diameter order to prevent 

“the nie of the iron, —e ious to filling the void outside v with ¢ grou - 


— | 
— | 
&§ 
— | 
— 
— 
| 
| 
— 
7 
4 
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tortion, they were re- inverted after the passage of the trailing platform 7 


ns until the arch of the ¢ concrete lining was placed. 

The cost of handling and erecting the iron varied greatly at different 

times, averaging, for the river tunnels, $3. 32 | per ton the directly 

_ chargeable labor of handling and erecting, to which must be added 

54 for “top” charges.” ‘The cost of repairing broken plates is 


inthis, 


Broken Plates.— —During the construction of the river section of the 


tunnels, a a number * segments were found to have been broken while 


shoving: the shield. The breaks, which with few exceptions wer were con- 


fined to the three or four bottom plates, : almost invariably « occurred — 


the advanced face of the ring, and rarely extended *d beyond the bottom — 


of the flange. A careful study of the breaks ; and of ‘the shoving — 
disclosed several distinct types of fracture and 


known causes s of breakage by the shield. nie 


In ‘the first case, ‘the accidental intrusion 
between the jack head and the iron aia the jack to take its bearings: 
on the flange above its normal, position opposite the web of the e ring, 


and resulted usually in the breaking out of a a piece of the flange or or in 


several: radiating cracks with or without depression of the flange. 
These breaks. “were characteristic, and ‘the cause was readily 
recognizable, even though the intruding substance w was not ac actually 
In the ied case, the working of a hard piece. of metal, ‘such as 
sg a small tool, into the ‘annular sg] space ‘between the iron ron and the | tail of 
ie: shield, where it was caught on the bead and 1 dragged along : as ‘the 
shield advanced, y was the known cause of a number of broken s segments. 
breaks had no particular but were usually a 
above the line of travel of the lost tool or metal. Their cause was 
determined by the finding of a heavy score on the underside of 
-gegment or the discovery ‘of the tool wedged i in the tail of the awa 
2 lying under the broken plate when it was removed. Iti is probable 
a“ a number of breaks ascribed to unknown causes should be placed | 


‘The third cause includes the largest number of breaks, and, while 
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d- ‘The approach of the supports for the upper floor of the trailing plat- iia 
7 _ form necessitated the removal of these turnbuckles from all but the = (i 
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difficult to ‘define is the most ‘interesting. Broadly speaking, 


7 = breaks resulted from ram movements of the shield i in relation to peg y 


+ 
position of the tunnel lining. - While shoving through. soft ground, it 


was frequently difficult to apply sufficient power to the lower jacks to to 


complete the full shove of 30 in, on ate: desired alignment. The shield, 


as upward at the beginning of the shove, and, 


with a decided lifting wt the tail toward the close of the aaa AT 


similar lifting | of. the tail occurred when, with high vertical leads, the 


top p of the shield was pu pushed ¢ over i in order to > place the upper — a 


the ring. Again, when ‘the shield driven above grade and it 
was: desired to to descend, t the passage of the. shield over the summit pro- 
duced a like ‘effect. In all these movements, with the space between 
the tail of the shield and the j iron packed ‘tight with pugging, , the adil 


ward thrust of the shield tended to flatten the i iron in the bottom — 


occasional broken plates were the result. The ‘free use of the taper. 
rings, placed 80, as to relieve the binding ‘of the lining on the tail of 
the shield, , forces the tunnel to ) follow ‘the: variations in the grade of the 
shield, but reduces greatly the i injuries to the 2 rings from this action. a 
In Tunnel L D, where very high vertical leads were required ‘through 
the s soft sand, « combined with a marked ‘tendency of the shield to settle, 
the s shield © was badly cramped on the iron and dragged along it at the 
- top. The bearing of the iron on its soft foundation tended to thrust - 
= the bottom in this case also, a8 showr n by the opening of the bottom — 
- eross-joints when the bolts were § > slackened to relieve the strain during 
a shove. The anticipated cracks i in the crown plates, which have been — 
more frequently observed in other tunnels, did not occur here, and were — 
not found ‘elsewhere except in one place i in Tunnel B where they were 
traced toa similar action of the shield. cracks resulting from the 
“movements of. the e shield, : as briefly described : above, i in ‘this third case 
were not confined to any particular type, but oceurred | more > frequently 
at the extreme end of | ‘the circumferential flange than : at any other point. 
The number r of broken plates oceurring in the 1 Tiver tunnels was. 
19, or 042% of the total number erected, ‘Of these, 52. were found 
and removed, either before or immediately af fter a shove, by f far the 
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greater number being broken in handling before or during erection. 
‘The remaining 267 are considered below. 


oe on n the Manhattan side where it was put 
and flowing, the removal of a ‘Plate was attended with s some danger, > 


and such plates were usually left to be removed on the completion of 
tunnel. Many of these had been reinforced by | the use of XX, 


YY. and to the break i in the following 


After meeting of the shits, the postponed replacement of the | 


broken segments was taken up. ‘pressure was raised sufficiently to. 


dry thoroughly the sand outside the segments, 3, Which were drilled and | 


_ broken out usually in quarters as shown on Fig. 1, Plate XCIII. A 


steel segment was then inserted in the ring and drawn into place 


by y turnbuckles. The applieation « of the draw- Jack, with a pull of about i 


30 tons to each end successively, brought the plate to a firm bearing: a 


on the radial joints at the ends. 
_ Where the broken plate was: isolated and was reinforeed by steel - 


extra heavy segments in the adjacent ring, the crack, if. slight, 


simply caulked to insure water- tightness. = however, the crack was 


“opened or extended to the web of the plate, the cross- ss-flanges 1 were tied 7 
together by a in. n. by ft. bolt, inserted through the bolt holes. 


the broken flange. The long | bolt acted i in the nature of a a bow 


L in. steel rods in the conerete shown in Fig. 4, 


Plate XOIII. 


Special Construction « at River Shield Junctions — Dismantling the 


+ shields was started as soon as —* came to rest in their final position 


with the cutting edges together. 4 The plans contemplated their entire 


removal, with 1 the exception cylindrical skins and cast- steel 


— 

tached about 5 in. of covering the full width of th = 

and the removal of plete e last ring, — 

| have exposed the ground at the tail of tt would 

om , this introduced no particular difficulties 

a 

4 

f 

| 

re replace the standard — 

he Plate XCIII s d tor its inser- 

he shows one of these bolts in place. In — 
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Inside’ the former the standard tunnel lining was 


4 in 4 ft. of the heels of the cutting edges. ‘Spanning the 
and forming con tunnel lining, the 
ion pies wn by I Fig. 2 _ was built. in. 


ring, long, inside the cutting ‘with an 
ance of 1 in., and two special cast-iron 


-steel ring with | the norm 


— 


16 Segments and Key; Rolled Steel Ring 


‘ai Rolled Steel 
‘Ring 


Special 


fe 
Rae 


on Ring 


Rolled Steel 


Cast-lron Ring 
Diameter 22-914 


to 
a 
2 
3 
2 
n 
a 
3 


Average Width 10% 


Special 


Diameter 


— Diameter 23.0 


Cast-Lr 


ij 


Speci 


ation 90438, 


4 
cast to the determined in field. “Bie shows the 
completed construction. 
Hook- bolts, screwed through threaded holes and buried in 1 to 1 
] Portland cement grout ejected through similar holes, reinforced th 
‘rolled- steel 1 ring against external water pressure. In two of the tunnels Ss 
the concrete ete lining was as carried completely through the junction, and 


| > "Wa 
— 
— 
> 
— 
eonnect_ th al lining. One flange of 
sings wes of the standard type, the other was i 
eee ba - returned 9 in. in the form of a ring, the inside diameter of which was si =» 
——— the same as the outside diameter of the rolled-steel ring to which it } 
space between the standard and special construction was of 
— = 
ad | 
— 


covered. the construction, while i in the remaining two tunnels 
_ was omitted at the rolled- steel ring, leaving 
back about 3 i in. ‘from the face of the coner cu 


Groutine. 


Except as previously noted, the voids outside of ‘the tunnel lining 


note 
7 were filled with grout | ejected through the grout holes 3 in each | segment. 7 


The ‘possibility was always present, that Portland cement, if used for 

grout in the shield-d -driven tunnels, would flow forward around the 

shield and set hard, ‘ freezing” the shield to the rock or the iron lining, 
or at least forming “excrescences upon it, which would render its con- 


trol difficult. = Wit ith this in mind, the contractors proposed to substitute 
an English Blue Lias lime as a grouting material. — Grout of fresh 
: ‘English lime containing a moderate quantity of water set very rapidly 7 
‘in air to the consistency of | chalk. Its] hydraulic properties, however, 
were feeble, anc in the presence of an excess of Ww ater it remained at 


the consistency of soft mud. wt was not suitable, ‘therefore, as a 


‘supporting material for the tunnel. | 


le in the lime, but 


‘the river- tunnel grouting was done w ith ‘this material mixed 1 to 1 te 


volume. o of the ‘Long ‘sland shafts the \ “work which was built 

without § shields was ae ener with Portland cement and ; sand 


neat as ; 


air throug! 


respect until ‘the of the lining been filled ‘above 
_ the crown. | Its properties of swelling and quick setting in the dry : sand _ 


at, that point then became of value. oT he use of dry lime in the face, 


where ‘the escaping | air would carry it into the voids of the s sand and 


| s much more romptl = 8 h ki he 
choke: t ue re p y effic cious in chee the 1e loss. 


ing machine o bya 


air engine. T he he grout was placed o on. | lower fic hae 


@ 
7 — 
— 
— 
t 
— 
q 

| 

‘ - 
7 greater hydraulic propert _| 
Two brands of natural cement were also tried and rejected, but a 
modified quick-setting natural cement, manufactured especially for this 

« 
— 
erout over the top of the tunnel in attempts to stop losses of 
re; 
— 
of 
nels 
md — 
and 
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a A, whale the. materials were 


the. ‘machine through a in the upper floor. “The sand wi was a 
t tunnels we Is were lifted | by « an elevator to. the level of th the upper floor of. a 


Great difficulty w as experienced i in preve eventing the waste of the fl fluid 
‘grout | “ahead of the shield and into the ‘tail \il through th the ‘space bet between 
it and ‘ieok iron lining. In a full soft ground section, the first ‘condition : 


did not usually arise. the full- ‘sections the efficient | 


method checking the waste was found to be the ¢ construction of 


dams « or ‘bulkheads ou outside the lining | between it and the rock k surface. 


this purpose, at intervals. of about 2 30 ft. , the leading ring and the 
i} 
: upper half of the preceding o one ¥ were disconnected and | pulled forward 
sufficiently give access te the exterior. rough dam of tubble, or 
: bags of ‘mortar or clay, was then ¢ constructed outside the iron, and the : 


rings were shoved back connected up. sections containing 
both rock and soft ground, grout dams were built at ‘the cutting — 


 ‘Thes annular space at the tail of the shield wi was 13 at all times supposed 


to be packed ‘tight with ‘clay and and empty bags, but the pugging was: diffi a 
cult to maintain, against the pr ‘pressure of the grout. For a time, 3-i in. 


were used to retain the pugging, but ‘their displacement resulted in a 


number of b broken flanges, and nd their 1 use se was abandoned. Ir In th their place, 


2- in. "segmental plates attached ¢ to the jack heads were substituted with 


segmental steel plates, slipped down between the jackets and the iron, 7 


more ‘satisfactory. results. Notwithstanding these devices, ‘the waste 

soft ground ‘material on various portions of the work. acted very 


‘differently. = The clay and “pulls liver’ ” did n not cave in upon the iron 
Tining for s several | hours shield had passed, sometimes not for 


The fine gray beach sand and the quicksand closed in 
almost at once. The quicksand has a tendency to f fill i under r the i ron 


from the sides a and in places to to: leave orizontal 
diameter which was not from above ve, the ous being ¢ dried out 
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The total of ‘grout cused ¢ on the work was equivalent i in set 
volume to 249647 bbl. of 1 to ‘Portland cement grout, of which | 


233 647 1. were ejected through the iron lining, an an n average of af 


q 
14.93 bbl. lin. ft. The cost of grout ‘ejected ‘outside e of the river 


tunnels was 93 cents per bbl. for labor and - ail for “top charges.” 
East’ of the Long Island shaft the corresponding costs were $0.68 and 
$1.63, 63, the difference being partly due to the large percentages of work 


= done in the normal air at the latter r place. oS 


CAULKING AND LEAKAGE. 


Up to August, 1907, the joints between the segments: of the ecast- -iron 
; lining w were ‘caulked with iron filings and sal ammoniac, ‘mixed in the 7 
‘propor tion of 400 to 1 by weight. With the air pressure balancing the — 
hydrostatic head ne near the tunnel axis, it was difficult to make the rust-— 
7 joint caulking tight below the axis against the opposing water pressure; — _ 
_ this form of caulking was also injured in many places by water dripping 


service pipes attached to the tunnel few trials of lead 


on the borings, 


substitute Pneumatic mmers were used suce seessfully on te lead 


"repaired 1 with lead, and the rem 
1 to 1 Portland cement mortar, lea te joints absolutely wa ter-tight 

The subsequent pur ent of small seepages thr rough | 
the concrete panes seem to indicate a it the repair work edi have — 


been | carried on far enough in advance of the concreting | to permit » the 


detection of secondary leaks which might develop slowly. average 

labor cost chargeable against the caulking was 12, lin. ft. 

which should be added 21.8 cents for “top charges.” 


tA 


‘Unfortunately, it ‘was necessary to pete the greater part of the con- 


1 
rust borings or “lead, were 
de 


r of the groove was with 


in 


= 


 erete lining in the river tunnels” the summer months when the 
temperature a the point of work the 
the ‘concrete. 


and, with the approach of w the contraction of the concrete re- 


abnormal heat, due to chemical a the soon 


e each 30-ft. section of 


sulted in transverse era middle of the these had 


| — 

- 
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| 

| 

| 
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 erete arch as as placed, and frequently finer cracks oo at about the 


center of each 30- ft. section. 
- While the temperature of the e concrete was as falling, a a like change was 
taking place in. the cast- lining, with resulting contraction. The 
lining had been erected in compressed air, the temperature ao ; 
averaged about 70° in winter and higher in summer. ‘ Compressed ai => 
On ‘having been taken off in the summer of 1908, the tunnels then a were red 
lower temperature of the surroun nding earth, slowly falling” until 
the flanges | of the i iron, and showing cracks : at fairly uniform intervals, 
_ probably localized the : small corresponding movements of the i iron ‘near 7 
the concrete. cracks, and resulted in a loosening of the caulking at these “— 
points. With the advent of cold” weather, damp spots appeared 
‘numerous places on the concrete, and ‘small seepages: showed through 
quite. regularly a the temper rature cracks, in some eases developing 


sufficiently to be called leaks. Only a a few, however, were measurable - 
amount, 
a Early in January small brass plugs w were firmly set on opposite sides 


of a large number of cracks, and caliper readings and air temperature 
observations were taken regularly throughout the winter and spring. 


point with each return of 
The leakage was similar in all four tunnels, but was largest in 
ount in Tunnel D, where, at the beginning of Tdiewns, the ordinary | 

was about 0.0097 cu. | . per sec., equivalent to 0.00000347 cu. ft. 4) 
r sec. per lin. ft. of tunnel this 0.0066 cu. ft. per sec, 
cou account 


ft. ‘of se accounted for as ‘general seepage 

It was not feasible to stop every leak in the tunnel, most of which 
were indicated by spots on the concrete; ; a rather simple 

method was ‘devised, ho owe er, for stopping the leaks at the eight or 

ten places in in each tum aie water dripped from the arch or flowed — = 

the face of the nerete. The worst leak in any tunnel flowed 

. To: stop these leaks, rows of 1-i 


ag 
— 
— 
| 
Vil each arop ana decreased as the temperatu OS 
| 
| 
§ 
| 
— 
>, 


to the flange of the iron. These r rows were from 3 to 18 ft. long, ex extend- 7 
: ing 1 ft. or ‘more beyond the limits of the leak. - The bottoms of the 
holes’ were directly on the te: pounding of the 
drill usually drove the cav caulking back, so that the leak became dry c or 
nearly | so after the holes were drilled if left alone the eaks would 
gradually break out again in| af few hours or a few days and flow 
more water than before. ‘They were allowed to do this, however, 
few cases as as experiments. . After the holes. were | dr illed, 
bottom 4 in. next the flange was | filled with soft neat cement mortar 
Immediately on top of t this w was placed | two plugs of neat cement ‘about 
_ O24 in. long, which w were 5 or 6 hours old and rather hard. Each was — 
tamped in with a round caulking tool of the size of the hole driven ven 
with a ‘sledge hammer. | On top of this were driven in the same way 
two more plugs ¢ of neat cement of the same size, which were hard set. 
_ These broke u up under the blows of the hammer, an and caulked the hole 
tight _ When finished, the tamping tool would r ring as though it was” 
in solid rock. Great p Leeeunad Ww wes exerted on the plastic ‘mortar com 
the bottom bas the hole, w which resulted in the re- -caulking of the | joint 
of the iron. No measurable leakage developed in the repaired 
eracks, during a period of and the total leakage has been 
reduced to about 0.002 cu. ft. p per sec. in each ‘tunnel, an an average of 
00000051 ¢ per sec. per lin. ft. 
‘ = 


Sump anp Pump CHAMBERS. 
To take care of the drainage of the tunnels, a sump with a pump 


— 


chamber above it was provided for each pair of tunnels. — The sumps 


were re nally short ‘tunnels underneath the and extending 
“approximately between the center of the latter. Th ere 10 ft. 
iy in. in outside diameter and 44 ft. long. _ The water er drops diy 
the drains in the center lines of “the tunnels into the 


Above the ‘sumps and between th the tunnels, a ‘pump chamber 19 ft. 
> 68 in. long was built. Above the end of the latter, opposite ‘the sump, 


a ‘cross- passage was constructed between ‘the bench walls of the two 

tunnels. This “passage gives access from either tunnel through an 


opening” in the floor to the pump chamber and through the latter | to 


‘the sump. 


‘From preliminary borings” it was thought that the sumps were 


| 
| 
| 
— 
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a located so that the entire construction would be in rock. This a’. 
to be the case on Tannels C and D, but not on Tunnels A and B. The 


excavation was in B, Janu ry Ist, 


_ were removed from the side of the tunnel at the “ero 


a drift 1 was driven through the earth above the rock 
- of Tunnel A. Gabe 


_ nent concrete roof arch of the passage, which was placed at once. At 


the same time plates w ere removed from the bottom i in’ n Tunnel B over | 


F the site of the sump, , and a heading \ was started on the line of the sump | 


toward Tunnel A. As ‘soon as” the had ‘been ‘driven beyond 


was next cross-p passage ‘The soft ground 


was directly in advance of the lining, and the ground 


pump chamber was 2 placed the sump to full size. This 


one voids outside the i iron lining of the sump and 7 
the pump chamber were re filled as completely : as possible with concrete, + 
oul then thoroughly grouted. Finally, the concrete lining was put in 
place inside of the i iron. 
As shown by ‘Fig. 8, the excavation of these left a 
siderable portion of the iron lining ¢ of the tunnels temporarily un- 
supported on the lower inner quarter. To guard against distortion, a 
system of diagonals and struts was placed as shown. 
The floor the pump chamber was water- proofed with felt 


” iteh in a manner similar to that described for the -caissons at Long 


3 

1908, the plates 
— 
ss-passage, andy q 

surface across to 
red as shown by 
— : _ clay blanket had been removed from over this locality and the situation _ 
caused some anxiety. In order to make the heading as secure as 

— 

— 

Va | ao from a break-up westward in the pump chamber and a connection was 

—— 

i 
“ 

— | ia work. On account of bad ground and seams of sand encountered in the _ 

— 

q 

of the tunnels. The sump was then excavated to full size. The iron 
— 

— 

— | 

| 
— 

— at 
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aoa City. he w as not possible to make 1 the felt stick to the vertical 
walls with soft p pitch, which was the only kind that could be used in 
‘compressed 2 air, and, therefore, the st surfaces were water- by 
wall of asphalt brick laid in ‘pitch melting at 60° Fabr. Forms were 
erected | on the neat line, and the space to the rock was filled with con- 
erete making a so- -called ‘sand- wall, similar to that at commonly used for 
_water- proofing 1 with felt ‘and pitch. The bricks w were then laid to 
height of four or five courses. The joints were filled with pitch instead 
of mortar. 7 Sheets < of tin were then placed against the face of the 


wall and d braced from the conerete e forms. As m much piteh as possible 
then slushed between the brick and the s sand- wall, after which 
the concrete in the main wall was filled up to the top of the water- 
proofing course. The tin was then | withdrawn and the: operation 


repeated. This method was slow and e: expensive, but 8 gave good results. 

Ordinary pitch | could ‘not be used on account of the fumes, , which 

particularly objectionable i in n compressed air. ‘The 60° 


heated in the « open air before e using. Po 2, 2 F 
“ 
a The su sump > and | pump np chamber on ‘Tunnels C and D differed iin the 


described only i in minor details; but, being wholly constructed in 


rock, presented fewer difficulties and. permitted a complete of 


water-pr proofing to be placer d in the top. 
Concrere Lininc. 


The placing of concrete inside the iron tube was done by an an organi- _ 


P 


zation entirely separate from the tunneling force. A x mixing plant 


—_ placed in each of the five shafts. The s stone and sand bins dis- 
charged directly into mixers: below, which, | in turn, discharged into 
ae side-dump concer concrete cars. All concrete was 3 placed i in normal air, 

J The first. step, after the iron ining was seraped clean and washed — 
é down an 


own and all leaks wer were e stopped, was the placing | of biats, ‘marked B 
on Plate XCIV. “These. were made 1 up of a 6 by 18 12-in. 1. yellow } pine 


— 


timber, 17° ft. long, with two short lengths of the s same size spliced 

= its ends by pieces of | 12-in. channels, 3 ft. 9 in. long, clamped upon» 

the si sides. These biats were ‘Placed ev every 5 ft. . along the tunnel in 
rings having side keys. Next, a floor, 13 ft. wide, was laid o on the biats 
and two tracks, of 30-in. “gauge ‘and Ob ft. centers, were laid upon the: 
floor. r. There were three stages in the ¢ concreting Tea g. Fig. 2, Plate XOIV, 


_ shows the concrete in place at the end of the first, and Fig. 3, Plate 
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XCIV, at ‘the end of the second stage. The complete ar arch above the 
ber ench walls was done i in n the Tas last ‘operation. — 


Two 3 3 8 by 1 10-1 -in. ‘soldiers (SS in ‘Figs. 1 and 2, ‘Plate e XCIV) 


"fastened tc to ea and braced. across s by t two. o horizontal and t two wo diago- 


nal braces. . Toes each pair. of soldiers a floor template, was nailed. 


‘The form for center drain was th ‘then suspended as shown i in Fig. 1, 


Plate Three pic pieces of shuttering, FFF F, 20 f ft. long, were then 


“nailed to the bottom of the soldiers. One ‘is all ‘that would have been 
the first concrete placed, but it was easier ‘to place 5 them 
this stage than later, when there was less "Three rough shutters 

were also » nailed to the curved portion for the floor template. “Opposite 
each biat, a bracket, bb, was then nailed, which carries a a set of — 

‘boards which formed the risers for the duct steps. 


‘a 

ready for concreting except that, where refuge a 


form for the portion of the niche below the seat was nailed to to | 


os ‘This form is shown at R in Fig. + Plate XCIV. 


with a shov vel. . The e workmen. became very skillful at this, and got a 

fairly smooth ‘surface. This This concrete was ‘usually placed i in n lengths of , 
45 or 60 ft. . After s r setting f 1g for about 24 hours, the brackets, bb, were 
erent together with the ¢ shuttering on the steps. The t triangular 
| ares in 1 Fig. 1, Plate XCIV, were not removed until — Instead, 


til. just 


the bench. concrete was was important, as other- 


as wise the ‘bond between the old and new concrete would be much im- 
Acs paired by dirt ground into the surface of the old concrete. T be. duets 
were then laid, as shown in Fig. 2, Plate. XCIV. 
The remaining: shutters for the face of the were then 
placed. The remainder of the forms: the refuge niches, RR, in 
Fig. 1, Plate XCIV, w “were nailed i. the shutters, the steel beam over — 


the niche was, laid in place, the forms for the ladders, pe in Fig. 3, 


late XCIV, which o occur every 25 ft. . were tacked to the shutters, the 
hutters and forms were given a coat of creosote oil eit then all was 
ready for placing the bench concrete. 


— 
— 
— 
— 
ao 
— 
| standing on the track, and 
| 
gg 
— 
ii 


straight edge. pines hhours, the bits w were blocked 

bench, and all forms between the bench walls below the 


floor were removed, Al 
‘The centering for the arch concrete consisted of simple 5 5 by 34 by 


steel- -angle arch ribs, curved to the proper radius, spaced, at ft. 


intervals. ‘Each x rib v was made up of two pieces spliced together at the | 


= top. Two men easily handled | one of these | pieces, s. After splicing, the 

rib wi was supported by. four hanger- bolts fastened to the i iron lining as 


shown i in’ Fig. 3, Plate XCIV. 
In the early part of the work, two ‘sdditional bolts ¥ were used aa 

| half way up on the side between the “upper and lower hanger-bolts. It 
soon found that by placing strut between the tunnel lining 

and the crown of the rib, these hanger- bolts could be dispensed with. a 

7 The lagging - was of 3-in. 1. dressed yellow pine, 12 i in. wide, and in 15-ft. 

"lengths. _ Each piece had three saw | cuts on the back, from end to end, 


-_ allowing it to be bent to the | curve e of the arch; it was kept curved by 


7 = iron strap screwed to ‘the back. , The arches were put in, either i in 
15, 30 or 45-ft. lengths, ‘depending on. what was ready for concrete and 
what could be done ‘in one ‘continuous working. — : ‘The rule was that when 


to crown, a space of 18 in. was left. ‘When the lagging 
7 had reached the upper hanger- bolts, ‘they were removed, which left only 
the two bottom bolts ‘fixed the concrete. “Most ¢ of these were un- 
_ serewed from the eye and saved , as tin 1 sleeves were placed around 
them before concreting. Two cast-iron eyes were lost for every 5 ft. 


the and, beginning at one end, pee 2 ft. block lagging 

was Over this, concrete was packed , filling the key as 
"pletely possible. This Ss was done partly by shoveling and using 
short rammer, and partly by | packing with the hands by the workmen, 
= wore rubber gloves for the purpose Another | 2 ft. of lagging was 


‘a 
a 


then placed, and the operation was repeated, : and thus working back- 7 

= 


: 
4 ; 
— | 
— 
q 
| 
a 
. arch length always ended in the middle of a ring. The lagging was : 
placed to a height of about 6 ft. above the bench before any concreting | 
lea! ag was done. When the concrete had been brought up to that point, Jo 
| 
d 
— 
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the flanges of the iron vinings was as practically impossible to fill 
| pocket: ges. To meet meet this dificulty, 


“prov ision was made for grouting any unfilled ‘space, As the concrete — 


was being put in, tin pipes were e placed with ‘their tops nearly touching — 

the i iron lining, and their bottoms resting on the lagging. Each pocket 


vas intended to have two of these pipes, one ) to grout through and ‘the: 


| six apsniagees each side key had eight. " The bottoms of the pipes — 
were held by a single nail driven half way into the lagging. This served. 


7 to keep ‘the ‘pipes in position and to locate them after t the lagging was 


taken down 


"The cost of labor i in ‘the tunne]s directly chargeable to concrete was 


$1.80 80 per cu. . yd. 7 The top charges, exclusive of of the cost of materials 


(cement, sand, and stone), amounted to $3. 92. 


ELEC Conbuirts. 


a one bench wall of each tunnel there were Senn openings for 
power cables and in “the: other, between the river shafts, there were 


Long Island shaft, the e number of the latter was to “twenty- 


four. The telephone « duets were > all of the ° four-way type. ‘The specifi 


openings for telephone, telegraph, and signal cables. East of the 


cations 

less than 34 in, nor more e than 3b i in., » and ths that a after laying ‘they should 

5 in. at the other. 


The outside dimension w was limited hetween 5 5 and 53 in. The openings 


nor 


of: the four- way ducts were required | to be x not less than 3a in., 
more than 38 in., and after laying to pass a 5-ft. ‘mandrel, 34 in. at : 


the leading. end and 24 in. at the other. The outside dimensions 
limited “between, 9 and 9 in. “were to be laid in in. beds 


mortar. The specifications were not definite eas to the shape of the 


opening, | but those used were square with corners rounded to o a radius a 


of in. . The four- were 3 ft. long, and the. ‘singles, 18 in. 


study of the foregoing dimensions show: that the 
limits were narrow. | Such narrow limits would not pay for the ordinary 
conduit line in a street, where there is more room. In the | tunnel 
er ity meant either reducing the of conduits or 
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— ‘aaeiligi on the strength of ‘the concrete tunnel lining. _The sma 


difference of only 4 in. in the size of the mandrel, ora clearance of 


only vs in. on each ‘side, no doubt did ji increase ‘the cost of laying” 


somewhat » though not as much a as might at first be ‘supposed. 
bottom courses were e laid to a string, in ‘practically perfect ea: and 
- grade, and all joints were tested with mandrels which were in n all o open- 


ings, and pulled forward as s each piece of conduit was laid. As the 


workmen | became skillful, the progress was excellent. 
a _ All costs of labor in the tunnel chargeable : to duct laying amounted 


— 


was 


Each joint wrapped when laid, canvas, 


ut before 


oon as all the ducts 


out the middle. of the 
ere laid, the entire bank plastered over wit stiff 


required by was by the contractor to 


on the two sides of the bank of duc cts 1 was: bonded 


-in. steel between the ducts, in hori- 


zontal joints. ends were split into two pieces, 1 in. long, o one 
of which was up the other down. ‘These bonds 
uto the concrete on either | side. _ Where the bond came op | 
7 sers of the duct step, against which the ducts were ache 


for the projecting bond. This was done by 
the rough shutters: for the steps when a 


h wher 
-dove-tailed groove. T his form was made in two pieces, one 


the other more taper outward. the nds 


ir 


aft ere which all ope 


ANA 


s into chambers: were, stopped ed | plugs, 8 in. lon; 


tapering from 3% in. at one end to 23 in. at the other end, and shape 


to the opening tightly. A At first the plugs were paraffined, to 


m sw and the ducts, but were successful, a 


—— 

\ 

| 
| 

4! 

WER 
af 
as 
| 

| 
| 

duets 


obtained. A be 
six saw ‘euts, three horizontal and three vertical, in the larger end, a 
cutting to within about 2 in. of the smaller end. ‘The swelling of the | 
= wood ° was then ta taken up by ‘the § saw cuts sand the s spring 0 of the wood. 
The splicing chambers are at 400-ft. intervals. They are 6 ft. long, 


ft. in. ‘high, with, a width: varying from 3 ft. 2 i in. at the top to 1 ft. 
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By J. A. Am. Soc. OE. 


; To BE PRESENTED Nov EMBER 3p, 1909. | 


When the of the Kansas City Southern Railway to Fort 


: Smith, Ark., was | built ( (in 1898), the track was about } mile from 
7 the nearest point on the bank of the Arkansas River, near Braden, ‘Okla. 
Th) recent years the river has been eroding its south ‘ek at this place, 
‘90 0 that in Tuly, 1908, after the spring rise, it was 330 ft. from the : 
track to the river. In the the fall of that year there were unusual. floods 
which caused the cutting of the bank to continue u until the situation | 
became very threatening, the river being within 180 ft. of the center — 
of the track early in December, and erosion proceeding at a rapid rate. — 
‘On account of topographic conditions it was not advisable to make a 
permanent change i in the location of ‘the track which , for some distance 
in this vicinity, is on ‘the highest ground between ‘the Arkansas and 
- Poteau— —one of its tributaries— -which is a little less than a ‘mile south | 
of the track and nearly ‘parallel to it, 
‘The danger of | a wash- out was averted temporarily by rolling into 
the river large cylindrical bundles of brush, 6 or or 8 ft. in diameter _ 


and from 50 to 150 ft. t. long, one end of each bundle being anchored 


—" —These | papers are a before the date set for presentation and discussion. ; 

_ Correspondence is invited from those who cannot be present at the meeting. and may © 
be sent by mail to the Secretary. Discussion, either oral or written, will be pub-— 
lished in a subsequent number of Proceedings, and, when finally closed, the papers, 

with discussion in full, = be published in Transactions. 
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io the wack be bundles. of brush ‘contained a layer of 


to 
‘sand bags, which brush | ‘the: bank 


les pay ‘while the river was at ‘flood or several 
it ‘seemed that it would probably be necessary | to “move the track 


temporarily, but brushwork equal to the emergency, and lthe 


| river did not approach nearer than 50 ft. to the track. | 


Before the work was completed, preparations were” made 
the 


more dur on w 
the rrence the rise ‘December, 1908. The | 
id system | of brush dikes had been een selected, and and were 


invited contractors, but, on “account ‘the “scarcity, of suitable 


material ond the: threatening condition of the riv ver, no no bids es hed been 


‘received. ‘Tt was arranged, ‘therefore, tc to do the work by Company 
forces ‘the direction of ‘Engineering Department. 


The detailed plans of the “dikes | are shown | on Plate XCV. Each 
dike e consists essentially of a a foundation | of fascines , on which two or 


more ‘stories: or tiers” of mud- cell rafts are built, as shown in the 


longitudinal section and plan, Figs. 1 and 2, Plate XOvV. 


The base of a fascine | is Je of a bottom layer of. poles, from 

to 6 in, in “diameter and from 18 to 30 ft. on wid is a 

a yer 


floor courses from 10 to 12 in, thick, 80 that the 
is divided ‘into a series of cells from 6 to 8 ft. square and from 6 to 
8 ft. deep. length the fascine was made equal to the width 


of the d dike. | The top o of the fascine is a layer of brush, EA 1 ft. thick. 


The brush, i in the walls and the top layer, is placed with the butt ae ot 
outw ard at the ends. of ‘the fascine, 


An anchor of in. poles, about 10 ft. long, built j in n the second 


cross- wall from the up- ‘stream end of ‘the fascine. AR -in. or $-in. 


steel or iron cable (usually second- hand), secured to post or 


WORK 1107 — 
| nk. In this way a wearing surface which the water would not = 
&§ ¢ the bank. In this way a weal ing surfac 
aA cut was made from a line which was afterward found to be near : ae — 
| water mark to a line a few feet above the flood stage, gs & a Piss P 
“4 
| 
| 
— 
— 
| 
: 
) 
a 
piles 
— 
we 
ver urd or fourth fascine 


< RIVER PROTECTION WORK 


by short cables to o ‘one e of the cables which extends to the bank. 
cell is tied at the middle by ¢ a ‘binder, D, ‘made of three strands of 
‘No. 8 annealed wire. This binder is tightened ‘by having its slack 


“wound around 4-in. stake, ‘driven vertically through the center 


“3 The first few fascines are e built 0 on the bank of the riv - er and rolled” 


into the water, until there are e enough a space on which 


faseine « “ be built and from which it can be rolled to the position © 
it is to oceupy in the dike. © The work is continued until a foundation — 
of the required width and has een for the dike, the 
height of the foundation being ‘such t t the upper nates of ‘the 


priate A 


o set ‘each ¢ one a a little down 


one, in form’ an angle of approximately 45° between. 
the thread of the current and the up-s ; 


‘Gig. 2, Plate XCV). 


mud- cell by laying Tows of poles, from 


t. apart, as ‘shown at I 


are also wired to the binders of the e upper course nal: ‘hice, 


te rsection of the pokes a stake, ‘L, from 4 to 6 in. in diameter 


in 
— 


rom iti ti ie, o 


No. 8 annealed v wire e (Fig. 9, Plate. te XOV), i is placed under - the poles 
“each, intersection and passed up along the stake, the “ends of the 
- extending about 1 f ‘ft. above nove the top of of the stake. | Walls 0 


built | 10 or 12 “courses: along the TOWS | poles a 


or 


j up- stream and shore sides of the stakes, the courses being petunia 


lengthwise and | crosswise » of the dike until the walls are as high a as 7 

the stakes. Fig. 8, , Plate XCV, is a cross-section of the mud-cell raft. 

The heights of ‘the walls are regulated so that the finished dike 

at the outer end will be : about 2 ft. lower on the up- -stream_ side, M, ; 

than on t the down- stream 1 side, N, and, at the the shore end of the. dike, the ; 


up-s -stream side, 0, will be about 6 ft. lower than the -down- stream side, 


P, the object being to give the top of the dike a 1 plow- share shape, in 
order to deflect the current as ; much as as poe 


— 
‘4 

crosswise of the dike, and from 6 to 8 2 

2 


if 


Foundation of fi 


dike settles at outer end sothat ~~ 
assumes position indicated by 
dotted lines. Top to slope from - 
4 ‘a top of bank to about 4 ft.above © 


Fi 


~ brush on top of rows of poles — 


ee ae Butt and tip ends of poles 
to overlap from 1 to? ft. 


‘at end to be about 2 ft. 
= ‘lower than down-stream 


_ APPROXIMATE DIMENSIONS 
We OF 3 TIERS OF 
‘MUD-CELL RAFTS 


with 1 ft.of 
top 


ow water 


| Cover of brusl 
~ No.8 annealed w 


up the stakes at 


to overlap from 1to2 ft. 


stream side of dike 


3 
: 
a 
= 
2 
= 


at end to be about 2 ft. 


E-Fioor of poles £to 6diam. Fazer of brash 2 ft 


ae: 
rare 

PLATE xev 
OCTOBER, 1909. 
-LAHMER ON 


f 


* 


4 


K 
SECTIO 


of poles on top of raft bound with twisted 


“Wire bottom pole 
fastened to stake with sheples 


and two ends of wire extend 
~ No.8 annealed wire passing under poles of floor. ‘up around top pole and 


SECTION 
aq 
side-walls 10 to 12 ‘thick. be 


. 
“| AS CONSTRUCTED ON THE ARKANSAS 
FOR THE KANSAS erry, 


‘Gy 


— = 
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A of bru brush, R ft. thick, i is built o over the raft, the brush 
q "being placed ‘approximately parallel to the ‘thread oft the the current, with — 
“its: butt. ends outw at the up- -stream and down-s stream edges of the 
dike. top of the cover, rows of poles, are” laid so as to 
intersect at ‘the vertical stakes, the ends of the hepa which were 
brought up the stakes being tied around the poles at the intersections, 


as in 9, wires es are 


will be bound together. 


Eae ch -mud- ell raft is covered a layer from to 


in. deep, care being taken to Teave the poles exposed at their inter- 


sections. . The wires which ur unite the poles at the bottom and top of ae ts 
raft again n. tightened after the e earth has been. deposited, as the 


weight of the earth will have compressed the brush. OO 


r The e upper mud-cell rafts are built in manner sision to the lower 


one, except that the top of the lower raft is used used as the bottom of the 


The lower mud- cell raft is built to cover as nearly a as practicable the 


The onal and third 
stories a “mud- -eell rafts narrower, the ‘approximate dimensions of 


three stories being shown in ‘Fig. 10, Plate. XOV. The dikes are 


built so that the outer end (usually about 150, ft. ‘dist tant foun the 


“shore connection) will 4 or 5 ft. above water mark, and ‘the 
shore | - either level with the bank or a few feet above high- water | 
mark, The distance ‘clin een the dikes is made as near 500 ft. as” s the 


‘condition of ‘the bai will permit. 


During a rise in the r river, while sediment is sea: carried by the 7 


water, the dikes obstruc uct the flow, and, as the velocity i is | reduced, ‘sand 5 
and mud are deposited in the hollow spaces of the fascines and 


cell rafts. ‘Sedimentation also | takes | place between the dikes, first on 


the ‘Up- near the r river bank, and then on the 


lower ‘mud- 


cell raft, doubt the water: which was the 


dike cutting under its en end, or, perhaps, : also’ by ‘the weight of the ve 
ie 


cing it down into a bed of ae The number of stories of 


oft 


« 


— 
my 
— 
— 
| — 
= 
— 
— 
— 
— 
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Number || "Dike Number ‘Dike 
of stories. || No. | of stories. || No. of stories. No. bed 


«ad 


Three dikes were in process of at a time, and work 


- was continued « on each until two ‘stories of ‘mud- cell rafts were com- 
pleted, 1 when the dike was laid by. La Later 


_ the ~. of the dike at the proper h height 


as required, in ‘order ‘to keep 
7 additional stories were put on. 


‘December flood receded, ‘there were, fortunately, no danger- 


al of tie dikes had been laid by, t but several rises 


to 10 ‘ft. occurred before the completion aol any of the dikes. 


that. it ‘tended to ‘fill, at the lower 


dikes and to collect enough deposi 


1 to add materially to their resistance to 
us floc - Work: w as begun i in the middle of December, 1 190 


and the dikes w ere pr ically completed by the middle of April, 1909, 


a small force was kept on the work until July, in order t 


water in the river rose to an of low- 

“water m mark k during the latter part of May, and remained high for two. 


wh 
weeks. A At ordinary low stage, there are from 16 to 18 ft. of water 
a the deepest 1 part of the channel. . The ¢ dikes, from Dike 2 up stream, 

were submerged. The s south bank, from Dike 3 down stream, was 


= above ‘high water, but Dikes 3 3 ‘to 6, inclusive, w ere under water, except- 

ing ig 5 or 10 ft. at the shore ends. Dikes | 7 and 8 were out of water 

or 


practically their entire lengths. 


“The: action of the dik 8, as a 


7 protection to the bank, was. reassuring, for none of the bank was lost 


except at two places, and there the was inconsiderab 
Tust below Dike a slice of the bank, 6 ft. wide and or 


caved off the day before the crest of ‘the ‘flood was reached, after which 

no trouble was experienced. Between points 50 and 110 a below | the 


1 dikes is given in Table 1, 

Dike 

— 
trom 

7 > 
| 


F CHANNEL IN ARKANSAS RIVER 
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All Surveys reduced to same 
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RIVER PROTECTION WORK [Papers. 
io ‘tle Dike 5, the bank began falling off on on the day the 
_ water: reached its highest stage. A total width of only 8 0 or 10 ft. . was 
lost, but several solid fascines w were -e launched before the c: caving stopped. 
a _ While the river was rising, a strong current w vas deflected around the 
end of each dike, so that it struck the outer half of the next dike down 
- ‘stream. _ A weaker current turned up stream from the dike and flowed — 
_ backward, usually close to the shore, until it struck the next dike up _ 
stream, from which it was deflected and flowed down stream—unti il its 


“energy was: spent—along a path | about midway between the sh 
‘the ‘line along the current had previously gone ream. 
‘At the flood stage the sine action took dieww ina general way. So a 
7 times the back current flowed up stream only half way to the n ext 
dike before it deflected down stream by a direct current, and 


‘more violent eddies were where the stream 
urrents, i 


as not ‘spent before th 
sufcient force bore holes i in it. 


has since been 8, 3, 4, and 5 


Since the water has returned to low stage, sand- bars ha 


along” ‘thi shore between the dikes. These bars 2 a wi 
verse to the stream) of from 20 to 40 


5 ft. above low- water mark, The cells in the dikes are filled a > the 
- same elevation , the. deposit extending 5 or 6 ‘ft. outside the dike, except 


along the outer end and along the outer half of the dike on he 1 up- 


stream side. In nearly every case the deepest water in the ri river 
t beyond the outer end of the dike. a a 


‘There i is no evidence that any cutting has taken place on the north 


side of th the river, opposite the dikes. Erosion continued on the north bank 


Sf of the uy upper end. of the large bar shown on the map, Fig. $. 


: therefore, that the dikes must take care of the south bank until this 

erosion progresses far ar enough down stream to wear off the bar. “The 


south b bank, east of a: a:point sheet. 400 ft. Dike 8, w: was cut off 


much as 75 ft. in places. 
‘The principal damage sustained by the dikes 8 was to their looks. 


— 

— 
| 

shore. The eddies 
he dike and nearer the shore. The eddies 

which were produced 

within 30 or 40 ft—tha 

tmz 
———— ‘It is the writer’s opinion this 
tis the writer’s opinio ike next to the shore, and thi 
— 
VU 

“The 
‘The 


outer + ends ¢ of the the upper rafts of Dikes D and 3 were washed out of | line, 
(0) ) that they hung | over the down- stream sides. of the next lower rafts, but 


the bens anil rafts were not broken apart; and the outer ends of a 


is. sufficient to impair thei ofciency. ‘The ‘portion of the upper raft 
of Dike | 5, between 70 and 100 ft. from the shore connection, was torn Je 
loose washed away, and “will have to be replaced. ‘This is 


only, part that Tost. The ability of the dikes to withstand the force 
ofa flood } has established beyond reasonable doubt. 
Willow vs, to 2 in. in n diameter at the butts, are most desirable 

for ¢ constructing the dikes, but, on account of the lack of this kind of | 

material Ww ithin e easy reach of ‘the work, it was necessary to use oni 
- pine and | hardwood brush. : Willows were cut a1 and tied i in bundles, 10 or 


12 in. in diameter, at Kansas ‘City, and shipped to the site of the — 
work. This supply limited and, before the work was completed, 


was shut off by water in ‘the Missouri River | bottoms. | The p pine and 


hardwood brush could not be tied in bundles and wa was a expensive 


factory g grade of work. total of 18 000° cords of brush and poles 


(loose measurement, except in willows) wa was used in the permanent 


and inconvenient to handle than willows, besides « causing a less sat 


= 
owe work, and the average cost wa was $1. ‘per cord on board ears at the 
* of the work. Less than one- -sixth of the total amount of brush — 


was willows. No charges were assessed for transportation of material 
over er the > Company’ sline. 
- The cost of constructing bananas amounts to $8. 15 per ft. of bank 


protected, counting from the up- -stream connection of Dike E to 


point 400 below the down- -stream connection. of Dike 8. The 


; economy > of this system of work will depend largely on. the cost | << 


the dikes. until such time as they w ill be no longer required 
for the protection « of the vank, which | cost is as yet unknown, . The 
portions which are below water will last a a long time, as far as decay 


7 is ; concerned, but the portions which are are above the sediment collected 


_by the | dikes will ‘See a much shorter life. Data as as to the durability 
a of the ex mond portions s of the dikes will be : awaited with interest. te 
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AMERICAN SOCIETY OF CIVIL ‘ENGINEERS 


: This Society is not responsible, as a body, for the facts and opinions ns advanced 


_inany of its publications. 


To BE NovEMBER 1909. 


New York oin 


_ the world’s shipping, of the problems involved in the construction <7 
the Canal at Panama, and report what, in its ¢ opinion, should be done, 
engineering and financial considerations permitting, to make the Canal 


,* best subserve the needs, for all time to come, of a constantly expanding 


writer, as a of that ¢ ‘committee, has lately had the 


opportunity to study” y many of the very interesting 1g problems brought | 


_ Among these, perhaps | the q question of | ey supply for the locks” 
is one of the most important, on account of the effect it may y have 
on the 1 ultimate | capacity of the Canal, and on its ability to “meet the 


— future requirements s of the service for which it is being built. = a 


sl Originally, when the proposed locks were of considerably smaller 


‘dimensions 1s and the requirements of navigation had, perhaps, ‘not been 


_ estimated to their full magnitude, the available water at the Isthmus 


was considered sufficient for all the needs of, the | proposed waterway; 


—Thess ‘papers are issued the date set for presentation and discussion. 
Correspondence is invited from those who cannot be present at the meeting, and may 
be sent by mail to the Secretary. Discussion, either oral or written, will be pub- 
lished in a subsequent number of Proceedings, and, when finally closed, the papers, 
discussion fa full, be published in Transactions. 
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Y FOR THE LOCK CANAL AT PANAMA 


h the -greatl enlarged under const truction: and the 


‘ought to be stadied : ‘again. ew conditions and with 
regard to ‘the ever inereasing requirements | of navigation. 


the American § society of Civil Engineers ‘the following 


t with the object of criticizing | the plans nc now in execution, | but only 


with the earnest desire of starting among its members a discussion of 
a subject believed to be of great importance to ‘the country 


make this analysis ‘it is to establish some of 


the elements that. en 


THE Lock- ‘CANAL 


It is ; well: known that the adopted plans for the Lock Canal com- 

nt 

. ‘prise a high- level | waterway between Colon and Panama, consisting of: . 


sea- -level section, on the Atlantic from Colon to Gatun, 


-—One set | of twin, three- flight locks, Gatun, a total lift 


88 ft., © connecting the sea-level ‘section with the high- level lake at cen, 

_ ¢—An artificial lake to be formed at a level of 87 ft. above the sea, 

to be “used for the storage ge of water for the locks. In this ‘reservoir, 
to be named “Gatun Lake,” will be dug a channel 45 ft. deep 


long, submerged for ‘the navigation n between the 


sq. miles at high water 100 sq. m 
n 90 islands will be formed by the prt that lake 


through the hills of the Canal Zc one. 


—The Culebra section, | or high-level canal through | the Culebra 
extending from Gamboa on the lake to the Pedro Miguel locks, 
about 7 miles, ‘toward the Pacific side. 


e-—One set of twin-locks Mie uel, with a lift of 32 ft. “i 
f.—One section of canal, about 13 miles long, between 
edro Miguel and Miraflores, at Elevation +55 ft 
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‘1116 WATER SUPPLY FOR THE LOCK CANAL AT PANAMA 


g—A set of twin two- flight locks at Miraflores on the Pacific slope, 

with a maximum ‘lift of 66 ft. Preise, 


.—A. sea-level section from to to deep water the Pacifi 


near Panama; about t ‘miles long. 

total length of the Canal is 50 ‘about 
miles are a sea-level -eanal at t tide water, and about 31 miles are 
at: an elevation of 87 ft. above the sea. The ‘remainder is in locks and 

‘This waterway \ y will have 23 changes of direction, and is to be navi- 


gated by a so as to avoid the v various islands and 


shoals ids will be formed in the lake by the existing hills and by the 


high grounds o on each : a of the route. eo) 


twelve locks are to be operated with the water accumulated 
stored in that artificial lake, from the annual discharge | of all the 
streams emptying into it; that discharge and rainfall being the only a 
sources of water supply for the whole — 
___ It is expected that the depth of water in the lake, under these plans, 
will vary Lead from ais ft. as high water to 40 ft. at low w ater, at the 


draft can be mair 
which are ‘probable in in locality. 


REQUIREMEN 


Pe nal ma, stipulates th: ut: 
“Such canal shall be of sufficient capacity and depth as alk: afford 
_ convenient passage for vessels of the largest tonnage and greatest draft 
now in use, and such as may be reasonably antici ated.” i *.f 
‘The first part. makes very simple to fix 


necessary draft in the canal, far as the largest vessels now 
float are concerned. With such craft as Mauretania, Lusitania, 


tanic, Olympic, ete, requiring: more than 38 ft. this. figure must 


“necessarily be take taken | as the actual al salt- -water dr aft for which the Canal 


shall 2 afford d convenient passage. 
As fos the draft that “may reasonably be a nticipatec ” for 1 the 


| 
2 
i 
| 
ee The purpose of this monograph is to ascertain whether this 40-ft. ; oo 
7 
j 
* 
— 
47 


Papers.) wi T PANAI 1117 


authority; but a study of the water requirements of an international 
waterway having permanent. locks, would not be complete, from the a 
“point of view of true ‘engineering, if due consideration were not t given 


to important part t of ‘the problem, viz, the probable dit 


Their displacement. .. Jo 


Their driving p 082% 


A more detailed analysis of ‘the ratio of increase of marine dimen- 
‘sions in the 1: last 25 years only, will show that, if the same gradual : 
average increase be kept for 30 ) years more, , the eraft afloat at ‘that ; 
time will have dimensions beyond ‘the capacity of even the immense 
A k b buil 
locks now eing built at Panama, - 
a With ‘such precedents and a a further cniilieaaelibins of the enormously 
‘increased facilities , for marine construction now at our command, the 
‘reduction i in the cost of materials, the ever- diminishing ratio weight 


‘methods for ‘their utilization, ‘added to the well -proven necessity of 
| large v units £ for economy in results, it is permissible to admit that the 
wonderful gradual development in marine architectur e, so marked in 
these last few years, will not just now, when all commercial, 
4 iy: 
7 ‘industrial, and physical conditions point to the contrary. 
such the w writer. believes that, in a the not very distant 
1 f 
uture, commerce e will demand, | and obtain, for o our long- distance trade 


the Orient and the South Pacific shores, freight. carriers 


of low superstructure, wide beam and ex extreme draft. Such vessels 


use the Panama Canal, this” waterway, whether sea- -level or 


lock canal, should be meet requirements when the 


5 


he writer, however, will not presume to predetermine here, 


what the of such future vessels will be. For 


the pur purpo es of this paper he will only 2 assume their draft to ~ at 


| 
> 
| 
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fic, | 
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ut —Taking as a basis of com 
onl the period since steam nay 
hed, it will be found t 
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WATER SUPPLY FC FOR THE LOCK CANAL AT ‘PANAMA 
- Teast equal to that of the largest vessels now on the ways, say 39 ft. 


in. in salt water, 0 or 40 ft. 8 in. in] Lake Gatun. ows: 


Clearance for Safe Navigation —In considering the depth of water 
required for the « convenient navigation of a vessel having - such draft, 


th following items must be borne i in mind: 


a—An ocean vessel will draw from 23 to 3% ‘more on hom 


water lake of “the Tock | canal ‘than the For an 


vessel drawing 39 ft. 


Congress has stipulated i ft. as the extra requirement for Gatun Lake. 


b. —In w well- Il-protected harbors and docks, where | the effects | of winds" 


and waves are not felt, a vessel ca can be made to enter a dock with: 


scarcely 1 1 ft. of f water under her deme ; but this demands the g greatest 


like to ‘assume such risks n many a day. 
— 


in a canal to and wave con- 


‘solid bottoms rema = ‘route. To. 
multiple risk, the designers of the locks: very wisely, provided 


a net ‘clearance, which, s a e time of their design, amounted to 
, an “a 4 ft. in the Culebra Cut, where 
o be feared. 


d e one proposed for the Lock- Canal 
n 30 sien s in length and 160 sq. miles in 
area, ‘gales, and storms any waves” of 


the | “waters 
one of ‘the and. at for 1 ft. or more 


— 


at times. If these conditions should happen to cumulate, the total 


fluctuation of the lake level may bs be such as to endanger or interr rrupt 


show th at ‘to permit safe and con- 


venient | transit through the L Lock Canal, a net tt clearance of at least 3 ft. 
in ‘the canal dan and ¢ 6 ih in the e lake i is needed under the keels of 


passing 


st In the Suez Canal, the clearances are restricted as follows: In the narrow channel i 
canal prism proper 4. 86 ft.; ; inthe “ Large Bitter Lake “’ 6.56 ft.; and the canal is incessantly 
_ being deepened to maintain on snetemae as the siecle draft of vessels i increases. 
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WATER SUPPLY FOR THE LOCK CANA sae AT | PANAMA 


—Any reduction of su such clearances: will proportionately 

the risks and dangers of na navigation through the submerged channels 
< Lake Gatun, particularly on the > rocky bottoms and short navigating © 
le above Bohio, on account of the heavy beslenal will frequently 


War, 


anama year can be generally 


divided into t two seasons: 
“ “wet season, ” lasting 7 to 9 months; 


“ary lasting from 3 to5 


On ‘the Atlantic side of the Zone, the “wet! season, 


but, during, the 3 to 5 of in dat 
locality cease almost completely, and then the average discharge of all, 

the streams that can empty into the proposed high- level | lake : at Gatun, 


will rarely exceed 1100 cu. ft. per sec. in 


‘TABLE IN THE FOR ‘THE Year 1908, 


‘This table shows | an actual. dry season of m more than 150, days: 
6 months) ; ; but, , in the ‘computations, a dry s season o! of « only 120 days: 


Empire. | AT CULEBRA. AT CHAGRES. Ar Rro Guanne. Average. 
Months. 


Totals. 


ng the rainfall in district of the 


4 
| 
» | 
af 
ed 
to 
ial — 
in Dry. | wet. | Dry. | wet. | Dry. | wet. | Dry. | Dry. 
95 | 3,09 | 76.26] 5.02 | 79.71 | 4.70 8.48 
95 | 3.99 | 76.26] 5.02 | 4.79 
el or Table 1, showi — 
Zone, has been co 
— 


ission. riations in 


In 1908, of the driest years, discharge at Bobio was as 


follows: 
a. ‘In February, 1 024 « cu. ft. per sec. 


In March, GBB 


averaging only ‘742 cu. . ft. per sec., and it has been calc sulate 
the total available water supply fo r one year in the dries st years, for 
the whole region under discussion may > only about 6000 ¢ cu. ft. 
sec. as the average for such a dry year, 
For some of these figures on hydraulics oe ee: is indebt ed to 
the remarkably complete work of Brig.- -Gen. Henry L. Abbot, on the 
“Probleme of the Panama Canal.” 
Storage of Water. overcome the difficulty « this 


to impou 


n 


of the wet- -season 


above. 


the normal worki 


d 293, 708 0 000 cu. ft. 


helped by 1 000 


ring 100 o or more of water 


aps | better to quote here the exact words of the engineers 
on this important matter to 7 Roosevelt, - 


reported 


rv 17th. 1909. 
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— : ‘Records of observations covering a period of more than 20 years fF ; 
“tee L's give the average annual supply available for Gatun Lake as 8 200 cu. ft. — 
wi, 
— 
| | 
| 
he dry season, the designers of the Lock-Vanal system 
Bares ie Po | store in an artificial reservoir, from the surplus 
harge, a volume of water sufficient for all the 
needs of the Canal during the ensuing dry — 
a _ For this purpose a lake is to be created at Gatun, with an area =| : 
ee q of more than 170 sq. miles, at an elevation of 85 ft. above the sea. Af 
fluctuation of 7 ft. in the level of that lake would sive—during 
ie — dry season—an available lake storage of 2 ft and 5 ft. below 7 
On_a mean area of 160 sa. miles, the volume of water thus stored 
woul 
u. ft. per sec.—the average daily 
| econtributi discharging into the lake 
cigs. [ during the dry season—will be the only supply from which the Lock fF 
Canal is to be | 
for all its need 
It is perh 
toa 
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_ is proposed to fill this lake | (Gatun) during the rainy se season 


Qf feet above its sucmal level, and to « draw it as needed during the io 


season. is computed, that by drawing it 5 feet below normal level, 
which draft would leave 40 feet of water through | Culebra cut, the 


supply i in a a dry year would be sufficient to serve from 30 to 40 lockages 

up and an equal number of lockages down daily. _ Each | lockage might | 

consist of a single large vessel, ora fleet of smaller vessels capable of 

being i in the lock at one time. ‘<4 * | The water supply i in sight is 


so much greater than any ‘need that can be ‘reasonably anticipated 


the best method of securing more water when the time of need arrives 

does not require to be considered 
writer, however, applying to this problem the e same tudy that 


be required it. was a commercial proposition, | believes ‘that, 


under the conditions « existing, g, or possible, at ‘Panama, the volume of 
water: thus stored in the he Take will prove to be for the 
‘demands of the Lock Canal when its service reaches the duty specified 


its | engineers in the words above re quoted. 


To ascertain within the limits of an an | approximate, but safe, esti- 


In a system of locks fed by an storage reservoir, under 


be s sufficient 


- Surface evaporation, 
“fly-off, 
“TIL. Percolation through ‘the bottom and sides of the reservoir, 
Water needed for lockages, 


v. Normal waste, contingent to 


VI ‘Water ‘used hy dro- electric plants, at Gatun and 


va Losses due to leakage at gates and valves, 
Water wasted by maintenance operations, 
— due ¢ to false 1 maneuvers and accidents, 


1 


‘regulating gates, 
te. 
Bo Evaporation. —It is: well known that surface evapora-_ 


tion from water ‘exposed i the open takes place at all times; but those 


en tak 
who had to “economize water in re regions where this 


* Report a Board of Engineers, Feb. 17th, 1909, Document 1458, p. 10. 
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clement is searce, will remember what a persistent consumer ‘evapora 
tion is, and how ‘difficult: it is to measure accurately its activities on a 
large reservoir. 


“The “evaporating pans,” “atmometers,” “evaporimeters,” and other 
instruments of small size that are generally used daily 


- evaporation are, to say the least, , extremely inaccurate, n practice. Any 


number of them distributed at. various stations in : a tersitory covering 


‘many square miles will ‘not show, on a given ¢ day, the 


‘affect the convex, . ead surface of a A lake, or the an 
“fined area of an instrument. od On bright, windy days the dines ma 
ount to 25 or ee in favor of the larger surface because the actic 


riter ow surface on during the “dry. season” very 


m 0.22 to 0.44 in, according to the month, the temperature of the 


erature or the 
and water, the altitude, the barometric conditions, the degree of 


humidity, the prevalence of winds and fogs, the extension of the sur- 


face, and the surrounding locality, it. being at the highest either in 


the hours of calm; increases. es rapidly a as. ‘soon as “tropical 


breezes start, “reaching sometimes as much as 0. 15 ine on very windy, 


In the ine district, on account of the exposed condition of the 

“Zone,” the sir currents re strong quite constant, with breezes 
‘frequently attaining a velocity of from. 8 to 10 and even 82 miles 


Under such conditions, a large bie, with more than 170 sq. miles 


: of warm, shallow \ waters, swept by such breezes, and d exposed to the heat 


of a tropical sun (125° to 130° in t the sun) will ¢ certainly have a very 


high rate of ‘evaporation. And when it it is considered that th the ripples 


formed by the wind o on the surface of such a vast sheet of water will 


- inerease immensely its effective evaporative area, a, it will } be seen that 
the : actual loss on \ the Take can be considerably 1 more than what would 
be shown by instruments of ‘small a1 area. 
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would cover that same territory. is due to the different way in a 
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moisture in the air is very high, evaporation is much ed di 
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It be the tropics, the 
amount of water ‘evaporated | from a lake » by the combined action of the 


‘sun wind, “will _ produce at times, in the hours” of calm, 


dense fogs during which very” little evaporation will” take ce place. 
Though such fogs, of will be more frequent i in the r rainy 


it is well to anticipate at least: total of 200 or 300 hours of them 


during the strictly dry 1 months. This will decrease the total evapors- 
tion by about 8 or 10%; not enough, however, er, to counteract the influ- 
ence. of the wind, leaving average daily loss ‘still above what ‘bie 
‘mental instruments of. small diameter m may show, at various stations, 


as average for Lake Gatun, and nearer te following 


For ‘December. . 0. 10 to 0.15 in, 


. 


cee ee eee 


_ that in Tables 4 and 6 | the actual rainfall on the lake is “deducted for 
each month; and will reduce correspondingly the above apparently ‘high a 


The writer believes that the system of caleulating the evaporation 
the 7 


ona reservoir of v varying by multiplying ‘its area. by 
“average daily evaporation of the whole y« year, , may produce err errors which 
may ay be of enn in some localities, wh¢n only the dry se season is 


II Border —The lowering Lake Gatun’ level 
from ‘high to low water, in every dry season , will uncover ¢ an area of 


‘Under o ordinary conditions, if these “border lands” remain covered 
4 vith the vegetation which usually | gro 


on river ne in the tropics, 


ws 
ca 


and are kept moist, as they will be, by capillarity and by the co constant = 


Papers. ] 
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"fluctuations | of the water's edge, due bal the wind, waves, and other 


causes; this “ as: it is termed in the ‘West, from these moist = 

borders may reach a a considerable amount per day on ‘the 425 miles” 


of shore of that lake, at the temperature which the thermometer will | 


_ After due allowance for drainage, r run-off, ete., es the water evaporated — 


by this atte uncovering of shores and low lands, may be estimated at. 


30 cu. ft. per = 


This, distributed on the lake, will be: 


For the 1st month, 160 sq ‘sq. miles. nee 


.cipally on n the porosity ¢ of th 
seams and d fissures (it any) ‘the depth of ‘the: ite 
locality the ecological co conditions, ete. Tt 


per “measured as a Jowering of water 
Ina large reservoir li like the one proposed : at Gatun, with 1 more than 


200 ‘sq. _ miles of of wetted area, in | a region n showing vewied geolog 


i al 


formations and a basin a natural soil, covered in “part with 


tion i is s possible and q quite probable. 


Unless. the whole 2 200 sq. miles” of that va ey be stripped and 


a 


ne ‘this s probable percolati ion cannot be es estimated in advance, . 


even approximately. Ur Mnless sa uare of ‘hat vast area is made 
impervious" is by artificial means, 


FOC 
authoritatively dismissed d as “a: impost ibili 3? It can only be guessed 


AM 
at now, and <a be ‘ascertained: only af the lake. is filled. -Mean- 
while, the omar of the possibility of an | appreciable a amount t of 


ter by “Seepage cannot t be 


per that | nse ed will remain as s one of the 
most serious tides in a matter upon w whi ich depends the ultimate 


and perhaps ‘the success of the whole Lock-Canal proposition, 


Under the « circumstances, the writer believes that a margin of tied 


ta 
— 
— ie 
— 
— 
“ 
— 
be fe i a natural ground, there is usually quite a loss of water by percolatior 
through its bottom and sides 
— @ 
{ 
| 
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_s to be assumed against such risks, and that it should be duly 
peta . to the ‘importance of the results at issue 

In the absence of experimental data especially applicable to the 
—_ Jake basin, an assumption could be based on the following 


tentative clements: 


a.—Infiltration area of the lake bed over 200 s sq. miles at high waters 
ot water, ft. at high water a and shallower at ‘the 


contourss 


4 on —Top soil covering ‘naturally thicker and n more impervious in the — 
7. teen: parts of the bed than in the higher regions s above Bohio and at 7 
oe d- —Temperature of the stagnant waters in the lake above 90° Fahr. - 
in the shallow parts and about 82° Fahr. in the deeper bottoms; 
—That the foregoing elements are about. compensating, leaving t the 
of water nearly Proportionate to the head, and depending on 


known subsoil conditions; 


_f—That joints, seams, and fissures are gener 


g—That of permanent lakes and springs: in the 
region, strongly indicates either good drainage or ample underground 
communication with water-absorbing substrata. 


4 Under such assumptions, the writer would consider the empiric rule, 
x 0. 01, or 0.01 in. per of a one on which | to 


the ist month... 4750 in. 
Tor many, these figures will a high, and it is hoped that 
prove to be too high; but, without accurate data to the 
- there is no competent authority to declare ney so in a adve 


4 It is altogether a a question of judgment as to the a amount of risk to ee 
taken, 


To prove, these figures are based on elements that 


> 
| 
— 
— 
— 
i 
1 
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2 Canal 


if not convincing: 


“Leaks in in Camacho Reservoir near Empire have made it “ne a 


to draw ‘the water from Elevation 358 to 340 (18 ft.) in order that the 7 
fissures i in the trap rock of the side hills may be filled with clay. It has — 


been | ascertained that the leaks are through the side hills and that the 


dam is isin no way affected.” 


AGE FROM ‘SoME WELL- -Canats.t 


of level, 
‘Chesapeake Canal. 8. 04 in. 


Chenango 
Erie Canal. . 
Morris" Canal. 


Canal 
2.76 
io Ide 10.80 


m the report of ‘the very able engineer in the seepage 


experiments: for the foundations of the dam ‘at Gatun, 1 the ae 


data are also obtained: 


“Some of the rocks (in the Gatun Valley) are of open texture and 


permit the flow of water” (page 127). 
“The principal water- ents medium seems to be the joints and 
seams which cut through the various strata and allow the passage of 


large quantities of water” (page 127). 


“The material has defined joint planes seams through 


which water passes with velocity enough to eased sateen 1 ft. 
to 14 ft. into the opening” (page 165). 


e same authority, a as a result of most interesting and carefully 


made experiments, gives the: seepage flow through the Gatun soils 


experimented upon, and these are collated in ‘Table Bo 


The Canal Record, Vol. I, p. 402. 


— — 
3 a some consi eration, To. LOW ing ava, pul in () 
= 1 in the Isthmian Canal Reports, may be interesung 
a Leaks in_ tl Reservoir (near Empire in the Canal 
7 
: | 
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_. Delaware and 2 
| 
— 
— 
— 
— 
— 


WATER SUPPLY FOR THE CANAL ar PANAMA 1127 


TABLE 3.—SEEPAGE IN Garon: 


Feet per | Inches 
second. per day. 


For: clay on 10 ft. head 
« For soft sandy rock . 
For clay and sand. 
Averaging for the three, 
_ For clay and sand, 84 ft. head 
_ For clay and sand, 8 ft. head 
(The greatest velocity obtained with 34 tests, under 1 
Blue sandy clay, 115.3 head 
_ Blue sandy clay, calculated on 84.5 ft head. 
Stiff blue clay, calculated on 84.5 ft. head... 
t hese ty on ft. head 


"materials “experimented upon are sufficiently permeable to allow more 


usual 


“through the bottom and sides of th that lake will evidently. depend o1 on es 7 


strata and. substrata, thickness, hydraulic gradients, 


+S presence of fissures, ¢ ete., ete. ‘ Many of these elements are now un- 
many are still under investigation; but. the testimony 
taken . on this matter—in connection with the foundations for the locks 


to “prove: the existence in “that locality of substrata through 


The figures* jin Table prove that all the and 


‘whith there i is a slow but regular flow of water toward the sea. a dean! 
Ina a bed of rock or conglomerate formation ‘that geologists 
has been disturbed three times, ‘there might be more than joints and 
seams, perhaps fissures and crevice s, through w hich the impounded 
Jake waters may get egress and slowly flow toward the ocean, as weeahida sell 


In ordinary cases, when dealing with a reservoir having an ample 


supply” ‘to draw from, this n matter \ would not be 


‘important; but in n Gatun Lake, all the inflows during the dry a 


‘amounting to only 0. 25 in. per day, are scarcely enough to” keep 

up with | the evaporation | loss alone. _ Any additional loss becomes a 


direct d draft, from the stored ‘supply and is irremediable until ae 


ons under which 


_ * Report, Isthmian Canal Commission, 1908 134, 
mrt 
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LV .—Water ivNeeded Jor Lockdages.— ihe condlti aye 
Lock Canal is to be operated, according to the proposed | 7 aan 
— 
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5 will be in duplicate, making twelve chambers in all. 


‘Those 0 on one e side are to be used for vessels going: in one aoa 


ances, : s, and will not be porated to use their « own motive power. _ 


No restrictions which would cause se delay to b boats, such as parking, 
= will be 

é 


for ‘the regulation of traffic through 


and k 
é- 
It is understood that no other sources of water supply, than tho 
now planned, are to be 1 used, and t at the two- flight locks at Miraflor 


will ill have no other source of water supply, d during the dry | season, the 


the ¢ tailings from. the Pedro Miguel locks on the lake above. 
If additional reservoirs at Alhajuela or other points in the wale 
_ ment basin are established later, or pumping stations are » installed to- 
rel the lake. from the sea- level sections, | they will modify the condi-— 
tions of the problem. Not having been included in the proposed plans 
estimates, these are not considered in the writer’s 


Theoretical ‘ “Lockage Water” Consumption.—The exact volume yme of 
water needed for one lockage, under any given condition, can be com- 


with accuracy; but, in practice, it will: vary considerably 


the operating circumstances, the working level of the lake, the t tides, , ete. 
The theoretical lockage volume for. the upper three- flight. locks 2 at 


‘Lake Gatun at the 85-ft. . level i is as follows: 
Ga atun upper .. 28.338 ft. lift. ... 3614 908 cu. ft. 


Total volume at normal 85 ft....... 7442 908 cu. ft. x -- 


2% 


a 


ae The locks are to be 110 ft. wide, with the length necessary to | 
— Those at Gatun are to be in flights of three, with an average lift ; 
—— of 284 ft.; those at Pedro M | ] 
These lock 
— 
ia = craft are to be moved in ag out of ocks bv specia li- j 
se 
| 
— 
i 
— a 
— 
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These figures do not include any ‘ “extras” f for the normal » waste 
incidental to the o operation of locks, irregularity of service, leakage . 


gates, valves, ete, nor any correcting coefficient for the larger consump- - 


tion of the “three- flight” Jocks. 


3 If this ‘coefficient be applied for the Gatun locks, the volume fon 


one single passage through the lake, i in one direction, would be: 


8 346 635 u. ft. 


if the intermediate 600- ft. . chambers could be used. at Pedro Miguel 


at every lockage, the volume for « one Lael would be: 


For Gatun Locks, as above. 4518 635 cu. ft. 


ee Pedro Miguel Lock. ... 508 000° 


es one lockage. . 026 635 cu cu. ft. 


But: the 2 508 000 cu. ft. then used by the Pedro Miguel Locks will not 
perry “tailings” enough for the 3 828 000 cu. . ft. needed by the ‘two-- 


flight locks” at Miraflores when these are used fu full, nor even for the 


3062 400 oe: ft. required if they could also be operated with the inter- 
“mediate gates for part of the time. 


Assuming: this, howeve er, to be. obtainable sometimes, the lowest 


- consumption that could then be shown would be ‘me 


For G atun Locks, as. above. . 


Fer Pedro Miguel enough water to 


4518 635 cu ft. 


feed the Miraflores Locks, with these 


working: at ‘intermediate cham- 


= 
. 7581035 eu. ft. 


it may however, that of water can be 
obtained by reducing the © coefficient of the “ three- e-flight locks” and by 
using the Miraflores Jocks at intermediate gates for 75% « of their lock- 
during: the first 3 years of 


eptio 


Papers. 
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time, instead of using the intermediate gates for each craft. 
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n, that favorsble circumstances would ‘permit the Tre- 


“duction of the | lockage coefficient of the Gatun locks to, say, only 1 1. 08, 


“the figure adopted by Gen: Abbot, ‘the lockage weter will | measure: 
For Gatun 3904 100 cu. ft. 


For Pedro Miguel Locks, using the vol- 
ume necessary to operate the Mira- 
flores at 75%... 062 400 


Total for one to Panama.. 6 966 500 cu. ft. 


use aa th weve} 


e intermediate gates, , however, will be objectionable i in 


‘daily practice, on account of the great number o: of safety appliances to 

be used for each craft at each Jock, and ‘the necessity of moving all 

- vessels at extremely slow speed by electric capstans, cables, etc., instead 

of by their own power. — Owing to ‘the diversity of operating conditions 

in these "series of locks, “it is probable ‘that better service will be 


‘obtained if full lockages are taken with several vessels, in 1 fleet at one 


In considering the capacity of ‘the Canal, the average number of 
lockages assumed i is. 20 trips in one ‘direction through one set of locks 
and 20 trips in 1 the 1e other through the other set, with a consumption = 
333 865 400 cu. ft. in 24 hours. It is assumed that any reduction of 
service in one day will be made up on other days. - sf 
‘The drawing of that amount of water from a lake having, say, 160 
sq. miles of surface (the mean area. for the first month), will produce a 
lowering of its level amounting to 0. 900 ‘in. per day. q i ; 


As this daily volume is constant, and | the 3 net area of this lake a 
diminish owing to the lowering of its bard and by the 


1.0285 


200 


gis may also vary” 
— 


— 

— 

ma 4 g 

— 
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somewhat with changes in the mean areas lak taken here in 


Waste of Water Lochages— —With the thr ree 
"different kinds of locks. that will be used in the Lock Canal, viz, the 
eres flight locks of from 283 to 31-ft. lift at one entrance of the lake; 
a 30 to 32- ft. single-lift lock at the other, iewet ty a 35- ft. two- 

flight depending o on it for its water supply, it is easy to : 


the quantity of water consumed by the passing of a certain number - 
vessels, as the following few examples will show: aa 
Let ZL = the net contents of the lock chamber, in cubic feet, 


and B = the displacement | of a a vessel i in the lock, in cubic feet. an 


Ther, i if, at the Gatun Locks, for an ascending vessel, the lock is 


found | empty, the lockage will cost 3 B cubic. feet; if the lock 
i is found full, , the volume of water ° used will be ‘only 4 + B cubic feet, ko ‘4 


showing a possible v variation from single to double. 


é These Gatun Locks ‘(being i in a a flight of three, without lateral reser- 


will not permit advantage being taken of any oceasional favor-_ 
able operating conditions; and, in passing a vessel through them, cir- 
7 cumstances s may even combine to compel an extra waste of water r which | 7 
 eould be avoided if they were “single locks.” 
At ‘the one- flight lock of Pedro Miguel, the water used by vessels. 
7 passing i in train through ¢ one lock § and returning by the other, will be 
ae considerably more than would « otherwise be 1 needed, if said vessels could < 
‘pass ascending a1 and descending, alternately. 
Ih other waterways, great economy “of water could be. obtained i 
‘single. locks like those at Pedro Miguel, y the use of their inter- 
_ mediate | locks and also v when the level of the lake lowers; but i n the 
: ‘Lock Canal, as designed, if such economies were attempted at Pao 
“Miguel, the “tailings” from its locks” would not be sufficient for 
supply of the two-flight. Jocks at Miraflores; additional water to com- 
= plete the consumption o of these wo would have to be furnished, either from _ 
other sources, or direct from Lake Gatun, sae 
This explains why no reductions are made for the e lowering of the 


lake, nor for the use of intermediate gates at Pedro Miguel, in the 


‘The foregoing few examples show how > important the | “normal normal 
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provision must be made. 7 It i is a true that, , by strict regulations, measures 


may be taken to reduce this waste s somewhat, but such a course will ‘pro- 

duce annoying delays and will be | a serious ‘obstacle to : free and rapid 

navigation. In a commercial canal, open to the world’s traffic, it will be 


impracticable to ) regulate transit so as to secure always the best cond 7 

tions for economy of water, and some wi vill have to be e sacrificed in order 

to save time or obtain the | number | of lockages desired. 7 


percent 


Supposing ¢ that by good ‘management and perfect regulation of. the 
passage of vessels, the “lockage. waste” is is reduced to only 6. 66%, 


average daily depression. the lake surface, by this normal waste” { 


wouldbes 
the 1st month, 0.0856 in, 


it might be argued that, by having a smaller number of lockages a 


day, much water: could be saved; but this will reduce accordingly the 


total capacity, of the Canal, bringing it below, the e already too : small 


number of “20 0 lockages a day,” here. assumed. 
writer believes that a g great tonnage will p pees the 
not only f from. nations but own inter-coastal 


‘ecommerce with our Pacific shores: ‘and with the Orient. ‘He believes 
that the Lock Canal in the 1 very immediate future will be insufficient — 
for the demands that ‘will be made. upon it; that m maximum full lock- 


ages with as many vessels crowded in the locks as s safety - will permit, y 


are the conditions for which to look forward. 


If the necessity of saving water does not permit the use of the locks 
whenever and however needed, without i imposing onneying delays and 


regulations, then the system is insufficient and per se inadequate for 


the requirements of ou our commerce, of the navy, and of the world at — 


VI. —Water Used for Hydro- Electric Plants. —The power er needed to 7 
operate the twelve locks; to move vessels “in and out ” of locks by 


& 
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waste” can be, and how it depends on varying conditions against which 
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electric car capstans; to control “mechanically the many a appliances 
posing ‘said plants; and to light the canal, will | vary considerably, ‘ac- 
: cording to the designs adopted, many of : which are still under er study. 
_ It is ‘intended to use about 6 000 hp.; part ¢ of it to be developed - 
Gatun and part at Miraflores. ys is - probable, however, that lack of 
water will suggest set serious alterations in these plans. ‘Mature considera- 
tion of this question will p ~~ the necessity of either. reducing the 
hydro- electric plant and locating it all at Gatun un or using s steam power, 


unless a dam is built at Alhajuela or other places to store more water 
and incidentally produce the power. ss 
so that 3 200 h.p. are to be developed at Gatun, the volume 
water consumed under an average head of 72 ft. will be 533 cu. ft. — - 
The lack of water at Miraflores and the irregularities of head due 
, ete. > will make the production of electricity at that spot very 
nomica I, as water will be from the and 


under such will a of 667 cu. ft. per 
ging the total water used by the hydro-electric plants, for net - 
power only, to 1200. . ft. See. this i is without including the usual 


allow ances for waste. 


For the 1st month, 0. 1392 in. 


With, a dam at this item would disappear from the ‘Lake 
Geen budget, while additional storage "would be secured, without 
‘high- water level lake, a and the corresponding 


oscillations, which are already great at for s safe and 


indli ng of craft in the | in the locks. 


VII.—Losses Due to Leakage at and Valves.—The gates and 


alves in the proposed locks will have dimensions never before attained — 


The steel gates will have leaves more than 80 ft. high and 65 ft. 


| 

i 
} 
— 
— 
\ 
q 
4 
a 
7 _ The resulting lake depressions for each pumping station will be: a Py. 
= 

= 
— 
ks 
nd 
for | q 


“have of of wach eaves, and more. 80 ‘operating 1g valves 
‘perhaps 10 ft i in diameter, with ‘their, ‘corresponding ‘seats — 


4 It will be e almost i impossible, i in | practice, to 


fitted too tightly, could not be operated with the speed that lock ser- 


vice requires, ~The lock gates when new, must be built with a clear- = 


ance of at least 14 in. | in order to allow for future w wear; and it may 


be said that a 1 perfect condition of tightness _ in them could never be 


maintained long, if it is ever attained. 


‘This normal leakage may vary from 8 to 12% of the  lockage water 


under the be best conditions of practical ¢ equipment. _ a —- 


‘Taking only 8%, or 295 eu. ft. per see., the daily depressions pr pro- 


duced on the lake will be: 
For the Ast month, 0. ~— 


e 


he and allowed for. | ‘the x most improved ‘appliances, 


VII: —W ater Wa usted by Maintenance Operations. —The 
amount of “metal work” forming the : active parts of the locks, which 
will be | deus continually in contact with water, will demand, in the 
Zone, incessant repeated cleaning, s scraping, , painting, and 
other special protection against the tropical elements. _ Much of this 
w vork must, necessarily, be done during the dry s season ‘only. yO — _ 
With ‘perhaps more than 30 000 tons of movable loc of 
submerged pipes, , culverts, j joints, cables, chains, safety appliances, ete.; 
with more more than 80 i immense  “by- pass,” | “sluice,” and ‘ “auxiliary” valves ‘- 
with four enormous rolling g gates, bumpers, their operating appliances, 
and submerged tracks, and with miles of masonry walls, it is prudent 
to admit the probability of many compulso a for rn running Fe re 


pairs ‘and for maintenance. In ma any ¢! ases, it will be possible to em: em- 


ploy divers, but in others it will be necessary ry to empty the locks and 


sacrifice the large quantities of water they contain. 


_ Adm iting that, whee possible, all renewals , running rep repairs, rs, flush- 
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will be permitted during the season of scarcity, it seems that an 

allowance of 65 cu. ft. per sec. would be a conservative figure to to cover 


these contingencies. _ To this must be added the a ‘amounts chargeable to 


eee and hydraulic m¢ motors operating « on Lake Gatun, mak- 


= ing ng together about 125 cu. ft. per sec. ‘The. corresponding ng depressions 
on lake will be: 


7 month, 0.0290 in. 


considering these figures it i is well ‘to bear in mind - the 
locks will be forever in con tinual use, with no “long dead ‘seasons’ 


during» which complete overha uling ‘could be. undertaken. may 


ddianad ‘that the locks, being n du plic ate sets, could be emptied at : any 


time f for general ‘overhauling. _ This is true; but the safety appliances 
and towing de devices now arrangetl for “double- track” service, will ‘make 


“single- ‘track operation” "very dangerous, and reduce considerably 


the tonnage « capacity of of ‘the canal, when attempted. 


‘The to be ‘made when often 


‘nos serious accidents in the locks a are anticipated. ‘The j jamming of 
and valves by floating débris; the occasional breaking of a valve iagenenl 

or § gate trunnion; some mishap at the rolling gates; perhaps some 


trouble at the | water- wheels, are the most probable causes of 1 some extra 


constant source danger, and will cause great waste of “water, 

particularly when handling foreign craft with crews not familiar with 


a 
service, and at night in locks of unprecedented 


‘the oscillations of the working level will be at times considerable, and 

th signaling: distances very long. 


Accidents, however, can be predicted, but ‘estimated ; that 
may happen is } now "too well proven by the very serious one of J mn. 


1909, i in the Sault Ste. Marie Lock, when three . vessels were sunk and 


| 
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st — 
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us 1X.—Losses Due to False Maneuvers and Accidents—With the > 
~~ many protective features now under study for these locks, and the — 
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put mission after losing enormous 


To normal contingencies, a margin | of 1 125 cu. per sec. 


is t taken, giving the following lake ‘depressions: 


the one 0.0290 


0.0816“ 


0.0885 « 
“0.0460 « 


‘hat these figures ive will perhaps be admitted, if the 


following data aes ana 


as Tolle 
Ina a a total of 2 007 days of ‘operation i in | the single Poe Lock at St. 


, Mich., there home 1 


Sheaves for cables............. 


Obstructions against miter sills. . 


Grounding on platforms......... 


an 
‘ouling of tow-lines. 


J amming of vessels. 


‘These were only current repairs “during operation. 


In the Poe Lock, ¢ all “necessary’ ” repairs and ovheding of thee 


lock and» machinery are e -alwa ays made every winter when the canal is 
not in service, the foreg oing delays being iii for “ ‘aecident” ‘repairs. 


7 


Tf this is the case = one lock having ee gates and a 20- ft. 


lift, what will be the figures for 12 locks of eee sizes with 30-ft. lifts, 


gates three rger, in continual “use, and performing a duty 


even nder litions extremely more> 


unfavorable? 
* 


— 
— 
— 
— 
— | 
ti ° he P Lock | fb k 
navigation in the Foe Lock on account of brea ages q 
4 
“Can — { breakages, as a 
~ 
— 
20 
— 
| 
— 


_spillways, rolling bumpers, a dams, s, eapstans, and 


towing appliances, not used at all i in the Poe Lock. 


X—Losses at Spillways ar and Regulating Gates—The regulating 


appliances. at the § spillways must be, by construction, extremely strong 


and of ample s size, so as to be able to resist the enormous s discharges es of | 7 


“spillway” at Gatun will be more than 800 ‘ft. Tong, with 21 
silat gates, each 38 ft. wide and with 16 ft. _ of water depth. In or order 


to be operated — easily and quickly, these a active parts cannot be made, a 


in practice, to fit too tightly; hence this source of leakage, being ‘con-— 

For the normal leakage at these extra large regulating 
would spel be good practice to take less than. 200 cu. ft. per sec. for 
conditions that will in the Zone; but, allowing 


tinual, may amount to very considerable figures. 7 


the gradua al lowering of the lake level, and to avoid criticism, 125 cu. ft. 


per "The is taken: the average | loes. 


the month, 0.0290 in. 


: 
—Miscellaneous Losses. —As the lake will control 


call the “streams of 


around, it must | in return ish water, 


or 
A —All the needs of the pule ations indu ustr that locate 


merous: weed 
and 


due to evaporation, 


For all these losses 300 cu. sec. is | assumed, giving the 


depressions: 


the Ast n 


Vi 


— 
— 
— 
— i 
ak 
— 
= 
| 
— 
| 
b.—the co 
the lake; and — 
= 
ble? (0.0615 — 


3 It will be observed that i in 1 the foregoing computations, many of of | the 
figures are debatable, being matters of judgment. That is why such 


lengthy and tedious reasonings have been given order to state te the 
grounds on which these figures are based. If the estimated losses of 
water are too large, any economy realized on on after ‘the car is 


The writer believes that, in of importance, any 


approximation o “poor guess,” ’ and, in in 


consequence, 


_ The remote po possibility that a ihe created at an an enormous expense 


and on 1 which depends the whole Lock- Canal system, ~- not be 


up to its estimated capacity when finished or later, m 
Bes deserves, at least, to be well studied by civil er 


é 


REPLENISHING Water Suppiy. 


The only replenishing supply for Lake ( Gatun—after rain 
‘of a wet season has fallen—i —is, as has been stated, weak it will re receive 


from all the streams that empty into it, pl us whatever 
occasional rain may fall on surface. 


rarely average m 1200 per sec., and this may be 


“ 
considerably less in ‘dry years.” 


In these computations the local precipitation has been considered 
separately, and the corresponding monthly amounts have been credited _ 


to the lake each month, as shown in Tables 4 and 6; the rainfall of 


“1908 ‘is s taken as an example, being the latest available, but by no means 

As the plane of drainage discharge in n tha it Chagres-Gatun - Valley 
| will be raised eT am above i original lev el on an area of 170 sq. miles, 
' season’s inflow corresponding to the drainage of a 

on part of “that area will disappear from the lake? s budget, thus 


“that extent the amount of “dry weather” ’ replenishing 


— 
q Oo invite discussion on € 
— 
— | 
i 
— 
— 
— 7 
inflow, 
— lake could be taken at 1000 cu. ft. per sec. for 
—— all tributaries above the lake | the writer has assumed that a remnant = 3 
— 
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of the rainy season ‘run-off y will overlap into the beginning o of t the dry 


- season and i increase the average of its first month’s flow to about 1500 
~ 


en. ft. per sec. 
‘This will ¢ give a ‘ ‘dry season” ’ average of 1217 ¢ cu. ft. per sec., and 
add to the lake level as follows: 


month, 0. in. 


In dry years” which: occur at -foregoi 


oregoin 
- amounts s will be considerably less after deducting the precipitation on on 
the lake, ete. 


TABLE 2 


DAILY oF THE LAKE 


LEVEL, IN INCHES. 


month, ‘month, 
sq. m. sq.m. m, 


II. 0,006 0.0076 
III. Percolation 0.4450 
Lockage water only (20.)..... 1.0285 
Normal waste for traffic | 0.0978 
Miraflores q | 0.1591 
VII. Leakage at gates and 0.0684 | 0.0782 
‘VIII. Water used for maintenance 0.0316 05 0.0460 
Losses by false maneuvers, etc.. . 028 0.0816 0.0460 
Losses at spillway 0786 | 0. 0.0000 
Miscellaneous losses.......... |) 0. 0696 | 0. | 0.092% 0.1112 


2. 202 
daily inflow, average 1 100 cu. per sec. 0.3466 


Ne per day, in inches... 


Loss of draft per month, in inches, 
rainfall on lake (1908) 


Total loss of « draft in canal duri during o gone Dry Season 
“After in. = 4,74 ft., 4 ft. 
Ly 


9.89 222.48 + 
(year 1908) 160 3.36 = 28.61 


i Net loss by m months, in inches... 


— 
i 
— 
— 
— 
~ 
| 
1.9236 2.4250 2.4915 q 
0.84 | 0.80 0.245 | 1.975 — 
J » 
— 
| 7 — 


Trips), 


TABLE OF One Dry Season’ s OPERATIONS (20 


Srarrn NG WITH ‘Laxe Futt, UP T To + 87- (87-Fr. Marx. 


| Saut-WaTer Drart Lert CANAL (3%). 
| 


Depression. 
clearance. clearance. clearance. 


> 


Beginning of dry season....) 0.00 ft. 
After 30 days 


28.61 


_ The Isthmian Records show many years: of more than 15 150 pdays dry weather. 7 


Table 5 shows that: 


After 60 33 ft. use the canal with safety 


TABLE 6. —LAKE DEPRESSIONS DURING THE — SEASON: For 


RounD TRIPS PS. 


> 
co 
a 
5 
Lar) 
D 
ch 
= = 
— 
© 
oO 
He 
st 
me 


| Datty Depressions, MEASURED IN INCHES. 
FS rhe: | Ist month,| 2d month, | 8d month, | 4th month, | 
160 sq. m. | 140 sq. m. | 120 sq. m.| 100 sq. m. 
Surface 0. 0.2828 «| «(0.2950 | 0.2400 
Border 9.00% 0.0088 0.0105 
Water for lockages only .... ‘ 1.4667 1.7112 2.0544 
Normal waste by lockages .. 0.0978 0.1141 0.1870 
. Hydro-electric plants.......... 0.8182 0.8712 0.4454 
Leakage at gates and valves,........| 0.1564 0.1824 0.2180 
Water used for maintenance.,....... 00,0600 0.0600 0.0900 
Losses by false maneuvers..,........ . 0.0816 | 0.0460 
Losses at 0. 0.0283 00000 | 
‘ Miscellaneous losses..,... 0.0695 «0.0022, | 0.1112 
‘Less daily inflow... 0.2127 | 0.2884 | 0.4895 
depression per day, in inches............ 2.7600 8.0000 8.2000 
Loss of level per month, in inches........... 82.80 90 00 | 98.70 
Credit rainfall 0.80 (0.80 1.80 
Net depression per month 82 50 | | 40 


— | 

— 

— 

— 

45.59 ft. 42.60 ft. 41 ft. ft. 

wae | we | 

° 
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Total loss of level in = & 90 ft., say 6 tt. 


= 20:10 20% 
“ 


7 After 30 days’ operation .... : 


130 


‘TABLE Resuurs NE 30N ’s OPERATIONS (30 RounD © 


Tries), Starting witH Lake Ft + 8t- Fr. “Marx. 


USABLE SALT- ——— Drart LEFT IN CANAL. | 


"Depression. 


‘Be eginning of dry season..... ft. 45.60ft. | 42. co tt. 2 41,60 tt. ft. 7 
After 30 days | | 


|Table 7 ‘shows that: 


60 days, vessels drawing ft. cannot navigate the canal. 


Résumé. 


résumé of all the 1e foregoing computations sh 1own in Table” 4, 
‘for 20 trips a day, 1 with the corresponding results f ne dry season’s 


operations. 


of the Lock Canal 


enev mended, by the construction 


of of th St discussion, it is not idle 


4 to “ascertain now | whether the vis ible s supply of water er above the lake 


For: that purpose and 


re _ They show that, sate additional 1 e built and a double service 
attempted, the consumption wou lower the and leay 


7 
| 
4 
j 
After the first month of operation, the contemplated 40-ft. depth of 
W 
— 
| 
ing 
) 
» 
_ 


= 


while that rate was kept ‘up, un 
pumping the water back 
a) 


an onerous: and perpetual expense. 


construction ne 


only | a 19-ft. 


is is admitted, of even this small rate will not 
‘reached during ‘the f first years of ‘operation; 5 but | the Canal is is to a. 


> requirements: of commerce will be, i in years to come, 


is beyond an eng 1 tion; history, however, sh 
“ways of communication created by man have. had to be enlarged, 


the he ever-i -increasing requirements of successive 


not be if enlarged, account of me of s mere lack of lack: of the neces- 
water. 
Ina sea- -level ¢ , fed at each e end by the ocean, this asia of 


anal 
water supply i com mplet tely forever climinated. 


B, for 20 0 trips, tend to prove 


the men- -of-w “war of the navy drawing more t more than 33 t. cannot 


— account of lack of depth. 
ang 
ise the canal, on account of ack of depth. 
2.—That after 90 days” of dry season, all naval vessels, 


and craft drawing more ‘than 28 ft. could net navigate: Take ¢ 

3.—1 hat after 120 days, , no vessel drawing more aaliaie 

use the canal. 


It. may be argued that only the large transatlantic transports 


ore than 37 ‘ft. he and that they will probably never cTOss- the 7 


me 
Isthmus. ‘They are, nev ertheless, now afloat; and ‘other ‘semi- 


are now being completed that will draw 4 ft. on Lake Gatun. 


-* case of war, these and the largest transports y 


= 


—— 
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draft. This would make it impossible to use the canal 
— 
imping and re-_ 
— =the tables prove aiso that the LOCK VUanal 
insufficiency of water, is forever limited to les 
— taken as a basis in this study, on account of the resulting reduction $f | 
— 
— 
The. Tonk oc now hoing hujlt pan nover he oanlargad ag if | 
4 
— = 
— 
ee possible requirements of navigation in the future, for its water supply, — 
being unlimited, need never be considered. 
Tables 4 and 
1—That after 60 waatho veccale now aflogt 
>. 
ne 
can 
— 
Ss 
— vull De the very 


| 
| 
| 


1.—That the for the be 


- insufficient and inadequate for the most important, ‘service for which 


‘the Canal i is being built: the use of the United States Navy. _ ie 


8. —That this insufficiency ¢ of water lim 


for a larger service, and thus makes ‘impossible any enlarge- 


ment of the Lock ‘Canal in the future, 
_ 4.—That under t the ‘present plans the 40- ft. draft expected to be 
obtained i in the « canal ¢ cannot be ‘maintained. 
th closing this paper, the writer is aware of the fact that ‘arguments 
and figures may be produced i in ‘its s discussion which may apparently 


 8—That all the | available water ‘supply above Lake Gatun ‘is “not 


; ‘prove that his ‘conclusions are are e not justified, but he wishes t to record — 
; here his opinion that unless the ex existing supply of water i is augmented 


by the construction of additional reservoirs and | pumping stations, not : 


ealled for by the present plans, the Lock Canal be operated on on 
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impressed for the service. If they cannot pass the Isthmus ex- 
cept at the end of the rainy season, an enemy could very well choose i 
a the proper time to strike us when the Lock Canal is inca acitated by 7 ae 
mere lack of water in Lake Gatun. 
r 
| — 
“of the tring a dow 
q 
— 
— 
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PAPERS AND DISCUSSIONS. 


'g This Society is. is not responsible, | as a body, for the facts 4 and opi ns advanced 


in any of its publications. 

THE PURIFICATION OF THE WATER SUPPLY 


Discussion.* 
over 


By Messrs. H. V. Hincktey, AN 


—about one-fourth of that ordinarily required f for a slow sand filter 

plant of equal capacity,” ‘and mentions on page -660,t “ the very high 

(of the slow filters. Mi he gives t the 

~The 


sand is 3 000 000 per acre per er day. “Its seems, 
that, as operated, the Steelton slow filters fail to realize four r times — 
the ‘speed of ‘successful operation of sand “filters elsewhere. 
Possibly the ‘author’ 8 meaning is that the pre- -filtered water at Steelton 

can be put through the slow filters four times as fast as ‘the raw 
water. Tt would be instructive if the author would clear up this point. 

It would also be interesting to know whether there was any reason, 7 


other than cost, for the use of coal in place c of sand in the roughing © 


Copeland. R. ‘CopELAND, Assoc. Am. Soc. C. (by letter).—There 
are several features of the Steelton filters which will attract the atten- 
tion of those in charge > of ‘the operation of such ‘plants, one being 


the fact that the works have been run without the supervision of supervision of a 


— 


ea a 


_ #* This discussion (of the _— by James H. Fuertes, M. Am. Soc. C. E., printed i in Pro 

.—— for August, 1909, and presented at the meeting of October 6th, 1909), is printed in 

Proceedings in order that the views canines may be — before all members| = 
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chemist. It seems remarkable that such river 
ez can be handled without the constant supervision on of a technically 

trained chemist, and it can only be explained by the fact that Mr. 

-Fuertes, aided by a corps « of technically trained men, bacteriologists, 

chemists, and engineers, made a most thorough study of the water at 

‘Harrisburg only | a few and that the filter plant at Harrisburg 


has ; enabled him to to study still further the e conditions which prevail at 


all seasons of the year, 


_ The history of this situation teaches a most important lesson, 
namely, | the value of thorough preliminary study. if it had not been 
for the experiments at Harrisburg, , it is probable that the Steelton plant 
would not have been constructed to the present design, 
it is doubtful whether i it would have been possible to operate i it, 4 at least 


for some years, on the present economical basis. 


Table 4 shows that the plant treats a water shaving a an average 
turbidity of about 300 parts per million, by using an average of 0: nly 
a grain | of coagulant per gallon—a quantity hardly more than half as _ 
much as that used to treat the turbid Ohio and Mississippi waters when > 


they carry equal amounts of turbidity. 
The economical application of « coagulant ‘was made possible, a and 
was controlled to a great extent, by ; the fact that Mr. Fuertes, having © 
at hand the data secured at Tinssisbuew, peisened the diagram, Fig. 5,* 

_ showing the proper relation between the turbidity of the river water 
and the number of ¢ grains ‘of coagulant required. | This diagram presents. y 
the rather unexpected feature that less coagulant is required 
given turbidity when the river is rising than when it is falling. The 
author explains this: by 1 the e fact that the particles ‘which form the 
turbidity in a rising ‘flood are coarser than those in. a falling flood, 7 
and ‘settle out ‘more rapidly; moreover, high numbers of bacteria a 
often found in water of low turbidity, thus requiring y extra coagulant. — 
It is stated that the river sometimes carries a natural coagulant, 
and to this’ fact, in large “degree, is attributed the economical use of 
alum. The writer’s experience with the Allegheny, Monongahela, and 
other waters of Western Pennsylvania which carry mine drainage, is 
that 1 the first flood run-off sweeps large volumes of the acid mine waters 
into the rivers, or out of the pools i in the tributaries, and into the main 
thereby adding the ig” and 
‘points out, the alkalies precipitate the iron salts in ‘fluffy which 
‘absorb and precipitate the mud, clay, bacteria, etc., carried by a 
storm- -waters from the hills and fields. potent are these iron salts 
* clarifiers that the usually turbid Allegheny has been made as clear 
as erystal 1 for 40 n miles, and the bacteria have been reduced from 5 000 


or 6000 per cu. em. to 2 per cu. cm. - Moreover, the acid mine waters 
* Proceedings, Am. Soc. C. E., for August, 1909. 
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Mr. Copeland. have such a poisonous effect on organic life that they kill thousands 


porn 


These conditions are often accompanied by another a fea- 


acid water enters, pa are marked by clumps of brown hydrate > whirling 
around in spots about the size of a bushel basket. bt of 7 


The acid ‘carried by ‘the water at ‘such times neutralizes the lime 
a in the rivers to the extent of rendering the water acid. The 
writer once saw a band of Italian laborers driven out of the Kiski- 
‘minitas, where they had been putting up a bridge pier, by the acid 
mine drainage sw ept out of the Loyalhanna by a thunderstorm. aoe 
As the coal mines are being” extended every” day, it behooves 
engineers who are planning water purification works along streams 
in mining districts to provide ‘means f for adding extra alkalies, if need 
be, to neutralize the acid mine wastes. 
Mr. Fuertes has made s such provision at Steelton, and attention is 
called to the large drain pipes 3 under the lime tanks, Large drains are 
very necessary wherever lime solutions are to be made, and plenty of 
blow-offs should also be provided. | The lime solutions do not corrode 
iron, but form erystals of carbonate, which, accompanied by the i in- 
soluble sludge, in the course of time, will clog the pipes. nt lead Aid 
While discusssing the subject of -coagulants: it should be noted that: 
plans have been made to reduce the turbidity of the effluent from the 
roughing filters to less than 25 parts” per million. 
E ngineers in charge of the operation of filter plants have been learning 
for years that the secret. of securing a good effluent from a slow sand 
‘filter lies in a thorough preliminary treatment. cleaner and purer 
the raw water, the longer the slow filters will run. Ten years ago it 
was said that a slow sand filter could handle water having a turbidity — 
of | 50 parts per million—that is a fact, but it ean do so only for a 
: short time and at rates of filtration of less than 3 000 000 ) gal. per 


Inventors have spent thousands of dollars have tested almost 
every kind of material, from the filamentous sponge clippings and felts 
nade of asbestos or wood fibers, to coke, gravel, slag, etc., but, for 
‘the most part, all have proved failures. ~The reason is ule. One 
-eannot clean such beds without taking them apart, a a process which is 
laborious, slow, and expensive. Unless this is done ‘the beds become 
clogged so that the water is. forced to rush through in constricted areas, _ 
at the same time scouring out part or all of the mud which was 
deposited i in the bed ‘during an earlier part of the run i. 
Mr. Fuertes has taken this matter into careful 
built his filters out of particles” which have an thet the 


a hese grains are so small and — that the 


— 
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— are nothing more than the flood-waters clarified by the precipitation | 
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currents of wash-wat water applied will suspend every grain and acne it Mr. Copeland. 


Unless the roughing filter will reduce the turbidity ty of "the applied 
water to 25 p parts } per or million, it is essential to add a a coagulant. _ Where 
= and i iron are re added, ; the best results can be obtained by applying 
as near together as possible, so that the lime is brought into 
“contact with the iron 1 while the former is in the condition of caustic 
lime (CaO) and not as the m mono- or bi- -carbonate of lime. ae, 
eR incage! the water is first subjected to chemical treatment, for the 
“purpose of ‘ ‘softening,” the lime added will 
nesium in flocculent masses, and these floes make most excellent coagu- 
lant. In fact, the preliminary - treatment at water- -softening 
often remove from m 7 75 to 80% the e suspended matter : and 90% 
of the bacteria by sedimentation. The slogan ¢ of an efficient preliminary © 
treatment, therefore, must be: Reduce the turbidity of the raw ei 


to 25 parts per million and the bacteria to less than 200 ] per cu. em cm. a 


James EL Esq. *_This paper contains an unusually clear Mr. Little. 
_ complete statement of the conditions existing at Steelton and the 
_methods being followe ad to ‘secure a pure water supply. As might be | 
- expected, the citizens of the borough are justly proud of the good show- 

ing the filter plant i ‘is making, and feel that they owe no small — 


of gratitude to its able designer, who has’ spared no effort to make this 
Plant a success, 

In order to corroborate the author’s statements, and as a supplement 
_to the paper, some additional data concerning the operation of the ne plant | 
during its first year are submitted. 
The plant has" far better than was expected in the matter 

of cost of operation, without any sacrifice in efficiency. No material — 


“novelty of the design is considered. At present sufficient requees dl 
equipment is being purchased to enable the superintendent. ‘to make 
acteriological and microscopic determinations, after which a 


examination of the water will be made. 


| form of graphical report of the operations ha has been on devised, which 
ig made up monthly on thin paper. ‘Blue prints from + this 3 report are are 
sent to the various officers of the ‘borough who are interested in the 7 
operation of the plant. These, v when properly pasted together, form a 
continuous graphical report which has been found of considerable value 
in comparing operations at different periods. The daily averages of 
height of river, turbidity of raw water, quantity of chemical in, _ 
gallons of water filtered, and gallons of water used in 1 washing pre- aa 
filters are plotted to ‘convenient scales, and the monthly averages 
- given in every case. The reports of the bacteriological analyses are 


iter Commissioners, § Steelton, Pa. 
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8 DISCUSSION: WATER -PURIF ICATION | AT STEELTON, PA PAL [Paper 
The average condition represented by this sane which covers the 
see from J anuary to September, 1909, inclusive, is as follows: aa 
Height of river above low- water mark, in feet. . (3.38 
Turbidity of raw water, in parts per million. . . & 50 
Chemical dose, in grains of alum per gallon. 0.287 
Water filtered daily, in gallons........... 2 092 000 
‘Water daily washin g preliminary 


Lor 


latter’ figure indicates that the length of the average run of 
each filter during this period was. approximately 24 hours, as 13560 gal. 
are required for each washing. 
a _ As stated by Mr. Fuertes, no alum was used until | January 9th. 
From this date until May 15th the dosing was continued in varying 
proportions, « except on nine days. From May 15th to the end of : 
‘September no alum has been used, except on six days in June. “The 
‘average dose of alum for a full year’ s operation was 0.157, grain per 
gal. This is considerably less than the quantity noted earlier in the 


year and quoted by the is however, that further 


water are possible. 
The efficiency of operatio 
removal bacteria— each month | wh 


April 


97.91 


These figures are not as reliable as they might “have been, as 


“ins were made only c once a —_ they give a good idea of 
the results obtained. After all, a h 
health officer gives the best idea the filtration efficiency. During 
the first year of operation not a single case of typhoid fever was 
which is an unusual record for Steelton. Unfortunately, 
during | the past few days, some cases have developed, but most of these 
are readily traceable to outside causes. A Labor Day picnic on 
nearby island, when raw river water was used for drinking purposes, 


is undoubtedly responsible for four cases. ; 
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DISCUSSION : “WATER PURIFTOATION STEEL TON, 


‘During certain periods of the year, when flood conditions obtain, m Mr. Little. 
the character of the water has to be watched very carefully. * notable | 
instance of the suddenness of changes is recorded for January 26th 
and 27th, when the turbidity increased from 25 to 1500 parts per 
million in less than 7 hours. such times it has 

to regulate the chemical dose so as_ to ‘produce an effluent from the 

roughing filters ; as nearly constant in character as possible, rather than oT 

_ follow the ordinary rules. Two charts have been prepared, showing the 
_ details of operation from April 15th to 19th and May 1st to 5th, which 
illustrate the necessity for this. In each | case the increase in turbidity — 
was accompanied by a change in the character of the water, the high 
turbidity being caused by yellow clay having a coefficient of fineness of 
less than one. This was not handled with entire success the first time, bs 

but a record of the second period shows that there is no serious’ ‘diffi- aa 

eulty in removing the turbidity entirely from such troublesome water 

ins preliminary filters and producing an effluent which will vary but — 
little from zero. In fact, it has been demonstrated d that an actual zero 

effluent can be maintained, if proper care is 

Regarding the cost of filtration at Steelton : | Unfortunately, the 
accounts are not kept i in such a | manner as” to ‘permit making ‘a com- 
parison of the details of costs with those estimated by the designer. 

The following statement of totals, however, will give an indication 
of the results obtained. _ The cost of operation given includes every- 
eould be legitimately charged to this account, namely, 
superintendence and professional service regular labor and attendance, 
extra labor, analysis, chemicals, light, heat, power, insurance, repairs, — 

4 and minor improvements. In order to make a comparison with the 
designer’s” estimate, the cost of operation. has been estimated on the 
basis of 3 000 000 gal. daily, by adding the cost of additional chemicals _ 7 
and power required, and by adding proportionally to the e charge for —_ 
‘scraping the slow sand filters. It is believed that all other “charges 
would be unchanged by an increased output. 


ostper 
Total 
operating gallons ing 3000000. 
 eost. filtered. gal. per day. 
“Sept. 12th, 1908, to Feb. 28th, 1909 $1 477.65 $4.505 "92. 80 
‘Mar. Ist, to Aug. 31st, 1909 1597.06 4.232 3.027 


of water used @ $10 
The slow sand filters have been scraped only once during the year. re 
‘The cost of this scraping was $50.41, which is at the rate of $0. 068 
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PAPERS AND DISCUSSIONS 


— TRACTION OF FREIGHT TRAINS AT 
DIF FE SPEEDS. 


_Discussion.* 


A. Dennis, M. Am. Soc. C. 


Dennis, M. Am. Soc. ©. E. (by letter) —The following 
formula was determined by the writer after considerable ex oaamaari 
with freight trains consisting of box cars of variable loading: © 


R= 


i in which R= om Resistance, in pounds, for box cars on a level 


_ Ww = Gross weight, in short to: tons, of the train hed the 


tender, 
Number of cars in train. 


Both factors vary with the class” of track, rolling stock, weather, 
and many other minor influences, but have remained 
for all test trains run by the writer. 

‘This resistance may | be considered as doubled for but 


stant for all practical purposes s after a train is in motion. Speed, wind, 


and Sapa have little effect. _ the increased journal resistance 
which occurs when a train stands for some time is very greatly 
increased by extreme cold. 
it is believed that ultimately freight train resistance formulas for = 
practical rating will take the above simple form, the coefficients 


applicable being determined by experiment. 


: _ * This discussion (of the paper by Clinton S. Bissell, M. Am. Soc. C. E., printed in Pro- 
cc0edings for September, 1909, and not presented at any meeting), is printed i in Proceedings i in 
i _ order that the views expressed may be brought before all members for further discussion. - 
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DISCUSSIONS 
This Society is n ‘responsible, as a body, for the facts and advanced 
any of its publications. 


J 


E USE AND CARE OF THE CURRENT } “METER, 
PRACTICED BY THE UNITED STATES 
GEOLOGICAL SURVEY. 
Discussion.* 


By Messrs. Arruur H. DIAMANT, EO. Mur JRE 


np H. <. Bannows. 


Arrnur H. Diamant, Assoc. M. Am. Soc. E. (by letter).—Too mr. Diamant, 
cannot be written on the value of meter gauging | work, 


Mr. Hoyt i is to be commended for this paper. The writer has 
n charge of gauging the New Croton Aqueduct of New York City ¥ 
ie the past seven years, and thinks that a description « of the gauging 
4 station and the method of making the gaugings may be of interest. 
7a The station is located at Dunwoodie, | se - and is a circular shaft 


a _ tapering from 13.5 ft. in diameter at the aqueduct ' to 6 


ft. in diameter 


at the surface of the ground, , with a height above ‘the crown of about 


10 ft. A portable: frame house is placed over the opening for the 
protection of the observers. 


= 


A bronze plate or limb, g — and graduated as shown on Plate 
XCVI is fastened to the side, and a revolving sleeve i is attached near the - 
top of | the shaft for the purpose of holding and gu iding the meter rod. 
‘This rod is a brass | tube, 1ys in. in outside diameter. be Iti is fitted with | 
‘collars ; and lugs, spaced a as indicated on the drawing, and lettered to 
correspond with the grooves on the graduated limb. The area of cross- 
section of the aqueduct has been divided into areas of 1 sq. ft. each, 
and the evolving sleeve a: and graduated | limb have been de designed and 
placed so that the position of the meter is exactly known in 1 each square 


_ *This discussion (of the paper by John C. Hoyt, M. Am. Soc. C. E., printed in Pro-— 
ceedings for August, 1909, and presented at the meeting of September 15th, 1909, is printed — 


in Proceedings in order that the views expressed may be brought —! all members for 
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iscusston: USE AND CARE OF CURRENT METER “Papers. 


Mr. rN . foot of wet area. . Plate XOVI shows a detail of the bronze plate, the rod — 
; : and collars, the revolvi ing sleeve, and also a general view of the gauging 
station with the limb in place and the meter in the first position. To 
prevent 1 the rod from being bent down stream, a guide line (a cod- fish . 
line) was attached about 1 ft. ‘the meter, the other end 
fastened to a pole lying across a platform: erected near the crown of 
the aqueduct for the men holding the meter r rod in position 
The current meter used is a Fteley and Stearns instrument, 
wheel being 4 in. in diameter. ‘During the past year a heavier instru- 
ment was used, the wheel being 5 in. in diameter. _ Before the writer a 


took charge, the observations were read on dials geared to the wheel, 


4 


mended that an electrical device be was 
accordingly done, thereby cutting” down the time of gauging the = 
aqueduct to one-half. A ‘small cam attached to ‘the recording wheel 
strikes a brass spring at every revolution of the vane wheel, thus making 
and breaking the electrical circuit for each revolution of the meter. 

An automatic counter recorded the revolutions when more than 100, 
per min., but for less than that number a sounder was” thrown into 


the circuit, and the were actually counted. trouble 


Sea, Mass. As this occasioned much delay, a ye station was » 
_ built at Dunwoodie, N. Y., on the writer’s recommendation. A paved 
blow- -off channel, 20° ft. wide and 600 ft. or more long, had been built in| 
. connection with ‘the aqueduct, and, being in a valley, made an ideal 
place for the station. r This consists of a timber dam with gates, for 
the ‘purpose of flooding the channel to a depth of from 4 to 5 ft, a 
wooden platform 180 ft. long, -earrying: the track, an nd a car for holding 
the meter and rod . Fig. 1, Plate XCVII, shows the car, the current 
‘meter and rods, the electrical recorder and sounder, and the automatic 
switch which throws the recording mechanism i in and out of the circuit. ; 
Fig. Q, Plate XCVII, shows the method of making the r rating. ‘Sar 
For a rating, the length of the course used was 150 ft., and abot nd about — 
50 observations were taken v varying from : about 0.5 to 8 ft. pipet) The 
car was pushed forward and backward over the course, to counteract 
possible current. It “was s found that the friction increased 
“rapidly for velocities 1 less than 0.5 per sec. that the rate curve 
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“ule Glial plave I and OuL OL geal DY Springs | 
— tt This method caused much loss of time, as the spring did not work 
satisfactorily when the meter was under 5 ft. of water, with a velocity 
“a Bie i - : of 2 or 3 ft. per sec., and as the meter had to be drawn out of the 
< tm water after each observation. Very often the meter still recorded on 
— being pulled up, thus spoiling the observation. 
| 
— 
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electrical recorder ‘would ‘not count The of 
> observations was | identical with that described by Mr. Hoyt. an 
‘The writer found that the ratings varied but little, , and that for this 
- Fteley meter, the rate curve was a . straight line between the velocities, 
’ 2 and 8 ft. per sec., but for velocities of less than 1.2 ft. per sec. it 
was a _ hyperbola. “Accordingly, in calculating the rate equation, he 
used the formulas b + na a=} for the straight line, and 
aye+bs3xe2—Sary for the curved part, where x = the velocity, in 
feet ‘per y = — the number of per second. ‘The 
: observations were also plotted curve was drawn, 


elosel the calculated curve. 


- those who measure the discharge of streams or who consult the stream- 
gauging data of the Water Resources Branch of the United States 


‘The work being done by the « engineers of this Branch, to ) simplify 
‘the current meter and to adapt it to the measurement of stream dis- 
charge, is certainly commendable, and comparison of 
instruments with those used in other countries cannot 


is The author’ s —, cut description of the small Price meter and its 

very good. 
= The writer is specially sales in the data o: of Table 3, es 

percentage of deviation of ratings of nine current meters b> 


in the way it w as held w hen vated, ‘therefore a table showing the per-— 
centage of deviation of -yating of ‘a meter under various’ conditions 
which can be described 1 accurately with a rating under | standard condi- 
tions” would be valuable. With the data of such comparative 
ratings, an _estimate can be made. of the error to conditions not 
“being standard. "i The writer suggests that the meter be rated under a 
‘ the following conditions: 
1—With dull po point, 
one or more cups 
3. —With ‘meter not well oiled, “a eo 


ers. JSSION : USE A — 
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: a + tion and when operated in exactly the same way. In measuring the dis- 
| ossible to have the current meter 
i. _ charge of a stream, it is not always possible to have the current meter ‘ i; 4 
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SCUSSION : USE AND CARE METER (Papers. 


6.—With « cups close to bottom of 

4, —With | cups close to water surface, ae 
—With ‘meter tipped upward or r downward, 
With meter held with a rod not free to tip, 

10. —With meter held with a rod free to tip. aa 


‘The e effect, of a 1 Pitot tube on the velocity of the wi water near — 
bottom of a channel has recently been observed by the writer in th in the 
U. S. Geological Survey Débris Investigation Laboratory. The channel 
was a trough with glass sides, | carrying mixtures s of water and sand. 
‘Although the part of the Pitot in the water had a width of less than 


% in. as it approached the sand | bed, the sand scoured from under » it 


leaving : a space ‘between the lower end of the Pitot of from 4 to. 4 in., 
depending» on the velocity. Ifa velocity- -measuring instrument acts 
thus on the bed of a stream, the bed re-acts on the instrument and 


may affect, its rating. 


M. Am. Soc. C. —Several interesting questions 


b been suggested _ by this discussion. As far as the ‘speaker knows, 
the rating” of current meters running water has never been 
attempted. While this experiment would interesting, from a 
‘scientific viewpoint, it. hardly seems necessary in a practical way, and 


the: rating made in water is to 


with the over weirs, have been ‘made 
a ‘sufficient number | of cases to establish the substantial | ae of 
the current meter when rated as described in this paper. raat. 


_ More investigation along the lines of practical hydraulics i is needed, 


both in in the use and improvement of such instruments as the — 
meter and in the derivation of ‘suitable coefficients in other methods» 
the discharge of stored water from lakes and ponds, little or no in- 
formation is available on which to base the discharge under different 


a conditions. ' ‘To some extent the engineers of the United are Geologi- 


limited funds available stream is ‘obvious. little. 
or no experimental work is possible. The speaker would - urge ‘more 
practical investigations — on a full-sized scale by the universities and 


colleges equipped for hydraulic work, and the prompt p publication of 


- The matter of coefficients for reducing surface velocity to the mean 
velocity i in the: vertical, | as discussed by Mr. Grunsky, is important, as 


only surface velocities jong ay obtained, a considerable p of 
the total yearly run-off occurs, and and errors in flood ‘Measurement may 


of estimating discharge. For « example, in the use of gates to allow : 
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have serious results i in the estimation of the quantity of water avail- Mr Mr. Barrows, 


‘studied by ‘the: Ss. Geological ‘Survey, and for which s satisfactory. 
_methods and coefficients have already been ‘derived. With the limited 
appropriation for carrying on the work , however, and the uncertainty 
of the continuation | of even this amount from one ‘year to the next, 
‘it is not possible to maintain a full corps of competent men to. carry 
on fi field work, so that some errors in results must be expected under — 
present conditions. Ifa suitable appropriation were insured, extending 
over a period of at least ten years, many | of the present sources of error 
could be avoided, and the work of stream gauging could be carried on 
continuously, i and comprehensive way that it should be. 
current 
meter ‘under such ee. as are met in head- -bays, tail- -races, ete, 
where the conditions of flow are governed by the manner in which water 
is being used, and may vary greatly during | short intervals of time. — 
The usual methods for the determination of mean ‘velocity by cusrent 

meter are not applicable, and, in general, the multiple-point or vertical- 

- eurve method is the only one which will give good results. The failure | 
of the Price ‘meter t to give correct, velocities where there are many — 
cross-currents and much “boiling” must also be kept in mind, and a - 
suitable section, reasonably free from such conditions, must be oe 


for the observations. : 
The “two- tenths-and- eight- tenths-depth method,” for the determina- 
tion of the mean velocity i - the vertical, has come to be the standard, — 
both for open water and for ice cover. This has been of especial 
_ interest to the speaker, as it was first suggested by him in 1905, a8 
being a most promising method for the quick determination of mean 
velocity under all conditions.* This formula was developed in the 
study of vertical- -velocity curves under ice and was found 
apply even more truly to flow in open channels. 3 accords with the 
assumption that the typical v vertical-velocity curve is a common | ae 
bola with horizontal axis. Some time after this formula was suggested ‘ 
by the speaker in 1905, he learned that, at a previous. date, Thomas U. — 
‘Taylor, M. Am. Soc. C. E., had concluded that, theoretically, the mean 
of, observations at 0.21, al 0.79 depth should give the mean velocity 
4 in the vertical. , The speaker would be e interested to learn whether this 
me 
method v was ever in ‘practical use prior to his adoption of it for wo sail 
in New England 
An: important point in respect to current-meter under 
7 ice cover is that a a single observation at 0.5 depth with the application : 
of a coefficient r ranging from 0.82 to 0.92, with a mean of 0. 88, gives a 
= and fairly reliable determination of the mean velocity in the — 


Journal of the Association of Engineering Societies, July, 1905, Pp. 
+ Water + Supply Ps Paper No. 187, U. S. Geological ailitats pp. 8 84-85. a _ 
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Mr. Barrows. vertical. may be called the single- -point method for i ice 
just as the six- -tenths- depth m nethod i is for open water. 


U.S. Geological Survey are welcomed at all times by its engineers, and _ 
that an effort is made to profit by them. | The suggestions from practic- 
ing use of estimates of stream flow, are. 
ese data, they realize 
just improvement can made. 
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in any of its publications. 


THE REDEMPTION OF THE GREAT VALLEY 
CALIFORNIA. 


ae Harts, M. Am. Soc. C. E. 


great Sacramento and San J in California will 
patient study before anything entirely satisfactory can be 
evolved. The main future development of these valleys will undoubt- - 
edly be agricultural for many years, and whatever ministers. most to 
this: development as an ultimate benefit will ‘unquestionably be the 
correct solution. The interests are SO diverse and the difficulties of 
harmonizing them so great ‘as to make the task one of. “enormous pro- 7 
portions. If the problem to be solved were the project for flood pro- 
tection or for drainage « of the valley alone, or if only the interests of — 
; navigation were to be considered, it seems safe to say that some definite _ 
could be readily devised which would satisfy the conditions fairly 
cal But the problem | of harmonizing tl these important interests, diffi- _ 
 eult as it might be. found, is further the necessity of | 


the enormous expense may be distributed properly, and, further, by 
difficulties i in n the way of legislation, to the end that State and ately 
Brig sighed not be neglected, ; and, at the same time, that the charge 

or 


the necessary work be placed it should belong. 
ae Most of the lowland of this valley was given to the State of Cali- a 


fornia by the General Government in 1850, under what is known : as 


__ *This discussion (of the paper by A. D. Foote, M. Am. Soc. C. E., printed in Proceedings — 7 
for vo tember, 1909, and not presented at any meeting), is printed in Proceedings in order 7 
£-* the e views ‘expressed may be brought before all members for further discussion. — 
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‘Mr. Harts. the “Swamp and Overflowed-land Act,” with the distinct understanding — 
_ Se the State should take such steps as would reclaim these areas eas and 


render them - fit” for agricultural purposes. If this land were still 
“public land” of the United States, the solution of the difficulties would 
be far ‘simpler. . Practically all this land was sold later by the » State 
to private parties at merely nominal figures, still coupled, however, with 7 
the obligation that it be re eclaimed. In most cases this obligation has_ 
never been. met, but decisions of the courts hold that the land is still 
subject to the eall of the State for such ‘assessments as may be found 
"necessary for the proper solution of this great problem. ie 
The entire central part of California consists of an elliptically-_ 
- shaped valley of about 57 000 0 sq. miles, of which about 18 000 sq. miles ~ 
~ are lowland, all having but one outlet, namely, through San Francisco | 
Bay and the Golden Gate. The low ad of this entire valley, it is 
"believed, has been largely built v up by the washing down of material 
“from the > surrounding mountain sides, until Suisun Bay, at its western 
side, is now all that remains of an enormous inland sea. It seems 
undeniable that the rivers flowing into this basin never have been, , and 
- ver will be, able, in their natural condition, to. carry off 
_ within their banks the floods arising from the rains and snows falling 
within their water- -sheds; and it also sec seems undeniable | that the sedi- 
~ ment eroded from the high mountain | sides has been carried down 
probably for a ages and is still moving seaward, encroaching yearly on 
‘Suisun Bay. Since the discovery of gold this erosion | has been aided 
‘enormously by the pr process of hydraulic mining, ‘millions of cubic yards 
of solid material having been dislodged the gold- “bearing areas” 
to be transported down the stream into the river systems 
~ below. | ‘Thus a further problem has been added to the natural diffi- 
“i culties, that o of mining-débris control, the solution: of which is now 


_ Tt may be true, as has been stated by some, that it is an “engineer- 
‘ing absurdity” to attempt to control the maximum flow of the Sacra- 
mento River by levees, but, notwithstanding s such hard words, it is 
= the writer’ - belief that in no other way can the ordinary floods of this — 
98 : valley ever be s satisfactorily controlled, and in no other way can the 
delicate problems of navigation, from which much good may be ex: 
in pected during the future development of this valley, be solved than by 
some system by which practically all the river flow shall be carried in 
_ the river bed. The width apart of the levees and their height determine 
- the quantity of water which can be controlled. The slope is practically 


Bons By PRE the natural bed, navigation and drainage channels 


“outlet by side ‘channels, but ; the main river flow must be rust be Kept with within in the . 
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oo. ; _ to control the high-water flow of the river. Such extreme floods as it 
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natural o banks. < works for drainage and basin Mr. Harts. 


irrigation may be easily coupled with this project, so that all that may 
be necessary in the way of flooding the side basins could be attained © 
by the use of gates. A modified dike system, such as is proposed by the. 
author, might be easily applied as an accessory improvement, but the 
main principles as given above will | inevitably be found necessary in : 
‘The | requirements of r navigation demand that deposit shall not be 
made in the channels of the stream. The plan proposed by the author 

_ would certainly produce such deposits. Even relief weirs in the levees — 
cause a shoaling i in the channel below, owing to the diminution in the © 
currents | in the main stream. — It is readily seen that withdrawing a 
portion of the flow will cause a slackening of the currents below the 
erry of the withdrawal, and deposit will su urely | result, to the injury 
of the channels. _ Side drainage channels will likewise be filled up by 

- Bred therein, owing to the diminishing velocities. it is well known 


that the escape of floods over the banks causes the river beds to fill and 
- the banks to build up in the case of all sediment-bearing streams. 7 


in many rivers and in any countries shows that, 


order to secure the scour, to maintain not only navigable | depths but. 

adequate drainage, practically the entire flow of the river must be con- 

trolled between | either natural or artificial banks. - The improvement of 
the Po in Italy demonstrated this nearly two hundred years ago. | ol 
mouth of the Mississippi and the mouth of the Danube illustrate this 


point still further. seems probable, therefore, that no project which 
does not include ‘the deepening of the present bed of river the 


ceed. The author provides 1 nothing for flood He “accepts the 

present flood conditions as necessary and inevitable, and endeavors only 
to make the b best of them. To anyone familiar with the high-water 
a conditions and the slight fall of the main rivers of the valley, and the 

| 4 natural delay in passing floods, the problem will seem to be far from 
| ae to o that of the Nile, from which he draws his examples, and — 


is ; done at present, the escape of the surplus water. 

As to ) the details s suggested by the author, some criticism should also 

made. His suggestion of passing drainage channels under the 
Sacramento River by means of of siphons seems particularly vulnerable. 


This river, flowing as it does through sedimentary deposit, would re-— 
‘quire work of tremendous | expense to conduct side channels under a : 


yg bed safely, and the probability - is not remote that such siphons could 


1 | a be kept open ¢ only with the greatest ¢ difficulty. . The available head must 

necessarily be slight. This is obvious when the great difficulty 

_ drainage rests primarily on the lack of fall between the floor of the © 

valley and ‘mean tide level. Furthermore, water comes charged 
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Mr. Foote. suggests that “fifty years ago the conditions of depth for 
navigation and | drainage were far better than now, a: and were ‘ ‘of im- 7 
_mense value to the community as commerce bearers.” Records show 
beyond argument that fifty years ago, ‘and even before that, the dey pths 
no better than they are ‘to- -day. The bed has been raised slightly 
by sediment, ‘but levees were built for the reclamation of the lan a 

_ which have corrected this, and the navigable conditions are opel 
worse than they were then. Charts of 1841 show ruling depths of Tft.at 

water between Sacramento and Suisun Bay. This depth is still 
available. At that time a a 4-ft. depth was found between Sacramento 
-and Colusa, and is still found. In the face of many difficulties, the 
‘former navigable conditions have been maintained to the present time. 
If the rivers are not as important now as they were then for carrying» 


commerce, the answer is to be found in. the development of the reil- 


expensive e apparatus w were » devised to maintain the flow. 


“but newer and is open to 
- Attention is invited to an oversight in the assignment of the credit 


for the design of the movable dam mentioned by the author as a desir- 
type for construction on The dam, referred. to as 


Am. Soe. ©. E., at ‘the power plant of the Chicago Drain- 
age Canal, was originally inv ented by H. M. Chi ttenden, M. Am. Soc. 
C. E., Col., Corps” of Engineers, and used by him in the improvement 
of the Osage River.* It is a modification of the Desfontaines drum 


wicket 


a __ Another detail | requiring comment is the author’s method of con- 
solidating ‘gravel and sand by pumping this | aggregate full of cement 
grout. | While engaged on the restraining works | on the Yuba | River, : 
the experiment o of pumping Portland cement grout. into the bed of the 
‘Tiver was tried with a view to consolidating it. Many experiments 
were tried, but all proved ‘unsatisfactory. The first and main objection 
was that one had no ‘definite knowledge of the results of his work, and 

could not learn without more expense than other methods would cost; 

the second objection was that the water encountered affected the setting © 


qualities’ of the. grout, through | dilution or otherwise; and third, it was | rt 


9 


Ooms 


found impossible to force the grout to any great distance from the 
pipes. The experiments on the Yuba River, where conditions were | 
peculiarly favorable, showed conclusively that no reliance could be | 
placed | on . this “method. The writer does not mean to say that there 

may not be oceasions where it might prove advantageous, as a matter of 


fact, it has 1s occasionally been attempted successfully; but the conditions 


q 
* Transactions, Am. Soc. C. E., Vol. YX XIX, p. 533. 7 
+ Journal of the Association of Engineering Societies, June, 1896, 249, 7 _ 


p 
a OF rs. 
4 
— oa 
on 
> 
| og 
| { 
= 

Fs 
4 

> 
4 

g 


LEY OF CAL IFORNIA “1161 


4 a the Sacramento V alley are somewhat similar to those on the Yuba mr. Harts. 
River, although not so favorable for this class of work, and he believes — 
that the author is over sanguine as to the results achievable in this way. 
The holding b back of the débris” by a succession ¢ of overfall — 
in the plan suggested by the author, has been abandoned by the Cali- 7 
fornia Débris Commission after thorough trial, and is open to ) serious: i. 
objection. This x method was applied y years to the Yuba Riv ver, and 
several failures have shown that overfall dams i in the beds of Tivers- 
“compose of mining débris cannot be maintained without undue ex- ex- 
pense. The first a attempt of this kind was made by the § » State of Cali- _ 
fornia the early Eighties. barrier of brush, extending entirely 
Across the Yuba was built at cost of about $250 This 
work was” designed State Engineer, with the approval of 2 
‘mission of consulting engineers, , of which the late James Bb. Eads, 
M. Am. Soe. C. E. , whose reputation for r river work was widely known 
“ont account t of his connection \ with the improvement of the mouth of 
the Mississippi, was a member. This barrier did not resist the first — 
freshet. The next attempt was made some years later by the California 7 
‘Débris Commission n farther up stream, and w was also a brush an and rock 
dike combined with sheet-piling on the down- “stream si side. This « 
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was likewise destroyed, and later a modified design was again 1 attempted. 
using fascines built in “cob- house” construction and filled with 
rock. This plan also failed. It: was evident that, even with low lifts, 
Ss overfall dams on beds of gravel could not be attempted in this river, and 
were then abandoned by the Commission. Accordingly, a later 
: had j in 1 place by piles, the down: stream side i in the river bed to be com- 
posed of al broad apron of heavy rip- rap, the main flow of the river to 7 
be carried through a spillway cut through solid rock at one end, so that 
_at all stages, except at extreme high water, , all floods would pass through 
a rock cut, leaving the dam and the bed of the stream untouched. 
_ While under construction, and before this barrier was completed, it was 
i. partly destroyed by the extreme flood of 1907, by wearing away the « con- 
a aa crete cover, and has not yet been rebuilt. a This same general method is — 
a - being followed at Daguerre Point, lower down on the Yuba, where 
a dam, too high ever to be overtopped, and a side spillway, will impound 
“more. than 50000000 cu. yd. of mining débris. The plan suggested 
% by the author of placing various overfall barriers across this and other 
- similar rivers is open to this objection. No overfall dam can = 
be maintained in these streams except at pe expense, 
Finally, ‘the e enormous. cost of any such work as proposed by | the 
author, even if ‘it should be assumed to be effective, would probably 
forbid its application. In 1905 a comprehensive plan for the drainage 
B of the Sacramento River was | prepared by a board of experienced engi- 


neers skilled in river work. The cost of this project was about | 
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anes $24 000 000. - The question at once arose as to how this | money could 
be ‘secured. The Federal Government was appealed to in the hope t that — 


 - it would | pay c one-third of the amount. - ‘The State, it was s hoped, would | 


pay one- -third, leaving the rem remainder - to be paid by the landowners — a 
interested. Inasmuch as many ny of these landowners had purchased their 
lands for $1. 25 per acre, and some had | had even this amount refunded — 


to en the State, it would appear that their hope of having two- 
thirds of the expense of borne bend others: was, to say the 


n. It seems clear that. the first: ‘difficulties 


“distribution of. the expense whe: such legislation compel 
all ll the improved property to pay its: proportionate share toward the 
improvement. That the greater burden of this work must fall on the 


je 


land i in 1 question there seems no doubt, but no project can be rseraing- med 


been provided for by law. 
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OF CIVIL ENGINEERS 


ARE E SVIEW OF 


RS. ns. W. W. Crossy, 
. W. Crossy, M, Am. § Soc. letter). —The writer has. Mr. Crosby. 
this paper extremely wal desires to call attention 
; _ Under the heading, “Wearing Surface, Brick Paving,” the a author, 
in expressing his opinion regarding the allowable limits of loss in the 
rattler, states that “bricks which lose more than 20% of their weight — 
are rejected.” ill he kindly state whether or not, in his opinion, 
is sufficient to limit the average loss to 20%, or whether an attempt a 
should be made to prevent too great a variation between the minimum 
and maximum losses by specifying the maximum variation to be 
~ allowed between the extremes? The writer believes that such a limit in 
‘variation hes be specified, in order to avoid lack of uniformity in 


Under the heading, “Stone * author that preference 
ieee satisfactory blocks, and “apparently no tests of the blocks 
themselves, « other than that of actual use on the streets, have been, or 
are, required. Does this practice result in limiting competition un- 
“necessarily, or in excessive high cost, through a -eombination o of the 
 qperators of the preferred quarries? ~ Possibly a test similar t to the © 
rattler test macadam materials could be made on 


\*This discussion the pi paper Assoc. M. Am. Soc. E., 
Proceedings for August, 1909, and presented at the meeting of October 6th, 1909), is printed i 
7 in Proceedings in order that the views expr essed may be brought before all members for 


— 
— 
SIONS | 
This Society is not responsible, as a body, for the facts and opinions advanced 
wel in any of its publications. 
a ‘HICAGO PAVING PRACTICE. 
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ok pe a minimum loss lower than ahs a block might be expected 


to wear rounded and slippery too easily, | one might avoid conditions, — 

wh 

Under the heading, “Wood Block,” the author su; ‘suggests certain 

limits the allowable volatilization of creosote a In the writer’s 

opinion, the 5% and 15% limits at 210° and 235°, respectively, will © 
be raised, for the present at least, on account of existing 
to 10% and 20%, respectively, 

Under the “Asphalt,” the author states that: 


“Asphalt, ‘according to experience in Chicago, is not suitable for 


stiects having the heaviest commercial traffic, such as those in ‘The 
Loop’ district, as the best pavements laid thus far have shown a 


Tt would be enlightening and interesting if, where such apparent 
failures have occurred, a detailed statement could be made of 
composition of the pavement, both as regards the properties of the 

1aracter and proportions of sizes of the 

mineral aggregate. I Tt will be generally agreed that many failures, 
such as the author refers to, are due to defects in one or the other 
of these factors. — The author seems to be of the opinion that about 
ten } years is practically the limit of the life of asphalt pavements. ‘The 
writer admits that many have failed in even less time, 

believes that, with proper materials, asphalt pavements have been and 
can be constructed, which will have a life of several times the period 
mentioned, 
In reference to concrete pavements, it would be. interesting if the 
author could state any facts concerning the cost of repairs to such 
pavements. He mentions that the surface has not worn well in some 
‘places, but it is not clear whether the defects have been caused by the 
use of improper materials or methods, or by inequalities either. 
The writer’s experience is that it is very difficult, if not impossible, to- 
secure a concrete surface which will wear evenly under traffic, fre- 
quently because of the unavoidable variation in the broken stone used — 


‘and in the proportions of the mixture itself. Vis 


The work keeping such pavements in in 
extremely, difficult, well as as high i in cost. 


THoMEs, Assoc. M. Am. Soc. Cc. . E.—Highway construction 


and maintenance, while one ne of the oldest branches of civil engineering, — 
has only recently begun to receive the serious consideration ‘and 


thorough investigation by it deserves. There i is still a 
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Mr. Crosby 
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ultimate economy in the millions of dollars being expended for high- 


G PRACTICE IN 


During the ‘summer of 1909 the speaker made a paving Mr. Thomes._ 


trip through twenty of the principal cities between. New York and 
Chicago, and a few of ‘the i impressions gained may be of some interest. 
In the past few years Chicago has made notable progress in street or 
enna, as has been so ably presented in Mr. Green’s paper. __ _ 
. A matter which should receive the early and careful consideration 
of the municipal authorities is the complete establishment of street 


ine and grades ogee entire area of the . so that, as various 
j 


w 


cement or the of grass plots, the of grades 
3 all these intersecting lines, the ‘radius of the curb at intersections, 


the drainage, the location of trees, areaways, atone and house lines, etc. — 


in 


New Crry Orpmance. 
The antes: widths of streets shall be such as to give a clear space | 
(a) For streets less than 20 ft. wide and used for vehicular traflic, » 
the width of the roadway shall correspond with the . street 
less the space occupied by the curb 
a — streets having a width ranging from 20 to 50 ft. and not 
a= by a railroad, the width of the roadway shall be 60% 


of the total width of the street. 


7 es) For streets having a width ranging from 50 to 60 ft., and not 
ss geeupied by a double- track railroad, the roadway ‘shall have 


@ Be streets having a width ranging from 60. to 66 ft. 8 in. = 


ba not occupied by a double-track railroad, the width of the road - 
way shall be one-half of the total width of the ‘street. Satie 
© For all streets having a width of over 66 ft . 8 in., except those 
portions of Fifth Avenue and of -Forty- second Street, 
- Borough of Manhattan, concerning the treatment of which 
- a resolution was adopted by this Board on December 18th, 
- 1908, the roadway width shall be 80% of the street width 
less 20 ft.; provided, however, that if the street is occupied — 
7 by a double- track railroad “the: minimum roadway width | 
ee prescribed for such railroad shall be required. “arty 
(f) For streets in which there is a single-track railroad, the mini- —_ 
For streets in which there is a -double- le-track railroad, the 


mum roadway width is to be 40 


curb | corners at street where the 
is 3 30° or more, shall be turned with a curve having | a radius of 5, 6, 8 


| 
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dths, together with explicit rules for determining auxiliary 
af tha roadway _the ontter line the frant and hack edga 
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ns Thomes. 10 or 12 ft., this being determined for each case as the nearest of these 7 
. dimensions ‘which would represent 10% of the width of the wider street, 


provided, however, that in case the interior angle is less than 80° i 
_- shall not be less than 20% of the distance between the building 1 
_ line corner and the point of intersection of the curb tangents. ; 


For intersections where the interior angle is less than 30° a tangent : 
ce be inserted in the curb line at the corner at right angles to the : 
_ line bisecting the said interior angle, and at a distance from the build- = «| 
ing line corner equivalent to the width of the wider sidewalk of the ~ 

- intersecting streets, the said distance being measured along the bisect- — 
ing line, the curves to connect this tangent with the curb lines — 
wise provided for shall each have a radius of 6 ft. 


having a width of 20 ft. or “more, the remaining space om 
each side of the roadway shall be designated as the sidewalk, 


No encroachment shall © be permitted upon any roadway unless 
- No encroachment of a permanent nature shall be asitnead upon 
the sidewalk space of streets owned in fee, or shall be hereafter ‘per- — 
mitted upon an easement street, between the elevation of the curb and a 


horizontal plane 10 ft. above the elevation of the curb. | oo 7 


Chicago’s 2-ft. and 4 ft. _ street corner curb radii were made 


larger, it would improve the general appearance and facilitate vehicular 
traffic. On the other hand, the radius of 15 ft. and greater on the aver- 
age street is likely to encourage too high a speed in vehicles turning 


the corner, and to. endanger pedestrians crossing, also to curtail the 
There are many adv antages i in a street system having the four: inter- 
- secting street curb corners all at the level of the established grade, 


® 
a straight curb grade between adjoining streets or only one inter- 


mediate e change of grade, eased off by a vertical | curve and with the 

proper grade to drain well. The depth of gutter may then be uniform 

a for all pavements, the crown or elevation of the center of the street 

being varied to meet the various conditions. In the case of of steep: 

or very flat grades, skew intersections, car tracks, permanent improve | 

ments, ete. , it becomes a difficult | problem to solve satisfactorily, 

- The ‘most common form of street surface is the parabolic ‘curve, : 
with a crown of eo of the width of the roadway, and a 5- in. or (63 -in. 

depth of gutter. In recent years the tendency has been to increase the - 

crown of sheet asphalt and other roo and to 7, 


even. " of the width of the road dway. 8 Smaller and more frequent s sewer 


inlets are constructed, and the depth of the gutter is reduced. ‘aren | | 


a Stone curbing should be set in concrete made with small stone, but 
it appears that an unnecessary depth of curb and an undue quantity — 7 
of conerete is used in some places, the curb being 24 in. deep. with 
in. of concrete all around, It would seem that depth of 16 or 
6-18 in. and 4 or 5 in. . of concrete below 2 and around the c curb would “a 
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ample in most | cases. 7 In wet subsoil, a drain of eae broken Mr. Thomes. 
stone, or tile should be placed below the curb and under the pavement 
necessary. These drains ‘should be connected with the sewer 
inlets at every y low point. In sandy or other well- drained subsoils, and 

in closely built-up sections with deep cellars and sewers, sub- -drainage 


_ The character of the curb will | depend on local conditions. Concrete — 

curb i is favored in many places on account of its cheapness and ‘pleas: 

ing uniform appearance. A metal- edge reinforcement: is an improve- — 

- ‘ment, but as most of those on the market are patented and are (ex 

pensive, its use is not justified i in some ne cases. oA metal- -edge reinforce- 

on both concrete ete and | stone curbs is advisable on Street corners 

where the traffic is heavy. 4 Care should be taken not to bend the metal 

- nosing, as i it is difficult to to keep it to the true curb lime ni 

combined conerete curb a and ‘gutter is satisfactory in ‘some 

suburban districts, or with a macadam or a bituminous - pavement, but — 

it does not meet with general favor in. large cities where the traffic is 

heavy. It should be constructed in sections of about 6 ft. » of 1 well- 

rammed fine concrete on a firm cinder base, and should have a ‘wearing: 

surface finish of mortar composed of fine granite screenings or other 

hard grit. Considerable combined concrete curb and gutter has been 

laid in Chicago, and has been fairly satisfactory. It is cheaper than , 

ets curb; it reduces. ‘the : area of pavement to be paid for ; it is Jeasier — 

construct a smooth and varying gutter line; and it avoids the dis- 
integrating effect of water in an asphalt gutter; but after a a few oon 

under heavy traffic it wears out at the junction with the pavement, and 


is very costly to repair the pavement or the gutter. 
If more e attention is paid to and sur- a 


quantity or quality a the concrete or stone in the 
of the wearing surface. In Cleveland, which probably has 
o as good pavements as any city in the United States, special care is 
taken in puddling, rolling, and preparing the subgrade. The subgrade 
and the sand bed for block pavements are brought to the. proper surface — 
by the use of a right and | a left iron-faced wooden templet “moved by 
- iron handles. _ The templets are about half the width of the roadway. = 
| They have a 4 by 4-in. -noteh i in each end, which fits over a 4 by 4-in. 
timber placed to grade | along the center of the street and along each 
-eurb. In Rochester a a trussed t templet, the full width of the roadway, is 
drawn along on the curbs, with the bottom of the templet at the proper 7. -. 
elevation to give the true contour. | » im other cities the proper depth of 
concrete, ‘sand bed, ete. is obtained from ordinates below string 


stretched across the curb, or from the engineer’s stakes, | or by tees, or 


by stakes set at close ‘intervals by these methods. Instead of using — 
wooden stakes, it would seem advisable to use flat- headed iron spikes 


- which can be easily - driven, pulled up, and used over and over again. 
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Too much cannot taken to obtain uniform depth and a true 


While a rolled-stone macadam or gravel base foundation is satis- 

‘ factory i in many places, the general practice in most of the larger cities 
is to use a concrete foundation. The good results from a stone founda- 
tion are probably due to the increased rolling. If the subgrade is 

_ properly rolled and drained, and the concrete is well « compacted, better 
results will probably be obtained from concrete. A cement- -grouted 


to ‘offer some e advantages. zroller- tamped stone ‘similar 


pavement, may many 


pavements, while quite popular in the Central hove 
not been used very extensively in New ‘York 


can be kept. off, a ‘good cement grout filler is preferred. Tar 

_ filler is used more than asphalt filler in most places, because it is 
a cheaper. A mixture of tar and asphalt might prove more suitable 
in many cases, all conditions _ considered. _ With grouted joints, an 
preter wi joint along the curb i is advisable i in practically all cases; but, © 


in the case of frequent transverse tar or sand expansion joints, the ~ 
_ remedy is worse than the disease, as the pavement begins to disintegrate 
at all these joints in a short time, and the results appear to be more 
- objectionable than the fine cracks or occasional wide | cracks which may 
develop where no transverse expansion joints are used. | In most cases 
cross expansion joints are not advisable, especially for ‘stretches of 
less than 1000 ft., or where the bricks are heated and expanded, as 
they usually are, when laid in the summer. Where provision for 
=. is deemed necessary, the wood block expansion joint, as” 
developed in Detroit in 1908, gives promise of being more satisfactory 
than the usual bituminous transverse joint. _ Two courses of creosoted, 


4 -in., ‘— -leaf pine, paving blocks are laid across the street about every 


as bricks. 
cracks, either at or between the v wood blocks. The ‘wood “blocks will 
probably wear about as well, if not better, than the adjacent brick, as" 


they are likely to wear more uniformly than the brick. = ii 


__ While t the speaker - was in Chicago, the wood block a 
of the Auditorium on n Michigan Avenue, south of Van Buren Street, ; 
referred to by was being removed to permit the widening 
and change of grade of the new Michigan Avenue (Park) Boulevard. o 
Only a small strip of the wood block pavement remained, but it was 


in excellent condition, and the waete showed a ‘wear of only about | 


1 
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| 
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in. in the ten years it had been laid. Further authoritative detailed Thomes. 


information about this piece of pav ement would be very desirable. It “7 7 
= laid on a mortar bed, whieh is the New York City | 


the is due to the but a mortar bed does 
- not shift, and it holds the blocks: better, | as it is not so readily affected — 
by water getting under the blocks. The author’s statement that with — 
16-lb. treatment there was absolutely no water absorption, requires 
further explanation. — Under ordinary conditions there is usually some 
drying out and some water absorption, with contraction, swelling, — 
expansion of the wood block. This depends on the kind, “quality, size, 
= of grain, extent and method of ‘seasoning, ete., of the timber, — 
on the temperature, pressure, duration and method of treatment, and — 7 
- ‘the character of the preservative used; also on the method ¢ of pavement — 
construction, the joint filler, the sme of traffic, the grade, the 
exposure to ‘the sun or to moisture, and to various other local eondi-- 


tions. ood block is like sheet asphalt i in that is better under suffi- 


cient traffic to iron out and seal the wearing surface. 
The specifications prescribing z ‘number of annual growth r rings» 


per inch for for _long-leaf yellow pine is a step i in the ‘Tight direction. 
EE those who have had actual ex experience can realize the — 
4 


of grading Southern yellow pine satisfactorily to all parties. When 
pe into lumber it seems to be practically impossible to distinguish 
- some slow- growth short- leaf and other pines from some quick- growth 
long- -leaf pine, or to distinguish second-growth timber positively, and 
the most feasible method of determining their classification appears is 
be by average ‘number rings per inch. This 


number “details to be telson and ‘it will require 
time to work | out the necessary practicable rules. The manufacture 
and treatment of creosoted wood blocks should be carefully “inspected _ 
at the plant. It ; is desirable that the timber be inspected in the stick | - 
before it is sawed into blocks. 
* There is considerable difference of opinion as to the timber, the — 
| Proper specific gravity, and the character and amount of wood preserv- 
ing oil, the methods of seasoning and treating, and also the tests of the 
__ treated wood block. These matters require further investigation, 
‘There ‘seems to be no advantage in the common Western on 
of laying the wood blocks at an angle of from 20° to 45° with the © 
-eurb, and with several longitudinal courses of blocks a along the curb. 
: would seem that equal if not better satisfaction i is obtained with all 
s the blocks at right angles to the curb, and with an expansion joint — 
the curb. Ordinarily, no transverse expansion joints: are advisable. 
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ON PAVING PRAcTION IN CHICAGO 

Mr. Thomes. | With all the block pavements, better results seem to be obtained | with 7 
all the courses at + right angles to the curb, except at intersections or 


‘wood, asphalt block, sandstone blocks are usually | laid 
to the rail. The blocks should be laid in a mortar The joint 


filler will be governed by local conditions. 


matter which | deserves the concerted ection of city "engineers a 
paving contractors is the standardization and adoption of uniform 
‘specifications and tests for ‘stone block _pavements, similar to those 
adopted for brick. If two or three uniform standard 
for stone block could be adopted, they would meet the require- 

7 ments for practically all conditions. The stone quarries could work 

- their plants to better advantage, and the cost of the blocks would be 
‘reduced. The stock blocks could be kept on hand, and their delivery 

7 _ facilitated. _ At present there is such a diversity in the various stone | 
block specifications that it is impracticable for a quarry to keep 
sufficient stock on hand, and the construction work is often delayed | 


in obtaining blocks. The different have limits 


Block, a in. be sufficient for even 
the heaviest traffic, because the pavement will probably fail on account 
_ of the unevenness of the surface, due to the non-uniformity of the stone 
and the concentration of traffic, or because of poor foundation, before it 
fail account of ack of depth of the stone blocks. The 
character of the stone block will depend on trafic and other condi-- 
tions. If more attention is paid to securing a good quality of stone 
block pavement with a smooth surface and close joints, it will wear 
much longer and more uniformly. Although, with this kind of pave- 
ment, there will be an increased cost, due to the better quality, dressing, 
and laying of the stone block, there will be a decreased cost in trans- 
portation and excavation, and closer joints can be secured more easily — 
with a shallower block. © Considering the decreased cost of maintenance, 
ease of traction, saving in wear and tear of vehicles, diminished noise, 
improved general appearance, and other ‘sbeantanen, a good stone block 
pavement will be cheapest in the long run. “ Pn 


co- -operation ‘among the various "engineers and contractors: 


to secure the essentials without unnecessary refinements, ean 
_ be improved without much increase in cost. While it is advisable to 7 
improve the general condition of stone block pavements, care should _ 
be taken not to go to extremes. The new granite block specifications of 


‘Newark, contain a number of in mprovements, but go to uneco- 


“The — must have nearly plane surfaces for all of the faces of | 
each | block that \ when a straight-edge of the full of the hock 
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is ; applied i in any direction upon said faces, there will be no oe Mr. Thomes. ; 
or bunches" which shall deviate more than 3 0 of from said 


straightedge? 
Bek of the new stone block pavement in Chicago consists of <a 7 
reddish Wisconsin granite, 1 which 1 has a smoother head and seems to be 
of a better quality than most of the Eastern granites. see 
- While actual | long- time service is the best test of a any stone block, — 
physical and chemical tests would be of great advantage, if proper tests 
can be evolved, which will give e fairly y reliable indications of the actual © 
_ Wearing qualities on the street. Considerable work along these lines 
has been done by the United States Office | of Public Roads. . Further ro 
_ information relative to actual wear and to tests on stone paving blocks © 
would be of interest, also any experience with rolling stone block ——— 
4 ments. It was stated in Cleveland that the Medina sandstone block — 
pavements were rolled in the same manner as 3 the brick pave- 
ments. This appears to have some advantages. 
ie grout joint filler for stone blocks i is preferred where the traffic” 
_ be diverted. A bituminous filler is used where the street cannot 
be kept. closed « or where the pavement is likely to ‘be opened up 


quently. A sand joint filler is also used. The grout varies from 1 part 


of cement to from 1 to 4 parts of sand. 


The asphalt block pavement is worthy of further investigation by 
municipalities. ‘Some of the early asphalt block pav ements proved 
defective; but ‘the present improved asphalt block, which is carefully 
-manufactured under a ‘pressure of 6000 Ib. per sq. in, extensively 
used in New York City, and, on the whole, it is wives good satisfac- 
tion. Tt is” somewhat 1 more expensive than sheet asphalt, but is less _ 
slippery and is ‘especially suitable for steeper grades and. for places 
di at a distance from an asphalt plant, as it can be laid and repaired 
. a easily. a The asphalt blocks are 12 in. long, 5 5 in. wide, and 3 in. deep. 
They : are laid upon a concrete foundation in a 3-i -in. mortar bed, with f 
close joints: filled with sand. . The asphalt blocks are composed of 
asphaltic cement, crushed trap-rock passing a }- in. sereen, and 
stone dust. The block 1as a. specific gravity gr reater than 2.5. 
A cement concrete wearing surface does: not appear to meet with 
much favor in the larger. cities. is suitable for alleys” and streets 


ith light tr traffic, but it is questionable whether it will be ‘satisfactory 


ors 

can. traffic in the | large Northern cities. It has some ad- 
vantages, | and, with further improvements, it may prove satisfactory. 
uld ‘in many cases. 
sof Kentucky rock asphalt p avement has met with success in 


places and with failure in others; ; ‘it is diffieult to obtain uniform © 

‘material, or bitumen of the proper amount and character, | and it wears 
unevenly i in ‘many ‘eases. Other bituminous ‘pavements have 
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fr.Thomes. | The present sheet asphalt specifications and methods of supervision 
a in Chicago rank with those of any city in the United States. The 
- ‘method of control of asphalt ¢ construction is similar to that of ‘Wash- 
ington, “with some modifications. _ This matter, as well as so many > 
‘others, is described so » fully, by Mr. Green. that the speaker need not uF 
= he parks and the connecting the parks in Chicago are 
“under the supervision of three commissions appointed by the State, 
and they are somewhat independent of the city ‘officials. The South 
Commission has made extensive experiments with bituminous 


- —_ road materials, and appears to be getting very good results with a fine _ 


_ asphaltic concrete mixed in a specially- “designed portable asphalt plant 
and laid by its | own n force. - This so-called “mineral rubber” ” pavement, 
which is similar in some respects to the bitulithic pavement, is laid 
either | on a concrete. a finished macadam foundation. It has = 


4 been down long enough to demonstrate its durability. Considerable — 
asphaltic concrete wearing surface is also being laid by the municipal 
= plant at Pittsburg. In Buffalo and in "Rochester fine stone 


sereen has. been ineorporated the ‘regular asphalt sand wearing 
surface, to the extent of about 20 per cent. This has been in use 
in Buffalo for four years, and it is proving satisfactory. With the use of 
fine stone the wearing surface is not so slippery, and it does not “wave” 


q 


and creep as as much as the ordinary sheet asphalt, but it requires closer 
attention in | raking and rolling to secure a smooth uniform surface. 
In Rochester, it was stated that almost all the sheet- asphalt binder . 
stone was coated with coal- tar and also that the wearing su surface along © 
the gutters v was painted with coal-tar instead of asphaltic cement. _ This 
is not the customary practice, and it is a point which merits further | 
discussion. | The a asphalt and other pavements in Rochester are in very” a 
Considerable bituminous macadam work is being done by the 
various State highway departments. 
There is such a diversity in the paving practice of different cities 
that it is difficult to compare the various pavements: unless one h has 
complete | detailed information on all conditions affecting the work, 
including r records of tests, construction, traflic, wear, ete. What would 
be considered heavy traffic in one city would be light traffic in another. 
Steps should be taken to enlist the CO- operation of the various cities, 
as far as practicable, in adopting uniform methods and records of 
‘paving work, so. that the results might be comparable | and of ‘mutual 


Mr. Lamb. Ricuarp LAMB, M. Am. . Soc. C. E.—Attention is called to a few 


portant considerations in in connection with that part of Green’s 


tas 


paper which treats of wood block pavements. 
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DISCUSSION ON PAVING PRACTICE IN CHICAGO 
No specifications by engineers ‘show less digested Lamb. 
those for wood block pavement. This, however, is quite natural, 
as the basis of the subject is essentially chemical ; and not engineering, 
¢ the promotion of the business hi has not been in the hands of engi- 
neers, but of manufacturers, whose a aim, as a rule, se seems to have been _ 
* advocate specifications which would i insure a ‘monopoly for their par- - 
tieular. organization rather than the ultimate best interests of the wood 
block paving business; 
Engineers have been led to specify that: dead oil of tar obtained 
from coal only shall be used, and to o specify i in the next paragraph, that 
25% of resin—a product of the pine 1e tree, and not of coal—shall beput 
7 into the heated creosote oil and nd be injected into the wood blocks.  ‘Fur- 
—_ ther, they have been led to demand that ; specimens ¢ of the oil, the e resin, 
and the resin and oil mixed, be submitted with bids for their work, — 
ast though they were were not aware that what they were calling for 
It is generally known that some years ago ago wood 
The te with pitch, was laid in New ‘York City and proved a failure. 
The treatment of wood with resinous’ vapors” was tried by Lukin, ¢ at 
_ Woolwich, in 1812, and proved | an absolute failure. The ‘askin Vul- 
-canizing process solidified the resin in _ heart pine, but was « of — 
value. The plant, which was built i in New York City, was used sub- 
the -resinate process, which combines the use of 
resin with the commonly accepted wood d preser vative, creosote oil. a 
Mr, Green hints that, Chicago, wood block paving promoters 
have’ been + trying to dictate the specifications. ‘He states: was 
- early recognized that to use as a standard the treatment ane by 
any one company was anything but scientific.” 
- Recently the specifications for p paving in a nearby city were brought 
0 the speaker’s attention. The engineer, after specifying the creo- 
7 pe nit process, demanded the submission of samples of wood blocks _ 
_ taken from some street in New York ‘City i in which they had been “ad 
for five years, stating that: ‘ “Tt j is not the intention of these ~<a 


- tions to permit experimenting.’ il That engineer was an honorable man, a 


but his error lay i in not having permitted the specimen blocks to be 
taken from other cities where they had been in use successfully for 
five years, as only one company manufacturing wood blocks could ek 
this feature of the specification, and hence that company could control 
the contract. It i is evident that this engineer would welcome a stand- 
ard specification which would eliminate, as far as possible, the experi- 
~ mental features ¢ of wood block pavements. To his credit, however, he ‘ 
~ inserted a a clause stating that if a bidder proposed to use blocks other 
than those specified, a sworn affidavit describing the materials and 
~ samples o: of the same, must be submitted with the bid. The bids | were 
16, 52, and $3.56 per sq. respectively. The last two bids 
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ur. Lamb. were onheuiinei by cil affiliated with the manufacturers of the 


blocks laid in New York City five years ago. The low bid was for 


of the well-established creosoting can put. resin in. 
their creosote oil, and they can use creosote containing the heavier tar, 7 
but engineers cannot get them to furnish blocks those 
treated with standard or regular dead oil of coal-tar, which has passed 
- the experimental stage and has attained results showing a life of 40° : 


yearsor more 
In 1880 the Society appointed a a committee to ‘report on the best 


“committee, reported in favor oa of standard poe 


Rotting» is caused by the fungi and bacterin germinated 


always it will n decay for many years. —Itisa fact that 
12 Ib. per cu. ‘ft. of dead oil of aa tar has preserved wood for more _ 
than 30 years. _ The poisonous or antiseptic nature of the naphthalene 
in the dead oil of coal-tar undoubtedly had much to do with this result, 
as it would - require more than 20 Ib. ‘per cu. ft. to saturate the pores of 
the wood thoroughly so as te to exclude the moisture completely, = 
Rite: It has been argued by good engineers that the requirements for the 
: treatment of wood blocks for paving differ from those for wood to be 
used for other purposes, in that the blocks must not only be preserved 
from decay, but must be made water- proof i in order to keep them from 
swelling. ‘Experience has shown that when blocks have been properly 
treated with 16 Ib. per cu. ft. of the dead oil of coal-tar commonly used 
by ‘standard companies, they do not swell more than. those treated with 


creosote and a a special water- “proofing 


of regular creosote oil was used, and there “hg not been n the slightest 
evidence of swelling, i in spite of 1 the fact that the blocks we were laid 1 very, 
tightly, 

As Mr. Green observed, Trautwine states that white 
1 part in 440 000 for each degree, Fahrenheit. W ith the proper number — 
of joints, there is no trouble from expansion; therefore, in treating 
wood blocks, the attempt should be simply to provide the preservative 
which has been. proven by actual experience to make the wood — 


special water- -proofing materials penetrate the surface the 
blocks only a short distance, and are not stable. When the blocks are 
cut for breaking joints, the interior surfaces show ‘none c of the special 

water- -proofing, a and, if not otherwise properly treated, they make an 

-_In 1894 the speaker made e some observations on on the subject of wood 
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pr eservatives,* in he contended that, inv dead oil of coal- tar, Mr. Lamb. 
naphthalene was the essential attribute for preserving the wood. 
1 has modified his belief in this regard. : Since that time the | United 
States Forestry Department has made extensive analyses of preserva- 
7 tives in woods which are known to have been treated and exposed for a 
‘number of years, _ The results for some of the paving — are given — 


TABLE 8. 


‘Distr. ATION OF EXTRACTED OIL: 


ounds 
bic foot, 


Average service. | 
we 


in p 


er cu 


Creosote left, 


lue 
to : 


anthra- 
cene. 


| 21.8496 | 21.80% | 41.7496 | 11.2596 | 18.64% 


4g BATT | 14.41% | 19.279 68% | 19.08% | 9.98% 

«| 14.41% | 1 10.50% 27.68% 19.08% 

_ This would indicate that the | effective preservative is most largely 7 


| ~ naphthalene and anthracene, and not the tar acids or the heavier dis- 


tillates which go over at a higher temperature than 400° cent. The 
latter constituents are mostly tar, have a specific gravity of 
‘The specific gravity of the dead oil of tar used by y standard 
_— ereosoting: companies is not less than 1. 03, or ‘more than 1.10. If a 7 
_ much heavier oil than 1.10 is used, great heat in the ° cylinders i is a 
sary to liquefy it, and keep it liquefied, so that it ean be injected into’ 
The spe: speaker has built a number of kilns for. drying lumber, and has 
: _ observed that when the heat is greater than 260° Fahr. the wood is ; 
7 per ged and made brittle, the cells are broken down, ‘and the wood is 
injured. If the strength and life of the wood are to be preserved, those 
4 attributes of dead oil of coal- tar which have to be aed 
in order to inject them into wood be used. 


John C. Oakes, 


y as a whole: o of more more 07, 
__Unless it 


oe the oil shall be naphthalene, and, at one ie. the speaker 
Transactions fam. Soe. C. E., Vol. XXXI, p. 238. 
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Government engineer, because the oil contained 45% of naphthalene. 
= specifications read that not less than 40% of naphthalene should 
_ be in the oil. | The engineer argued tl that he knew nothing about this 
substance, and that his report showed 45%, the “Washington 
authorities might blame him for accepting piles having too much | 
naphthalene in them. . The: speaker laid the claims of the authorities 
a on wood preservation before the Chief of Engineers, U. S. _A., showing 
_ that naphthalene wa was” the | essential constituent of oil for preserving a 

wood against ‘rotting and the teredo. The e Chief _Engineer tele- 
graphed to his subordinate at once to use the piles, and expressed sur-_ 
_ prise that the work had been held up for $0 obvious an error in the 

_ The speaker has since concluded that this subordinate engineer was 
‘more nearly correct in his conclusions, as far as the value of the oil is | 
concerned, _ than even he himself knew. if too large a percentage of 
eaghtialents i is “specified, it is almost certain that a a large percentage a 
the tar acids or lighter volatile le attributes will accompany scianee oil. These — 
‘soon leave the wood, 
If the degree of heat specified for distilling is greater than, the 
minimum “necessary to extract all the lighter oils and ‘some of the 
‘naphthalene, the volatile oils will be excluded, and if the rt take 


degree of heat be specified, which will fall below that ‘necessary to take 
fe the heavy tars, the oil will contain most of the naphthalene and 


nearly all, if not all, the anthracene. ~ These degrees of heat should be 


positively determined, and then incorporated in specifications. — 


Captain Oakes stated 
“Tf the creosote is obtained from works where the carbolic acid tie 


extracted, the oil will have a low percentage of tar acids. If naph-— 
thalene has been extracted, the oil will be low in that quality, and = 
_ roofing pitch has been manufactured, there will be almost no — 
cene, ‘because the distillation ceased before th the oils s containing anthra- 


From these facts it may be seen that useful information as to ‘the ' 7 
probable value of any creosoting oil can be obtained in “advance of an a 
analysis, by ascertaining the kinds of materials produced b; by the manu- | _ 
facturers who are to furnish the oil. 
A consideration not less important in wood block paving is the kind . 
of wood to be used. After 1 using many kinds of hard woods in _—. ; 
engineers have found from experience that Baltic pine, Pinus 
sylvestris, is the best and most durable. This wood corresponds to 
the American 1 Pinus mitis, or § shoft- leaf sap pine; but it is 8 not like » the t 
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In the East it has become aie: practice of late, to call for. Mr. Lamb. 

Pinus palustris or long-leaf or heart pine. It is questionable whether — 

this is | best. Short-leaf_ pine is the stronger, although of shorter life 

than the long. leaf pine. . However, when short-leaf ‘pine is creosoted, 
it lasts as long as the long- g-leaf. 

While the short-leaf pine has less resilience, it will stand the wear 
of wheels longer than long-leaf pine, on the e same principle that the 


- 
metals are not the hardest. > 


Pr: is a vast quantity of this wood i in those districts of the United _ 
‘States where creosoting works : are located. At present it is 
is used for any purpose. . The negroes say that black gum is so mean tl that 7 
7 even the lightning will not have anything to do with it, as it is com- Po 
monly believed that lightning never strikes black gum trees. The 
‘wood is hard to split; it has little fuel value, and has a bad feature 
warping and twisting. However, the speaker has manufactured a 
large quantity of it into long slender poles which were required to be 
straight and would be ruined by warping or twisting. _ The method 
was as follows: The trees wer were girdled when the sap was down. The 
sap rises twice a year, in Bepinsced and in August. _ After letting the Z 
girdled tree remain for one year, it was ‘then ready to be made into 
timber or lumber, and would keep its shape. — ‘It was also in better r con- 
dition to creosote, and the speaker believes that the wood will wear 
better than any that could be obtained at the same cost. 
; - The object of these remarks is to show, as briefly as possible, some 
of the considerations that make it important for the Society to appoint 


a committee to investigate the subject thoroughly, and to: report on the 
best complete specifications for wood block paving. * 
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_—Memoirs w will be in the. volumes of Any information 


w the will amplify the records as here printed, or correct any errors, should be forwarded © 
to the Secretar rior to the final publication, 


WILLIAM CHARLES Soe. C 


‘William Charles was at Rochford, Essex, England, on 
June 16th, 1845. With his father, he went to Australia in 1851—the 
in which was discovered in large quantities in V ictoria. 

He received his ‘primary education at the Geelong National Gram- 

mar School and, in 1861, matriculated at Melbourne University, where 
he passed with distinction through the Arts and, subsequently, the 
Engineering Courses, his name appearing | seven times on the honors 
list, three exhibitions and 01 one scholarship being also awarded to him. — 
Professor ‘Kernot began his engineering practice on the > Geelong 
Water- Works, and this was followed by work on the 
Works and in the Railways and Mines | Departments. 

In 1869, he began his connection—in capacity lect 
with the staff of Melbourne. University In 1883 he was 
Professor of Engineering, position which he filled, and with which 
he was identified, until his death. In 1888 he also 0 fulfilled the func- 
tions appertaining to the Chair of Natural Philosophy. a 

- Professor Kernot served six times” as President of the Victorian | 
Institute of Engineers, in 1886, 1890, 1897, 1898, 1906, “and 3 1907. 
‘He was also a Member of the of Civil Engineers, 
and of the Victorian Institute of Surveyors. He was a Vice- President — 
of the Royal Geographical Society of Australasia, a Fellow of the 
Royal Geographical Society of England, for years” President 

of the Royal Society of V ictoria, and a Past-President of the Engi- — 


Section of the Australasian for the he Advancement 


of Scien, 


Among the numerous public advisatory positions filled | by 
Pree Kernot a at various times may be cited the following: Member 
of the Municipal § Surveyors s Board for forty years—serving thirty years 
as Chairman of that board; Member of the old” Board of ‘Public 
Health; Member of the 1880- 1881 Melbourne Exhibition | ‘Comunitece; 
‘and. Chairman of Juries” for the Melbourne Jubilee Exhibition, 1888. 
He was a Member of Council and one of the Trustees of the Melbourne 
Working Men’s College, of which . school he was also President from 
1889 to 1899. He was also a Member of the following Boards: 


* 
Memoir prepared by E. Manchester, Assoc. M. Am, Soc. C. E. 
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Memoirs. 


ictorian Railway Enquiries and Commissions New South | 


= isitors to. the ‘Melbourne Observ. ratory 3 


Se Water Supply a the first 


“Australian Electric Company; Trustee of the 


per “America, and in South Africa the ‘progress 

He made many donations: to public purposes, others being: 

liberal benefactions to the W orking Men’ ’s College, also, the sum 
of £1000 to found a ‘Scholarship in ‘Metallurgy, and a sum of £2 200 
to establish a Scholarship in C Chemistry and Natural P hilosophy, at 


Without doubt Professor Kernot was one of the kindliest and mos 
genial of 1 men, at all times absolutely unsparing of himself in the 
interests of others—one of Nature’s own —and his death has. 
a caused a gap in the life of Victoria, w hich» will be hard to fill.” i 
In public life ‘it would be difficult to say with what 
with what important engineering 1 movement in Victoria 
more than forty years, he was not identified, but chief work—his 
life’s work—was associated with his University duties. His students 
received “more technical training » for Professor Kernot’s genial 
kindly ‘nature invited confidence, and his advice left a . lifelong i impres- — 
sion 1 upon them. Above all he was so an man, 
ev ery day 


_ Professor Kernot was unmarried. | He was elected a Member of the an 


American Society « on 1889. 
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_ MEMOIR OF HENRY BROWN RI 


~HENRY BROWN RICHARDSON, M. Am. 


“Henry Brown Richardson was born on August 23d, 1837, in 


throp, Me. He was the son of the Reverend Henry Richardson and 
Eu unice Farley Thurston. Among his" ancestors and relations "were 
ma ny historic New England names. An adventurous and healthy boy- _ 
hood, passed along the valley of the Androscoggin River and among 
the foothills of the White Mountains, laid the foundation for his 
understanding of Nature’s operations, and gave him the bodily strength 
and endurance which subsequently formed part of his professional 
Having acquired the education which ‘a local schools | extended, he ~ 
left home for broader fields’ of work | and life than the neighborhood 
afforded. His tastes and acquirements led him to seek employment of 
‘a technical and constructive character, which he first found in engineer- 
ing offices in Portland, Me., and afterward, as his wanderings extended, 
in Providence, Boston, Milwaukee, Chicago, and other Western cities. | 
- In the intervals in such cattails school in in Illinois and 
elsewhere, 
In 1860 Mr. Richardson reached Louisiana, where he was destined 
to find his future home and life work. He readily secured employment 
Bes the railroads and other industrial developments in that region, 
and particularly under the State authorities then i in charge of | the levee 


_ system of the Mississippi River. These engagements were soon inter- 
rupted by the outbreak of the Civil War. 
In April, 1861, Mr. Richardson enlisted in an infantry company 
~which was promptly ordered to Virginia. He was then immediately — 
detailed on engineering duty, wal served successively on the staffs of — 
Generals Dick Taylor, Early, and Ewell. Hi His services, particularly 
rapid, daring, and accurate reconnaissance, were distinguished and led 
to his steady promotion until, by the time the war was. half over, he had - 
attained the rank of Major of Engineers. He was desperately wounded : 
at Sharpsburg and Gettysburg, and, from the latter field, was carried 


to Johnson’s Island where he “remained a prisoner until almost the 


. a Immediately on the restoration m of peace Mr. Richardson returned _ 
to Louisiana and resumed his engineering practice, of which the 
reclamation of the Mississippi Valley from overflow formed a large and 


important part, and, becoming his eect claimed more and more of _ 


~ In 1877, on the reorganization of in State levee system, he was 
spain with B. M. Harrod, Past-President, Am. Soe. C. . E., and the 7 
Memoir prepared by B. -M - Harrod, } Past- Am. Soe. C, 
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OF HENRY BROWN BIOEARDGON 


1904. In thie: office he v was with the twenty-three 
: and maintenance of 1500 miles of levee containing 150 000 000 cu. yd. 
of embankment, : and protecting 15 000 sq. miles of territory from over- - 
flow, at an average annual expenditure of more than $1. 000 0 000. Eo 


Mr Richa ardson’s duties as State Engineer brought him i in « a 


: and ¢ close ‘relations wi with the conflicting interests of the work, tl the vipar- 4 
ian owners, and the 1 numerous s contractors, but | were discharged with- 


7 out friction and in a manner which inspired all concerned with the 4 


om most absolute confidence in his knowledge, judgment, and fairness. 

a, ‘The evidence of the wisdom of his" administration and the confidence _ 
with which he inspired all with whom he dealt is that he retained an > 

office” which was subject to change at every change of State adminis- 
tration for twenty- four | years, until he resigned it to accept service 

United States as a Member of the Mississippi River Com-— 


mission. 
mental vigor and re¢ 
lution, equipped him well for a of professional 
familiar with dangers, exposure, and emergencies, and where > for months © 
great interests hang in jeopardy. from floods. His strong and active 
_ powers of observation, trained by years of experience, gave him great | 
authority asa , student of alluvial streams, and enabled him to render | 
7 _ probably the most eminent service of any of his colleagues in the great 


of reclaiming the Mississippi Valley from overflow. 

wo In 1904 Mr. Richardson resigned as Chief Engineer | of Louisiana to 

accept membership on the Mississippi River Commission, for which it 
- was universally conceded that his special experience eminently fitted — 

Majors ( Crittenden’ Dabney, he was a member of he 

Board _to report on the “Rectification of the | Sacramento and San 
a ” He was also on the 


Board for the Drainage of New Orleans, was vas in conference on 
many other engineering projects of magnitude. 
While this memoir is chiefly concerned with Mr. Richardson’s career 
a as a Civil Engineer, it would give but a meager ‘idea. of his character _ 
and influence if no mention were made of the personal traits for | 
which he was beloved by all who had the privilege of I his intimacy, 
which earned him the trust and respect of the community. PE 
Mr. Richardson’s character was one of peculiar modesty and re- 
serve, combined with unusual firmness and courage. He was patient 
and unselfish | to a degree. He was incapable of ‘engaging any 
"struggle for personal | distinction or advantage, and shrank from any 
prominence which was not based on = merit of his work. = He asked 
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‘no favor, ‘nd all his work and fame ‘came the of. 
wl ‘In 1867 , Mr. Richardson married Miss Anna a Howard Farrar, of 


4 ‘Tensas Parish, La., and the union proved to be one of great happiness. — 
‘There were born to them nine children, of whom all but the eldest . 
vive. Of six boys, one is an Associate Member of this _— = 
three others are in engineering employment. 
Mr. Richardson was elected a Member of the Settee: Society of 
Civil Engineers on May 7th, 1879, and served as as a Member of the 


Board of Direction from 1900 to 1902. 
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YORK TUNNEL EXTENSION OF THE 


PE INNS YLVANIA RAILROAD. 


EAST RIVER TUNNELS. 


To BE ‘PresENTED DECEMBER 157TH, 1909. 
_ The minimum plant to be provided by the contractors for 
undertaking was specified | by the Railroad Company as follows: 


“The tunnels : shall be « driven eastward from | shafts in Manhattan 


: and westward from the temporary shaft to be built near East Avenue 
in Long Island City, making a total of eight headings, i in all of 
which work shall be prosecuted simultaneously with the utmost dili- 
gence Contractor must provide on n each side of the 


4 
to meet and unexpected 
_ “The air compressors shall be of sufficient capacity to deliver regu 
larly into each heading at least 300000 cu. ft. of free air hour 
= at a pressure of 50 lb. per sq. in. above 8 normal air pressure, and 
for a larger | amount if found necessary during the progress of the w vork. 
The air for the compressors must be drawn from the « exterior of = 
power- -house, and the intake located. 80 as to give pure air. . The 
shall be cooled, and oil and other impurities removed as 


as practicable before delivering it into the headings. 


NotTs.—These papers are issued before the date set for presentation discussion. 
4 Correspondence is invited from those who cannot be present at the meeting, and may 


be sent by mail to the Secretary. Discussion, either oral or written, will be pub- aan 
lished in a subsequent number of Proceedings, and, when finally closed, the papers, 
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contin- 
‘side of East River and | kept i in good condition a1 and ‘Tepair, Teady for 
immediate use. The capacity of the spare plant shall be 25% of 
that required in the preceding paragraph for Tegular operation. =i bg 
7 “Provision must be made for storing in tanks at each boiler-house 
enough feed water for 12 hours’ supply, unless connections can be > 
‘made with two independent and sufficient sources of supply. 7 
oo “The air shall be delivered into each heading through two > supply 
pipes : of such ‘capacity that the velocity of air through them in regular 
working shall not exceed 40 ‘ft. per sec. These pipes shall be tapped 
a with | regulating valves in each intermediate air chamber tunnels, 
7 and sufficient air admitted to ventilate it and to maintain the Spey dl 
required. If ‘required by the Engineer, air shall be delivere d at the 
8 shield i in each section or or compartment thereof f where men are employed, 
‘and withdrawn therefrom in special exhaust p pipes, with suitable regu- 
“Each supply p pipe shall be furnished with two tees with valves and 


an intermediate va valve in the supply pipe” at ‘some convenient place a 


A foul-air vent pipe, 6 i in. i in diameter, shall be ‘eartied back foam 
‘the shield through each lock bulkhead to. the ordinary atmosphere to 
ventilate the heading, and shall be provided with a 10-in. pressure- 
yen 
‘regulating valve near the shield to maintain the pressure required; the a 
valve shall be placed. so as not to be readily tampered with, 
“Effective means shall be used to secure proper ventilation. The 


amount of carbonic acid at working 4 face | or in any chamber ‘must 


be be run as ‘maintain at all times a ‘change of air through 
the ‘pressure: -regulating valves. Suitable devices shall be used. 
deaden the noise, of the air introduced and exhausted, as. much as 
practicable. When blasting is is resorted | to, special me means must be pro-_ 
"as 
vided for the rapid removal of the fumes produced. 
ee. Bulkheads shall be built in each tunnel at intervals not exceeding 
1000 ft., , and there shall at no time be an interval of more than 
4 000 ft. “between a 1 shield and the bulkhead nearest to it. They shall 
be of concrete or of brick set in Portland cement mortar, or other plan 
approved by the Engineer. bulkhead shall be provided with two 
- air- locks near the the bottom, at at least 6 ft. in diameter and 20 ft. long, 
- for the passage sage of men and materials, one near the roof as an ‘emer- 
gency” lock : for the passage of men only, and a pipe-lock 12 in. in 
diameter and 31 ft. long, with a gate-valve at each end, for passing 


the entire force ‘employed at any time at the heading. 
Stairways and galleries | shall always be maintained ‘to give convenient 
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aa 
— access thereto, All parts of bulkheads and air- locks must he of —_ 


strength to sustain safely a pressure of 55 Ib. persq.in. 


“The pipes necessary for r supply, ventilation, hydraulic and 


two bulkheads shall always in use if compressed aif is used. 


safety screen, extending from the roof downward 
tunnel, of design ‘approved by the Engineer, shall be maintained within 
100 ft. of each working face, and others shall be built at intermediate 
‘points between the working face and the nearest bulkhead, if necessary, 
to maintain a chamber filled with compressed air along the tunnel roof | 
and give access to the emergency lock. The galleries shall extend from 
the safety screen nearest the working face to the first bulkhead. 

“The shields must be of ample strength and of the best. materials, 
must be provided with hydraulic rams of ‘sufficient power to move 
them along the alignment laid down on ‘he ‘plans and profiles, and 
“must have adequate arrangements for the rapid execution of the work 
and for the safety of the men therein. Contractor will 


tion and operation of the shields. 


— “Detailed plans and specifications of the shields, hydraulic presses, — 

fittings, and other appliances must be submitted to the Chief Engineer 

before the construction of the shields i is begun, and must be modified 
7 or amended, if required by him, and then built in. exact accordance 
with the plans in every respect. Such submission of plans to the 
Chief Engineer shall in no way relieve the Contractor from his 

sponsibility for carrying out the work embraced in the contract.” 

These specifications were a a ‘great help to the contractors in = 


also in deciding what plant should be installed. 


The original “plant fulfilled these requirement ts, but e 
4 material overlying the tunnels needed more air than § specified, 


as increased. 


—In select the best air 


the were taken, 
located too far away, indicator cards were ‘submitted for inspection. 
After studying their relative merits, it was decided to adopt the 
- Ingersoll- Rand air moved valve, on account of ‘the larger area and 
free opening for inlet and discharge, and sa reduced clearance spaces. 
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tT ‘his was chosen in preference to other types of inlets, with — dis- 
charge. valves, as a high piston speed was 1 


necessary on account of the 
“limited area for plant: installation at the e dis sposal of the contractor. 


This ¢ choice was amply justified, “especially w when the manufacturers 
replaced “the original: cast-s -steel valves by oil- treated steel forgings, 
which were very successful, and ‘neve rer te replaced during four 


sratior 


One « objection, in addition to the usual ones a advanced, whieh in-— 


the decision against Colin valves was that, 


pressors using such valves, the ‘point: of opening or 


it ought to vary with the final dis 


pressure required in the tunnels and caissons wid. ie engtne-room 
say 


pressures varying from 50 Tb. per 

in. downward, a fixed point 0 cards showing effect of 


“fixed point of inlet for different 
inlet — not desirable air pressures if set for 30 Ib. 
The air which is compressed 
| in ‘the clearance space expands, to 
atmospheric ‘Pressu re before a 


poppet vs valve will lift, but, with 


Corliss va valve es, if the inlet i is set at 
point in the stroke before the 
clearance: air expands to atmos- 
pherie pressure, there i is a puff of 
air outward, and, if the 
inlet “valve does not open until 
after the air in 


taining it at the same point, if the final pressure. should be raised to 7 


50 ‘Tb. or seduced to 10 Tb. Whis i is welll illustrated c on cards taken from > 


electrically-driven Coclies inlet compressors shown later. In most 
 high- speed air compressors fitted with mushroom or poppet. valves, a 


small loop i is evident on the air cards, because a slight vacuum a must be 


present before the inlet valve is drawn inward. 


ment, | the air-moved valves can be set so that there is is ‘no ) loop at a ta 


1187 — 
| 
i 
in et 1S xe — 
— 
low atmosphere, there will be a sudden 
In Fig. 1 is shown a typical air card, 
i 4 
4 
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engine runs at a diff 
‘as w “ill be n later on actual air car 
: In determining the size of units to be selec 


air work, laying out alternative ba mn different si sizes s of 


units, it was found that the mos size the site available 


condensing» type — sup plied by the _Tngersoll- -Rand Company — was S 
with stam cylinder 16 and 34 in. in diameter, and two 


9.3 
ter with : a 42-in. . stroke. - The steam valves 


are of the type with dash- -pots. The ait air- -valves 


a 5000-cu. ft. per min. machine. - The duplex compound Corliss 


are the positiv e, "pneumatically- -operated type Fig. 2), with two 
intake valves, and two discharge valves at each end of the air cylinder. 
Each valve is 7 in. in diameter, giving a clear opening of 13. 9% 
of the cylinder area at each end, which g gives: the air a a speed of 73 
times that. of the piston provided valve Tit f one- quarter of its 
diameter ‘ae -~ seat. At 100 rev. per min. ee piston speed was 
700 ft. pe per min., and the speed of the air through the valves was 5 000 
ft. per min. . It was found that, in order to maintain perfect | indicator 
cards, the valves need not lift the full quarter diameter. a a 
They are all direct-lift valves, each with a central stem coming out 
through the cylinder head onl carrying a piston which works in a small 
cylinder mounted on the head. These cylinders or dash-pots have the 
double funetion of OF perating he valves and of cushioning to prevent 
pounding and noise. ‘The discharge valves are guided in the solid metal - 
valves are guided in sleeves which are integral 


with the inserted valve ce ae all the valves m must seat true, . The 


inlet valve has a . spring- steel ‘ring snapped into a a recess around it, 

ich the valve from being sucked into the cylinder ‘if the 

st break. The valves and appurtenances are ‘interchangeable, 

At the of the air cylinder is mounted a a valve chest which 

a flat seat and a | sliding valve, the stem of which has s on it a . sliding 

connected | by a a rod to vibra ver re 


ating lever which re- 


ng. The 1 motion 


of this | sleeve, therefore, i is ‘coincident in n time and direction with that. 


of the main | piston, but it only 1 moves the | valve rod a ‘a short distance at 


each end of the s stroke, , when a it strikes ¢ adjustable elm on the ‘stem. 


The ports at each end of the ¢ chest are connected to the outer ends « of 
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a 
No air ssure is required when ‘start- 
m ove ed both by the 
ssure accumulates wh hen the 


a 


compressor b are er full control after a few 


air outer of th the inlet. 


aww ait 


| es are opened. the « compressor 
s forward, the slidi pany is brought to a central position by : 


spring, and the a from the valve- -operating -eylin ders 


without ‘moving h ves. the ‘compressor piston reaches the 


: st e sliding salve} is moved again, air is admitted 


other end of it 


to the other ends e ee ve cylinders, and the inlet aliewi are closed. 
Connected wit inn 


er ends of the discharge-valve qs der 
pipes opening into ihe e compressor near, so that, as the c 


piston advances and the pressure rises, the same pressu 
the valve- -operating cylinders, tending to open the This is pre- 
vented by the normal pressure which is on the backs. of ee discharge 


valves until this pressure is overcome by the combined pressure in the a 
compressor cylinder and the valv e-operatin ng cylinders, when the valves | 
saga: air be “— to flow into the dis- 
t and a pipe tapped into 
and, as soon as eo piston or ueds a sas distance, this port is 


the pressure in the valve cylinder is the valve 
is cushioned or steadied i in \ its more by the air in the outer end of ; 
the cylinder. As the n main piston passes on, it covers the pipe opening. ; 
‘and, when ‘the piston reaches the ond of its stroke : and ¢ the sliding valve 
is moved air is admitted to. the valve- operating cylinders and the 
valves are free to close. The pipe > from the chest i is led into the main 
intake to prevent noise from the discharged air. _ 

‘The air used for operating these valves was redueed to shout 
third of the discharge and soi some ne adjustment 


by y the engines | perfectly 
‘Tunning was attained, but, when the adjustment. was made, the valves 
dropped to their seats with practic ally no noise. The inlet valves re-_ 
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| j the compressor, the inlet 
Supposing the compressor to be in full operation and the compressor 
piston at the end of its stroke, 
the action of the sliding valves | 
t 
- 
? 
— 
 » 
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quired about six-tenths of 1%, , and the outlet valves about  three-tents 
of 1%, | or say, in all, We of the total free air compressed to operate | 


‘them, if no leakage « occurred. 


The steam end of the : air, x compressors was s compound Corliss, with 


irip- gear controlled by the gov yvernor on each “cylinder. In to 
soaintain a high economy at speeds varying from 50 to 125 1 rev. per 
the go governor wa was fitted with a variable-speed device composed 

of two ¢ “cast- “iron “saucers with their concave surfaces | facing each 
other; the outer one, driven by a a belt from the ‘main shaft 0 of the 


engine, engages three leather- ‘lined rollers y which i in turn engage the | 

juner saucer, suflicient pressure for friction drive being obtained by 


a spring” on ‘the spindle. 


ith the axis of the three leather- lined ‘rollers at angles es to 


the axis of the saucers, the two “saucers go at the same “speed, but 


“opp posite directions. If the rollers are tilted, s so that they roll on a 


— 


“larger diameter of contact on one saucer than « on the other, a different 
speed will result. - These rollers are held in a triangular 4 frame which 7 
- does not rotate, and it is possible by a hand- wheel to alter the > inelina- 
of the rollers so. that the ‘speed of the governor can be changed. 


‘This allows the engine to run ata variable speed, with the governor | 


floating: in its critical position, 


‘The. steam cylinders and intermediate receiver we were re steam- jacketed, 7 

anda Cochrane steam separator was mounted on the stop- -valve. ‘Steam 

was admitted at a boiler pressure of 150 lb. per sq. in., and the velit 

was carried to condensers at about 26 in. of vacuum. 


‘Table 1 1 gives a fair. idea of the « efficiency of these low- “pressure | units 


for seven compressors on the Manhattan 1 side. From. this it would 

mechanical of the machine 3 is a ‘isle better 


Ona test made for steam the result 14.2 ib. 


steam per i. -h. p. per hour, compressing up 30 Ib. per § sq. in. 

to cover the demand of the specifications for 25% “spare 
plant, a combination machine was designed which could be used dither 

as a high- h-pressure machine for rock drills, or as low- pressure 
machine for tunnel air. It had the same steam end as. the low-pressure 
engines, but ws was ‘fitted with two -pre re cylinders 224 in, in. 
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diameter, and two high-pressure cylinders in. ‘diameter. 
ning ai as a low- pressure machine, with all air cylinders in 


tion, ‘it had a capacity of bs 000 cu. ft. per min., and, if it was: s desired 


be it could 1 568 eu. ft. 
of free air, up to 90 lb., with atmospheric intake, and 6 899 cu. ft. to 


140 Ib., with : an intake pressure of 50 Ib. per sq. in. 

r = = 

TABL E 1. —RE ESTS OF SEVEN. AT 


_ Mechanical efficiency: 


AIR 
CYLINDERS. 


| 


ninute 
power. 
Adiabatic. 


Bfficien 


1es. 
rse power 


N 
a 
mcy: 


Isothermal ho 


Isothermal 


on: 


in inches. 


Number. 


, in incl 


Epgine 


of steam cylinders, 
Diameter 


Cubic feet of free air 
compressed per minute. 


Adiabatic horse 


Relati 


Revolutions per 1 
Volumetric efficiency. 


Indicated horse power. 


= 


Steam, Indicated horse power. 


Indicated horse pow er. 
Air, Indicated horse power, 
_ Air, Indicated horse power 


Air pressure, in pounds. 


in inches. 


Steam: 


| 


16 and 34 
16 and 34 
16 and 34 
16 and 34 
16 and 34 
16 and 34 


16and34/J2| 


| 


a9 29 


Engine No. 7 was operated as a high- “pressure with two 15\-in. cylinders 
in in combination w ith a low-pressure machine. Fig. 4. 


- Although heavily ov erloaded, it was neat to run run these machines 
as independent two- stage | compressors. The low-p v-pressure cylinders, 
; 
_ course, were too small for the most efficient | arrangement of two- -stage, 
and would require a diameter of 263 in., but, by | admitting an an addi- 
tional supply of ; air from the tunnel ¢ compressors to ‘the oe “pressure 
end of the machine, it was possible to get § a very large output from it. 


In Table 1, Engine. No. 7 is the combination m machine, Further 


details of its. performance are shown on Fig 4, operating with a 
low- “pressure compressor as a two- “stage machine. 


Each ¢ air compressor was fitted with a vertical y-pressure after- 
“cooler, 57 in. by 14 6 in., each having 920 sq. ft. of cooling surface, 
“fitted with ti tinned navy- -mixture brass tubes and Tobin. bronze tube 
The air from each compressor was discharged into individual 
 low- ‘pressure air receivers, 4 ft. 6i in. in diameter and 12 ft. high. — 


<a 
— | 
= 
35 | 278.8 | 339) 82.0 | 376m 1% 88.5% | 96 
— 2 3714) 298.0 | 367| 81.5 | 401 | 361.5 | 83% | 90.0% 96 
3 36 262.8 | 321] 81.8 | 349 | 318 | 82.6% | 91.0% 96 
4 (3614 306.0 | 373) 81.7 | 407.5 | 876 81.4% | 92.0% I { 
5 | | 3 314 266.8 | 327| 81.6 | 351 | 318° 84% 90.5% | 96 
6 B24 | 343.6 | 420) 81.8 419 | 82% 92.0% | 96 
060 92 | 640.0 | 744] 86.2 | 865 | 779 | 82.2% | 90.0% 97.2 
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STEAM AND AIR CARDS FOR LO ates OMP 
BOILER GAUGE, 145 LB, VACUUM IN, REVOLUTIONS PER MINY 
ssure 3416 Ib, 


RIVER TUNNELS 


Seale of Spring, 80 
Air Cylinder Low-Pressure Side © 
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“M.ELP, 19.84 Ib 
7 Scale of Spring, 


MELP. 13.0210." 


bag 


reg 
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combination “machines, acting as -pressure compressors 

were also fitted w with a a low-1 “pressure after- cooler which was used 
¥ 7 inter-cooler v when the machine was two- stage, and ‘the air was dis- 
charged into a high- ‘pressure air receiver, 60° in in “diameter and 


‘ft. high, 


In the steam- driven, low-pressure machines, it became 
“necessary at the Long Island © ity y site to e to purchase two low- /-pressure, 
electrically- driven machines. ‘Th hese _ were supplied by the Laidlaw- 
Dunn- Gordon ‘Company. compressor had two air cylinders, 31 
in. in diameter with 42. in. stroke, with x rotative ‘inlet valves of the: 
Ci neinnati type. ‘These were purchased in spite of the objection to 
the Corliss inlet noted previously, as bape were to be used tow ard the 


Horizontal after- 
tached, and the air was ‘discharged into air receivers 12 ft. high and 
4 ft. 6 in, j in diameter. ‘They, were driven by 600- “hp. | W Vestinghouse 
‘Type 440 volts, 3 -phase, “cycles, running at at 300 rev. 
mir with a a rope sheave 5 ft. 2 2 in diameter. Che motors re- 


. each, o s 
and water- receiving current at 11000 and 
transforming it down to 440 volts of 25 y cles, 3-phase. a, 
5 shows the efficiency of | nin 3 from actu 
The great drawback to thes -electrically- -driven air compressors 


is that there is ay of regul ting the volume of air ir discharged, as 


cannot be ch 
the 1e speed of the motor cannot | ec anged. 


‘The method “ f operating them w was to open: them out on two 


r combined capacity, § 7 


olen: the pore of air by means of one of ‘the steam n engine 


s Tl 

worked very well and ‘gave 1 no o anxiety, and w without the them | one or 


‘stand- -by ‘highs -pressure » machines, when the combina 


nes -pressure- duty, two Class 


| simple, steam, two- stage air compressors were pure 


sin 


am n cylinders 16 in, in diameter, and air 


120 


and a capacity of 1 


ninute for each ‘machine, for the Manhattan site. 


‘SI, 


— 

| 
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Ingersoll-Rand, 
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f ree air per | q 


{ACTORS 


CONTI 


2644 x 42 L.P.Air Cylinder 
lb. Dise harge/Préssure-~_ 


/ 


MEP. = 43.4 Ib.° 
_-~ Spring =60 
Horse-Power = 164 


MEP.=195 tb: 


a poring Ib. 


sslaishiia HIGH-PRESSURE COMPRESSOR WORKING TOGETHER 


Initial 


Theoretical Horse-Power Required to 
Comprens 100 Cu.Ft.of Air to 
Theoretical Horse Power Required to owegls, 
Compress 100 Cu.Ft.of Airto 


—_ 


0 Abs. 


92 lb.Discharge Pressure 


92 lb.Discharge 
Pressure 


2814 Ib. 
Pressure _ 


14.7 1b, Atmospheric 
Pressure 


1? 
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On the Long Island City side, where not so ‘much rock was en- 


countered, while the combination machine likely 1 to be used on 


pressure duty, one Imperial Ingersoll-Rand, simple, steam, 


two-stage air ‘compressor. was, purchased, w ith two steam cylinders 16 


in diameter, and air cylinders 15 and 25 in. diameter 20-in. 
- stroke, and : steam and air pressure of 100 Ib. per sq. in., with a capacity 


1700 cu. ft. of free air per minute. 


ELECTRICALLY-DRIVEN AIR COMPRESSORS 


No, Laidlaw. -Dunn- Gordon, Duplex, ‘Electrically-Operate d, 
Re ype- -Driv en Compressor. Westinghouse Type, C.C.L. Motor, 
Oh. h.p., Three- phase, 25 Cy cles,300 Rev. per Min. 400 Volts. 


— 


> 


a 


Mechanical Efficie ney —= Horse Power 


Efficiency — Indicated Horse Power 
4 Electrical Horse Power 
Motor Efficiency 92¢ from one-half to Full Load — 
Average Volumetric Efficiency, 
Revolutions of Compressor per Minute=75_ 
of Cylinders=31 in.; Stroke, 42 i in. 
For starting up the headings at the East Av enue site, two  Inger- 


soll, straight-line air compressors were with steam eglinde: 


18 in. in diameter, air cylinders — in. in diameter and 2-ft. stroke 


wel 94 rev. per min., with and a of 90 Ib., | had 
656 cu. ft. of free 
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INDICATOR DIAGRAMS 
FROM NO. 2 LAIDLAW ELECTRIC COMPRESSOR, i 
LONG ISLAND CITY POWER-HOUSE. 
AIR PRESSURE, 38 LB. 


SCALE OF SPRING, 10 


SCALE OF SPRING, 30 


PRESSURE, 


27.75 
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there were ultimately two electrically-driven air 


a the Long Island side, and six low-r -pressure machines and one com- 


oe machine | on . each side of the r river, and as these machines w were 7 


- guaranteed to run at 125 rev. | per min. continuously for 24 hours, ~al 


~ maximum free air capacity of all the machines, including the high- 
pressure Compressors, amounted to 102 922 cu. cu. ft. per min. A 
: view ¢ of the Manhattan plant i is shown on Fig. 1, Plate XCVIII. ee a 


Boiler ‘Plant. —Steam at a a boiler ‘Dressure of 150 lb. was generated 


in twelve Stirling water-tube boilers, ‘six on each side of the river, 
each having a capacity of 500 b.h.p, .p, with 10: sq. 1. ft. of heating surface 
per horse power, and 3 sq ‘sq. . ft. of grate surface per horse power. The 
grates were 8 ft. deep. Each boiler had three steam drums, 42. in. in 
diameter and 16 ft. sity in long, and one mud drum, 42 in. in diameter 


and - 15 ft. 10 | in, long. A manhole \ was fixed in one end of each drum. - 


4 tube plates were in. thick. 


Each boiler had 405 lap- -welded, mild-steel tubes, 34 in. in 1 diameter, 


‘expanded into reamed holes i in ‘the tube | plates . The s steam outlet was 
Safety 

valy es, 44 in. in diameter, were set to ies off at 155 Ib. per sq. in. ; 

Hydraulic- -turbine tube cleaners were supplied with the boilers 

were found to work much more ‘efficiently with high- -pressure air 


— 


‘than with high-pressure water. 


The ‘grates were of ‘the MeClave shaking variety. ‘Each 


upied a a space 19 ft. 94 in in. . wide and 18 ft. 3 in, deep, with a a height 
fi. 
ou 
The brickwork was of high- grade fire- fire-brick, 9 in, thick 


putting the boilers under steam, ‘they w 


an independent ‘steel stack, 54 in. diameter, 


rising to a height of 100 ft. abov The thickness of 
the metal varied from in, for the | to tei 
No. plates at the e top. 


water per pound 
4 of par havi raving a of less ‘than an 12 000 B. t. u., and not 


ash-pit of not than 2 in. a draft at the damper box of 
in. This was to be with either, No. 1 or No. 2 


buckwheat anthracite coal. In testing the boilers, they were 


than 15% from and at 212° Fahr., with a pressure the 
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1,200 Ib. per ft.| 


tings to be of Hard Red Brick 
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400 Ib. per ft. 
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general arrangement of ‘these boilers. 


, before finally ‘deciding on the whole on 


exceed this The outline ‘Plate XCLX 


the indicated horse power 2 would | be 


Pounds of steam 
orse power-hour. 
_ Air compressors f 
Hydraulic, 6 000 lb. pressure..... 4 
Hydraulic, 1 000 Ib. pressure | 


On the basis of 8 8 Ib. water evaporated per pound of coal, this 

7 would represent 8500 Ib. of coal pe per hour. Assuming 4 Ib. of coal per — 


boiler horse power, the capacity would be 2125 + (25% spare ead : 


= 656; ‘say, five boilers at 500 h.p., or 2 500 b.h. 
As a cheek. on this, sq. ft. heating surface will give 1 uh. 


easily. At ¢ sea, with ‘forced draft, , it has: been done on 2 sq. a. ft, but 


say 5, for easy steaming; the heating surface 107 i. ch. ichp. 


= 20 535 sq. ft; taking 10 a. ft. per boiler horse power 2.053 bh. 
- or four units of 500 b. hp. and one spare, , making five of 500 b.h.p. 7 


Ultimately, it became necessary increase the compressor and b 


sixth boiler was added on each side of the 1 river. ven 
-Draft A Lpparatus.—Boilers with ash-- 
pits into ‘entered, for each two 12 by -in. air 
t 3 3 ft. 3 in, by 3 ft. 10 in, T wo Buffalo. Forge Company’s 
ans for each plant of five boilers, and another fan 
added for the sixth boiler. _ Each fan was 6 ft. 6 in. in diameter, 30 in. 
vide at the periphery, 39 in, . wide at. the center, and had eight blades, 
by a direct- 7 by 8-in., vertical engine e above. the : shaft. 
The gn guaranty of the fans is shown in Table 3. BO ope 


The fans ‘were controlled by regulating valves on the pipes 


‘these opened when the steam | pressure fell, and allowed the fans to 


_ In addition | to the tw welve Stirling boilers, there were on the works : 


6 
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— the river, — 
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at East Avenue, for driving the headings, Baller Works 100- the 


per minute. ounces. horse power er. 


The steam per indicated horse-power was not to exceed 40 


These boilers were for supplying steam ‘the straight- -line 


compressors: already described, and also for diving a fan e | engine for 
aa - ventilation, as well as the pumps in in the shaft, and the steam derricks. 
re of the locomotive t type, with a a grate 60 in. 


168 in 
Jong and 54 in. wide, and had 88 88 tubes, 3 in in. in “diameter and 168 7 


, giving a a heating si surface of 1 094 ‘sq. a. ft. eee boiler had an in- 


‘dependent smokestack, 30 ‘in, in diameter, and 46 ‘ft. t. high. 


90 Ib. Other sm boilers on n the different « sites were for steam. 


rricks and heatin ur oses. 
g purp cll 


Steam ‘Pipes. —An 8-in. steam pipe led fr rom n each boiler 


12-in, header e each end of which joined a 10-4 in 7 


0-in. line led around the 


For each compressor a 6-in, bran neh w as take 
header, and, | on one side of ‘the 6-1 -in. a 


placed i in the nd a 6-in. e-valve on the branch Gate-v 


were also” . placed on one side of each 8-in. boiler branch i in . the 1 main 
12-in. header. In this way, if a joint gave out ‘anywhere, it was s always’ 


possible to repair it ‘after shutting | down only one boiler or or one o 


compressor, 


Independent loops: were on the steam lines for supplying 
electric generators, hydraulic pumps, and the auxiliary “machinery. 


Expansion joints w were formed by ea easy loops in ‘the main in headers, 


into a 


-. he steam pipes were supplied and paneer by the Pittsburgh: Valve 
and Foundry Company. : This company also ‘fitted the exhaust-s steam, 


‘compressed-a -air and water piping, w hich w vill be described later, as well 

as 1s the oiling arrangements. 
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E was fitted with an 


the would in n the pressure the 

bom less. wary that in the main pipe. This type of 
n-head valve was first adopted in battleship construc- 


t of t the danger ws a boiler being pierced by a shell, and = 
n boiler plants. 


7 


4 - Circ. Water Box 


5-Cire.Water Bonnet 


AND 6- Support Plate 
PACKING - Baffle Plate 


YL 


10- Ferrules: 


Jondensers. —Six Wheeler condensers, Fig. 7, were purchased, cal - 


00 s sq. ft. of ‘cooling surface. ‘Each condenser had 1300 in. 
naval composition, namely, 10% of copper, 29% - zine, pare 


The of the cast iron. Each con- 
riven, suction, 
air-pump, Fig. 8, having a 7-in. steam and an 18-in. air 
cylinder of 12-in, . stroke. They were of double fiy- -wheel type, 
single- acting, and. ‘dispensing with all suction: valves, 
= Each condenser and pump was NES to be of ample cay capacity. 
to maintain a vacuum of 27 in. when each unit was caring for 25 000 
lb. of ‘steam per hour, quantity of circulating water 


at 60° Fahr., and 30-in, barometer. Each air- pump | was, guaranteed to 
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use m not more than 10 bp. ., and to consume not more than 60 Ib. - of 7 


steam 


Inco computing the capacity of the condensers necessary for handling © 


_ the plant, it was assumed that each square foot of surface would take © 


eare of 10 Ib. of steam per hour, and, the from five 


boilers amounts 000° Ib. steam, ‘three con iden sers 


ENLARGED SECTION 
THROUGH VALVE 


surface. _ it was decided to install three condenser 


’ 
— ; 
: at 
— 
> 
Ja 
— 4 
4 
— 
purpose of maintaining a vacuum of 26 in. his 7 
eg In the event, however, of the condensers going out of action or | 
ee +" _ being flooded with steam, and the pressure rising above that of the _ 
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atmosphere, re, two. 18-i -in. 1. atmospheric ‘relief fv abv: es 
exhaust steam could pass to the — 


Bach air compressor had a -in. exhaust which ‘with the 


main exhaust hee ader. ‘The: header ws as 20 


expansion joint. It connected with ¢ condenser by an easy 


vend through a 20-1 in. gate- valve, and reduced from 20 in. to 18. ‘and 
4 in. at eae +h end of the power-house, the condensers being loc: ated at 


On account of the East River water being used for circulating 
purposes for the conde nsers, from past experience es through the 
failure of condenser tubes by electrolytic or chemical action, ‘it was 
dee ided to protect each condenser tube with a a . ferrule of zine, 80 that 
‘the: zinc could be attacked in to the tubes. 
-prae tice is to suspe nd sheets of 
denser, but ferrules of : zine 01 
supplied by the W heeler Condenser 
can be pl: aced in each tube where the water 
enters, and are effective. So effe etive 
we re these i in neutralizing all corrosion that 
out of 7 800 tubes only 75. were replaced in re. & 


Coal Handling Plant. -On the Manhattan side, coal was unloaded — 
from coal se yws by a. ansome digger, dumped into. 4- yd., , steel, side- 
tip ears, standing ona weigh- bridge, and hauled along g the upper stag- 


ing by a small s steam locomotive and dumped i in ‘the + 
On the Long Island side, » it was En to es in a more econom- 


bac clam-s she ui and dumped into a anes from which it we as shot into 


caught underneath on by a hook on a moving chain, and 
Bi awn up an incline, from the top of which it ran by gravity into — 7 


point andthe cost dumped, 


“The ear continued to move freely after dumping, and, passing over 


a pair of points at the end of the b bunker, ‘Tan up a sharp in incline, which — 


it to. t and r reversed the. dir ction; it. ‘then returned down 


side road on a down grade t to the weigh-b bride, oe 
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_ of 600 tons per week, wa as erected on the | Long Island City side, , and 


A bunker with a “capacity for 6 weeks’ coal supply, on the sie 


sks’ 
supply was s put bunkers consisted f heavy timbers with x 


tie- rods : and diagonal bracing. ‘The he bottom of the bunkers was on the 
level of the firing floor, and while the bunkers were well filled the coal — 

slid down on its ‘natural slope t to chutes within reach of the 
men, who fired by hand. . When the e supply got short, it was necessary 
to wheel the ¢ coal to the firemen in barrows. There is no > doubt that 

mechanica 

and of ‘coal consumption, but 1 the initial expense w was too great 

plant. 


pits and 

opposite the center boiler, the elevator raising them toa hopper du 

the upper ‘staging, where they were e shot into the yd. “coal cars and 


dumped into scows. 


a ‘Ont the e Long Island s side, hein the firing floor was wider, a 


track was laid, and the ashes were loaded into 24- -cu. ‘ft, ‘side- -dump, 


steel cars, and hauled up an incline on the dock, wh here | they could be > 


dumped either into scows or cars. 


W hen the boilers were being forced, ito was a serious operation to. 


remove the ashes from the ash-pits, and o on ‘several oceasions, while. 


the: tunnels making t their ‘bigest demand for air, they were 
all It was 


as very ‘situation, “after: this ‘experience, * be well, 


n future to mount boilers of this sine high enough so that the ashes 


4 


“dumped i into. a hopper | below without any danger of ‘burning 


coal 


ons per ok = This i is s equivalent to 17 Ib. per sq. ft. of grate 7: 


hour for five boilers. to. ‘the records kept, the 


rage consumption was 2.8 Ib. of coal per ihp. er per hour for an 
Pesach The coal used on the Long” Island side was No. 2 buck- 


wheat; on the Manhattan side, where a greater demand was made on 


the plant, No. 1 bu ckwheat was used. 


ival wa s tested for its quality ry ‘sifting it nou 


per 
sq. 
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| stal 
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standard screens. No. 1 screen had 24 meshes p ‘per. lin. in. or 64 meshes 
per og. in. No. 2 screen had 2.84 meshes per lin. in., or 8 meshes p per 
sq. in.; No. 3 screen had 8 meshes per lin. in., or 64 meshes per sq. in. 
The class of coal supplied did not seem to be according to any fixed | 


standard, nor could the coal merchants be persuaded to specify» what 
92 


Ww meant. the different grades, named No. 1, No. , and No. 3 


buckwheat. 


No. 1 buckwheat weighed generally 52 Ib. per ft . wet, and 49 


cry, retaining 0% on ‘No. 1 sereen, 15% on 1 No. 2 2 sereen, and 1 11% — 


No. 8 ser screen, en, with 4% dust. This fell as low as as 65% on No. 1, ‘and — 


the dust rose as high as 9 per cent. 


No. 2 buckwheat generally retained 8% No. 1 sereen, 23% 0 on 
No. 2, and 65% on No. 3 3, , with 4% of dust. At times it fell as low : as 


nothing on No. 1 screen, and 10% of dust. 


Calorific values were also taken, and generally showed from 11 500 - 


to 12900 B.t.u., with ‘ash varying from 13 to 20 per cer cent. The a ashes ai 


weighed about 46 Ib. per cu. ft. wet, and 37 7 Ib. per cu. r cu. ft. dry. ‘The 


actual ash from the boilers was generally from 20% , to as high a as 30% 


with a combination of poor coal and inefficient firemen. 


condensed water, after being drawn from the con- 


denser by the air- pump, was discharged into the hot well ; at the general 7 


temperature of about 105°, or equivalent. to a vacuum of about 27 in. , 


A pump, of the duplex j piston type, Th by 7 by 12 in. with a stand- by 
of the same size, was controlled ed by a float ‘in the hot well to discharge 
densed_ water ‘into the feed- -water heater 


the con 
plant through a 6-i in. pipe. 


feed heaters—which were purchased before. oil 


“ators were > decided « on—Ww ere of the Cochrane open type, ‘the 


water, after being purified, chad passed | through the colle of. the closed 


feed heater with the exhaust seeumn passing « outside them, but, as it was” 


“necessary to extract all the oil from the condensed steam, and as the 


Cochrane heaters were already on ground, were ‘installed 


between the hot well and the oil separator, that. the: oil fr 


auxiliaries might also be removed. 

Separators.—The feed- -we vater "purifying and oil-s separating 
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steam from the auxiliaries passing into 1t and coming 1n ¢ 1rect con- 
al taet with the hot-well water. It would have made a better arrange- 
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was a combination of the Masson- meigd purifier, F ‘ig. 10, with t 


son autor 


natic self- -cleansing fi 


‘The principle the is treat the oily water 
well with | alumina -ferric, ‘that the ‘separated 


from the water, , and, at the san ne, water is treated with ‘such 


chemicals as may be necessary f of scale which. might 
eumul: ate from the e-up Teed. of two 


le: lined mi tanks, in of w was dis- 


nd i othe Fro rom this: tank the was 


OIL-SEPARATING PLANT 


7 


Pump 


Feed 


he 
2 
3 

= 
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a he hot- -we ell water discharged into the chemical- -r¢ regulating tank, 


had three compartments. the first compartment alumina 

“ferric flowed, in the se cond a mixture of soda ash, and in the third 


the hot-well. ws ater. A float in the third compartment controlled the 
outlets: of the other two. Tf there was a large flow of hot- -well water, 
the level rose and the float regulated the « quantity of alumina- ferric | 
and soda ash, which. flowed with | the hot- well water into a mixing 
trough, fitted with diaphragm plates in order that the ingredients in 
the water be thoroughly mixed ed hefore entering the reaction 
diaphragms. 


under the water 
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water slow wi ‘under over the ily matter ros TO 


Low time to tin 


os ng valve and into the sand ‘fier, which w 


each 1 capable of taking care of 4.000 
€ 


SECTIONAL 
SIDE ELEVATION 
(OF FILTER 


Filter, 


in. cand 0 on top. After ‘the passed 


itv was absolutely clear, at i ing it! le eft ita 
rti 


in pas 
filtering: n becor silt p by the impurities: 
fro 


om the wate ventin th water through the 


_ 
— 
d flowed through a re ot 4 
in two distinct parts, 
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——_ — h-T: 4 
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The filter, which was built up on grids, 
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lies and causing it to accumulate until it reaches a certain level 
where it overflows a siphon which draws into a float chamber under- 
~ neath a sufficient quantity of the water to raise a float. - By means of 
chain connections with the float, the inlet and outlet valves are closed, 
and a large 1 flushing tank ov erhead | is opened, so that water in great 
volume ‘is discharged under ‘the bottom o the ‘filter and “upward 


‘through | the filtering medium Th he air in the pipes and i in the. cellular 

bottom | beneath t the filter bed is fo forced ‘through the filtering medium 

by the down- -rush of the water, and and agitates it, and, being” 


followed by the upward rising water, the Ww whole filter i is cleansed. The 


above the medium rises rapidly, and a larger siphon goes 


“operation and carries ‘the foul water ‘to the sewer; the float 


ber, empty after ‘the rush of of water over, allows ‘the float all 


and resume ‘operations. to prevent sand from being ¢ car- 


rat- board along the front of the filter r 


it is sufficiently below the uadede of 
1 


“filter, th 
‘rom being carried off. The f 


then passes into the 


Dr. J. W. Schle; of Elmhurst, that 
alumina-ferric—more properly called iron alum—is a double 
of potassium and iron, viz. so, Fe, (sO, ) 3+ 24H.0. This acts 
as ‘a powerful a: astringent coagulant, ‘causes the 
to 10 coalesce and rise to the surface. The addition of carbonate of “ee 7 
if in Jarge quantities, produces the following ‘reaction: K, SO, Fe 


(SO,), 4 + 3Na CO, + = 2F e (OW), + K, ‘SO, + 3Na, SO, 


+ 300, » resulting in a voluminous gelatinous precipitate of ie | 


hydroxide e enclosing or or forming a nucleus for the oil globules and thus 


If the chemical ‘strength of the mixture is the proper 


action takes place and the water | ‘filters clear. . Should the make-u 


water not be e sufficiently hard, that i is, should it not have sufficient salts 
of lime to make a proper reaction, a little soda can be added. As the 
soda gives an alkaline reaction and the alumina- ferric ‘gives an acid 
reaction, the quantities of each must be arranged £0 that the result is 
neutral This ¢ an be the of 
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employed on ‘the works, and only a few tubes in the twelve boilers hel 


‘The w water in the e feed tank generally stood at a temperature of E> 
oile 


about 165 or 170 “degrees. From the ‘tank i ‘it was taken by the b 

eed s, whieh were of the ‘duplex type, 12 T by 12-in. outside-_ 
cked, “made | by ‘the Buffalo. Forge Company ny. ‘There were 


for reach plant, an and one pump could take care 0 of the water. There 


re off 


steam. The boilers were e fitted with Reliance gauge | columns, which 


had a float, and, if. the water in the @ boilers ros rose too high or or fell t too — 


low, whistle blew to warn te water tender. Each boiler was” also 


"fitted wit with “Murray's a automatic feed regulator, consisting of a “copper 
float i n a cast- iron box connected at top p and bottom to water 
the evel fell below normal, small needle ‘steam: valve 


feed valve “against the pressure of of a “When the 


we were a ‘capacity for 24 hours’ 


supply, whic h req mired (65 000 ) gal. take care o of -make- -up feed, 


han 
power, g, ’s rooms, and sanitation. On the Long 


Island edar tank: 21 ft. diameter ft. deep, were 
ned 


n di 
ameter, hore as not room 


sufficient: capacity to keep the plant 
7 


running without the condensed steam and using it for the 


boiler feed, a capacity of 300 000° additional would hav 


general oiling system the power-house was with 
rate tanks for cylinder oil ; aa engine oil in the roof of i ha ild- - 


ing, to which the oil was pump — under pressure and flowed through : 
-sight-feed lubricators to the different parts of the machinery. The oil 


that ¥ was saved was ‘filtered and pumped hack into the tanks, For. ‘the 


air ¢ cylinder, lubroline oil was used, to commence with. This oil has a 

low flash point; v viz., 412° ° Fahr, , and, after the e1 engine- room air pres- 

ee reached about 38 lb., light clouds of smoke formed in 1 the tunnels: : 
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Charles Tacobs, s, M. Am. Soc. ©. E., consulted about 
that cheese- cloth be put over the ends of the dis- 
charge pipes in the tunnels to observe whether : the mist w was due. to” 
the oil, in a few moments ‘the cheese-cloth became black. 
Tt was observed that, if this oil was. dropped on the ‘outside of the 
_ hot-air cylinders, it went off into smoke, ‘and the right- ‘hand high- ‘pres- 
sure cylinder of the combination machine at Manhattan exploded 


. pulling down the air piping, with it. 4 This was , thought t to be due t 


=o spark ‘created by friction i in ‘the cylinder igniting the vapor caused by 

_ the low- flash ‘oil. Expert adv ice was obtained, through the Ingersoll | 
Company, which called i in P rofessor Denton, of Stevens, Institute, and 
advocated the adoption of a heavier oil. An oil named 
Vacuum Oil Company “600 W Mineral” ‘oil, with 2 a flash point of 700° 
Fahr., was then used, and from that time until the end of the work 
trouble was experienced ; but great care was taken to the 
°c quantity required, which 1 was small, and a careful examina- ‘ 
tion of the air passages, made since -the work was completed, showed 
only a very slight deposit of carbon from the heavy oil. Examinations 
were m made for this purpose during operation, and the large mushroom- 


valves” showed a deposit of about 1, dos around their ‘edges, but else- 


where thi the de w as neg giigib e. 


Circulating | W ater. —The ater | the condensers, 


jackets, and after- coolers « of the air compressors was drawn from the 
On each side of the river was laid one 18-in. cast- -iron 
suetion line having a continuous- -service foot-valve and a screen which © 
could be raised and cleared without stopping the pumps. This 18- 
pipe was connec ‘ted by two 10- in. branches with the centrifug als in 
the power-house used for the condensers. In : ad lition, there was also 
1 strainer for the « 
r and supply entrifugal pump which joined 


discharge from the the pumps ear 


homers ce ntrifugals, of which there were e two 0 on 1 each ‘side, | 


Talo pumps, able to we 


friction. Ea ch pump | was direct- -connected to a double- -ver-— 


tical 7 or 5 aj louble- acting | engine of the enclosed ty] 


1 


raranteed to « dise harge 3.000 eal. per min. at 350 rev 
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an impeller 30 j in. in dia diameter, and to consume not more than 40 lb. 
steam per ih. a d 
These pumps dendamaiid into a 16- in. cast-iron line, having a iH -in. 
eonnection to each condenser. For taking care of ‘the jackets: and 
-after- coolers, centrifugal pump having a capacity of 1000 gal. 
was fitted on ¢ site. These were driven by 5 by 4-in. 
vertical, double- acting engines, were ‘guaranteed to work | 
against a a head of 40 ft. with an 8-in, suction. and. discharge. 
indicated | horse power w: 17, 3 giving an efficiency “of 60% at at 500 rev. 
‘per min, ‘The guaranteed steam consumption was 43 Ib. per ihy 
All saialiaian were of bronze, and the shafting was of Tobin bronze. 
10-1 in. cast iron main we taken from ‘the circulating pump, 
branched ‘off to each compressor, with 33-i -in. supply | pipes to the coolers = 
and 2-in. supply p pipes to the low-pressure ¢ cylinders. The combination 


low- was fitted with 1}- in, and the high-pressure with in. 
supply. All d discharges from the - jackets and coolers were visible, and a 
fell into funnel | waste pipes 4 in. larger in diameter than the — 


> The city water ‘supply from the cedar tanks was satestii to the 


_ power- -house in a 33- “in, pipe, and ‘this was connected as an eme rgency 
feed and for make- feed, also as emergency coolers and 
priming centrifugal pumps. The discharge | pipe from the feed pumps: 
was 6 in. in diameter, branching to each check- ralve with a 24- in, 
pipe. Each feed line w: > was fitted v with a a 24. in. sa safety VE alve, and with | 
i}- in. connections for the use of the hydr aulic tube cleaners, ete. | 
-Pressure Drains. .—All drainas age points” in ‘the high- -pressure 
steam mains and steam sep: rators: were connected to the Holly gravity 
return s yste m, designed by W estinghouse, Church, Kerr, and Com- 
pany, and shown typically on Fig. 12, which has at its low point a 
receiver, down into which the drain pipes le ad. At an chevetion:: of 
bout 30 30 ft. . above the boiler water line, | there was placed a di scharge 
chamber with which the receiver 


boiler temperature. ?P ressure in the discharge was sustained 
by way of the riser pipe, the ‘upward movement of steam raising the 
water. of condensation by entrainment, and with a _ pressure 
few pounds, 


— 
— 
— i 
— 
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me discharge : chamber was vented for the purpose of clearing the 


air and sarangi the lew action more re active, 


feed- 


‘whole system operated contin dependence 


wen operating elements s subject to 


‘Le ow-pressure drains were dealt with by steam traps discharging to 
Air intakes on the Long ‘side consisted 
of an independent 18-in. vertical galvanized pipe for each of the 
cylinders. Each pipe rose above the power- house roof, end was 
> 


crowned with a conical top above a wire screen. 


and a vertical intake, 2 ft. 6 ft. 6 in., at west end of 
_ the power- -house, and a 4 ft. 6 in. by 2 -ft. intake at. “ southeast corner 
"rose above the roof, and turned over with a slight downward bend to. 


prevent from entering; the opening ‘screened with wire 


The 


‘consisted of ‘two easy 12 -in. bends from each 


to the a after- with a a 
and it about one-t third of the way way up, the air flowing d down, 


and oil the -after- cooler had failed to 


The outlets from the air receivers were. 10 in. in diameter, and led 


roo to a four-way manifold with a a 10-i -in. . sluice- valve on each branch, ¢ con- 


necting with a tee to ‘the four in. air lines, one for each tunnel. 


‘This made it possible for each ¢ compressor to discharge into any or 


all of. the four tunnels, and each tunnel to have a any or all of ‘the 


compressors s discharge into it. Four 10-in. air lines, « each with two tees 
and three valves for a by- pass, as ‘specified, led from the power-house 
into the yard, two going down each shaft. = _ They were cross- -connected 


at the bottom of the shaft, with a “sluice- valve between, and one 10-in. 
‘main entered each tunnel where it branched off into 8-i in. 
an 8-in. 1. sluice- valve outside each : air- -tight bulkhead. Inside the 


bulkhead, an another 8- in. valve was fitted, and ‘bevond it non- -return 
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Y RETURN SYSTEM mes 
TYPICAL ARRANGEMENT A\ AND STARTING DIRECTIONS 


= 30 ft. from Water 
S| Line of Boilers, 


Riser Line 


Feed - 
Water 


Lubricator () 


Horizontal 
Swing Check-V, 


* 


HLS. Check-V. ff 


Open return es, A,at boilers under steam. Qpen regulating valve, B,slightly. 
Open valve, Z, in raiser line. Open all valves in drip linesto receiver, 
Open starting valve, C, until steam blows through, then close, The system is then 
in operation, When plant is not under steam, open valves, C. 


Riser Line, No. 5 
d Return Line, No. 6 
Vent No, ‘ee 


e 
in. 
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with vaives y were provided f 


8-in. 


ht non- return flap-ve were At 


original carried out, 


3 Was con 


that 
hee by ca 
e effective ly dealt t wit 


hods by leak : face. . The 1 10-in. air mail 


pipe, wi tra flanges. 1e bends an were of. 
lines were lap velde light- -see 


ints, ma 


Ps in. thick. 


‘the compre air, as they were mue ich 


flange 


iia bn “the two 10-11 in. ‘ines, 


ines were se tees to the to that 


ad at the be ek 


vertic a pipe we 


For contain 


pressure 


a branch w wi th ar ccording gauge was Tees gauges 


in the power- einai were fend on a gauge- board along ‘with recordin ng 

pressure gauges from each air line, and one mereury gauge on a mani- 

fold asa check. The engineer was given the required pressures for 
each tunnel, » and, , when it was advisable’ to 1 regulate 

aecording to the a se thedule showing ‘the | hourly pressure was used, 
and af Silvertown electrical tide g gauge, controlled by a float in the 


river, was fixed on the gauge- -board i in the power- -house, : 


¥ 


and in the 
we. supplementary dial wes placed on the tide gauge 
show the minimum safe pressure at any tide level; die 


lowest hydrost: athe head 


to the top of the tunneh ee 

The power- “house engincer was able to control the tunne 


] pressure 


eads, 8-1 ssure, ie 
in for cont | of tl 
h main for y end of tl 
1e a € t 

the | the air f 30 that low-out li of 
= whe rubber pipe h than ei | 
— sam _was muc 

7, about 1and uble which = 

2. ow, nt for hanc at of troubl 
— “convenient he sta on aeccoun shaft on 
r than the an side, s in the 
lighter ie Manhatte 10-in. lines in | 
On the of the 10-in of the 
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ily | 
‘result from 


1e 
lower pressure in the power-l 


than 
~ but, in that it event , the tele phone » sys stem was so ¢ 


keep in touch with the 


se 


complet 
neer co cA will 


heading were connected with ¢ 


alking boss. ' to 
main -switch- boards the off 


er- house, 1 it was to 
with the men in the heading connee- 


Ww 
the 1 


which had to each powe 


tion with the city tele phones. 


of free air per minute was 
f 35 lb. per ‘sq. an actual volume 
of 6.000 ft. of air at a of more than 8 500 


per min. through two 8-in. pipes. Such a 1 speed involved great felation 


— loss, amounting to to as “much as from m 10 to 15 1 Ib., de pending on the a 


uct oted. During “plows” r¢ requir ing such quanti- 


At times as much as 20 000 cu. ft. 


into one tunnel at 


mad 


a pre essure 


length of tunnel constr 

ties of air, the power-house engineers forced their machinery to the 


utmost in the thei ende avor to hold the pressure in the tunnel to the 


schedule.’ a On these occasions they were surprised to receive orders to | 


reduce _ the power house pressure gr adually, and more still 


t fall when the com 


find that the tunnel did not 


— 

the 


pumpec tunnel | would 


more air 
ake with be quite 


1 a tunnel, “the 
improving the pressure. | This will appear to b 


ain limits, after a little thought. 


eal, within ¢ cert: 
High- Pressure Asr.—Hiah- pressure air 


Distribution of rock 
drills, wine hes, ¢ hammers, grout pans, ete. Was ed from 


‘the high pressure air receiver by 
7 
shaft. A 4-in. main Ted from the 6- in. pipe along each tunnel, and 
T-< -connections we ere 


put in at suitable intervals | along the tunnel, for 
caulking, grouting, 


ete. No: reheating was attempted. The were 


» the 


a 6- in, main which Ted down 


ste tandard, ap-welded, with fi ange connections, 
x the shields 


_ Hydraulic Pr Pressure. e—Hydra 

w as supplied at 6000 Ib. p 

@t 000 Ib. per sq. in. was used. 


ulie for shovir 


‘The engines adopte 


per sq. in. ., and , for the ere ctors, a pressure a 


for developing 


this pressure were of the cross- compound, steam, differential, water ty pe, 


built by the 


ders, and 18-in. : 2 and 1; 8-in. . differential rams. 


annett W alker - Company, with: 14 and 24- -in. n. steam eylin- 


,and 18-in. s stroke. 
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These pu a bole cu. in. at Ib. sq. in. 


‘connecting bearing on cross-head gudgeon pins, passed 


over oe ng of the 113 -in. ram to the ont pelea side of the 


— one suction valve -— one discharge valve for each pair r of 


‘ential action, ‘they required same on ok: ‘stroke ‘and 


The number of engines and the capacity ware computed on the 


assumption ‘that the full 24- ft. ‘stroke of 27 jacks, 9 in. ‘in on 
shi shields, with 10% | leakage, would be in 
to 7 600 cu. in. of water per 1 minute. 


just twice ‘the 


placing a ring of iron were calculated. ‘The erector, having an -in. 


piston on an 83 ‘in, with | 


for pl 
stroke of 6 ft. 2 compl 


3 “shield, with 10% added for leakage, that the whole ring 


could be > placed in 3 hour, amounted to 2020 eu. in. of water, and, | 


with: the fo four shields, 8 064 eu. in 
was decided 


therefore, to purchase three ‘Tannett Walker en- 

gines, as deseribed above, two of ‘them being “used for high — 


ment of 7 and one being used for low pressure with a capacity of 


The high- consisted of thin 


to 6500 Ib. per sq. in. ng to 


_ From | each of the three engines on eac ch s side of the river a 14-in. 


4 
“pipe, having a _ serew- down stop-valve, was joi ined to a manifold with 


pressure, making 80 rev. per izontal center line, which passed 
— wo piston rods on the hor and its casing, and were 
piston ha he 2-in. hydraulic plunger and its casing 
on either side of the 
— 
a 
— 
draulic 
“Rape, built up of 
= 
— 


YoCylinder 


et 


» 


“7 


ny 


ot 


all Gun Metal 


ra 


Heads of bolts 
to be 
across corners 


Exhaust 
PLA 


except 


Handle and Stu 


= 


Wo 


ds. 


ca 


| 


FEGMENT ERECTORS 


Abs Heads of bolts 
to be 144” 


All Gun Metal e except Handle and 7“ 


~ 


16 


6 


ye 


wee. 


aie 


ad 


TAM 


” 
356 
Square 


% he 


PLATE 


DETAILS OF GUN ME 


4 
: 


— 


branches. _ Each branch w-down al 
of four main high- pressure lines leading to the ‘two of 


pipes led down lown cach shaft and were joined at the bottom, forming 


From each end ¢ of the loop a a -in. line entered each of the two 
ee at the foot c of the shaft, and on either side of the connections 
a screw- ‘down valve was fixed in the loop as | well as on the line entering 
the tunnel, ‘By this means it was possible, if one of the lines to the 


shaft burst, to use the Jother. 


‘The pressure line along » the tunnel was as connected d to the valve box | 
in 1 the shield by a flexible high-p -pressure armored- hose | pipe. — / These : fre- 


wale: gave out, and, as often as not, the connection was made . with 7 
4 


a piece of copper pipe e of sufficient length to allow the shield tox move © >. 


forward | without breaking the joint. One each main wa was fitted | a safety 
stored energy of the fiy- wheel would ‘not burst the pipes. by- 


= so that if the e pressure at the shield was s shut off suddenly the 


near the shield was ‘opened before the p: pressure was shut off the jacks, 


The low-pressure hydraulic s system consisted of two lines of vise A ia 


1% in. in diameter inside and 13 in. outside, with 1 male and female — am 


and leather gaskets held by 54-in. with three 

engines were coupled, through a ‘stop-valve, to 

_ formed by joining the two low-pressure e mains, and a valve ate 


end of the loop cut off either of the two lines. 


From each line’ connections “controlled by -valves” led to 


accumulator and down each shaft, where a loop v was s formed, as on. the — 


tunnel. ‘The suppl 


— 


As the total quantity of water required for the building of one ring” 


in pam tunnels simultaneously was 60 634 cu. in., including 10% Joss, 
‘it was decided that the accumulator ought to supply one-third of this 


“capacity. This: gives ‘the engine considerable latitude. The 


lator, the therefore, was made with a capacity of 20358 cu. in., or 12 in. 


int diameter ax and 15 ft. stroke. One was ordered for each side of the 


river from R. R. D. “Wood and Company, of Philadelphia. 


he accumulators were designed with the plunger fixed to the base 


— 
— 
— 
— 
“4 
ifm 
a; 
he 
4 
— 
— 


R PLANT FOR AST RIVE TUN NE apers 


TI 


and | ing 1e cylinder which st urround s th he plunger 


= S 


was toa water e of 3000 lb. per sq. in. before erection. 
Around it as built a Steel of sufficier 


lator to 1000 Ib. per sa. in. filled | with aia weighing not 


“ys 


an 100 Tb. per eu. 


astings b ted to side of this circular ballast tank slid on 


vertical timber gu tides, and the whole | plant was housed in 
heated buildin ig. It was to the steam stop- of the low-— 


“pressure: hydraulic engine by a light wire rope, ry that, when it fell, 


the stop- p-valve - opened and ~~ closed when the accumulator rose near 

tl the top of the stroke, and, if it. continued rising, a rigid steel rod 

to a relief valve was lifted to prevent over- -stroking. 


It was found necessary for a time at Manhattan to supplement the 
with an electrically- driven Watson Stillman pressure 
“pump. This was made strong enough for 6.000 Ib. per in. but was 


“used almost xclusively at: a pressure of 1 000 lb. , coupled with the 
accumulator. It was “fitted with in. 


hat aving a s stroke of 6 in. 1, and db 


Westin zhouse motor, built for 250 


On the I ong Isl: side, the same it be came necessary 
to ‘supplement the low pressure by means of one belt driven gear, 


ire ee-throw, 6-gal. per min., Ber pump, rams 2 in. in diameter 


and 6 in. stroke, driven by a 30-h.p. 
‘For a time, this pump and another of the same type, but two- -throw,, 
were used at Kast “Avenue for one of the shields, and later a Watson 
‘Stillman air- duplex, lb. pump, with two air cylinders, 
14 in. in diameter, and duplex eylinders 1 4 and 24 in. 
in diame ster and 12 in. stroke, was used for one of the East Avenve 
shields. Tt was found conve nient to mount this on the traveling 
staging at the back | of the ‘shield. qd. This saved long lengths of hydr aulic 
pressure pipes through, the tunnels, 
a Fire Service.—Fire service was provided at t each site, with a 


main in the y ard and 23- in. stand-pipes sf 50- 0-ft. lengths « of hose Pipes, 

"with, standard connections and nozzles, were re fixed on each pipe and 

folded up in box. Water was supplied to by special 
meter, and connection was also made to a high- -pressure service pump — 
in the power-house, with a salt- -water er suction. The main also entered 

4 the men’s rooms and offices. In the t tunnels, the same fire service was 
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with connections every 200° ft, and at the shield and 
“heads, was the e most likelihood of fire, , there was, in a addi- 


‘tion, a connection ‘on both } h draulic services. Tn ¢ each a air-lock a fire 
y 


omnneer was fixed, with a short length of of hose ready for use, and, in 


a h-pressure air -eonneetion was was to each a air- The 


on duty. | ‘The n men nen attempting to get - to work 01 on n Monday m morning were 


si iflocated by the hot and smoke- charged : air “entering the lock from the 


high-p “Pressure hose pipe was connected to. the 


‘men were the tunnel to put o out the fire. 


ec 
ead th bu ulkhead was fitted with a 6-in n. pe mounted with three double 
standard Siamese fire connectio — non-return valves, o1 


‘pressure hose pipes and d flood the tunn nel. 
iy After one of the powder er magazines, with about 800 Ib. of 60% dyna- 


‘mite, had burned up, without any known Teason, while the powder 


y was beside. it, ‘it decided to fix. in the alt each 


powder magazine a Ais -in. connection mn with a valve « controlling it at a saf 


aves 


<< 


distance away, so that fire started in ‘the ‘Magazine or anywhere 


i — connection with the powder magazines, which come unde er 
Fire Department, the detonators were always kept 8 some distance » from 


the magazines, , which were of the standard ‘approved type. adopted 


‘For the: fire ‘protection bad oil each oil store 


be opened and t the powder magazine 


would very burn through ‘the. an sand o on top 


the side, where repeated attempts were ere made by 
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| ‘side or atmospheric side of the bulkhead, and, on the pressure side of q 
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incendiaries to burn down the « office buildings and the men’s rooms, 


3-in. perforated | pipe ye lines were run above the ceiling of each build- 
ing, as a precaution, so that in the event of a fire the building could - 


- 


dr renched. The usual chemical fire extinguishers prescribed by ak 


und derwriters were placed in all buildings. 


- energy necessary, calcula tion nade of the horse power required | 
oO 
for various machines o be driven by electricity. 


ALi 


original estimate for ite cove 
hoists at 30 h.p. 60 hp. 

haulage ; gears at 30 h.p. 190 

4 Electric light for offices and 


Stone crusher. . .. 40 


Estimating the mechenier a efficiency of the engine and “dynamo 


90%, and the ‘efficiency of the motors at 90 %, gave a combined 


ee of 81%, or a total horse power of 470 for each working site; 


could not be in operation. at the same moment, it 
e than 50% would be demanded 


ts 235 for site e, 4 


nd side, which also hea to take om of he East Avenue site 
s of 160 kw. were purchased. 


side, three units of each, and See 


account of the limited available, vertical engines 


were decided on, and those purchased were the Reeves cross- compound 
vertical engines, direct-connected to General Electric generators. The 
larger units had engines of 124 and diameter with 16- in. 
stroke, developing 225. ihp. at 230 rev. per min., and the Standard 
¥ General Electric dynamo of 160 kw., 640 amperes, 250 volts, at 230 rev. 
per min.; 1 the smaller units were 84 and 17 i in, in diameter with ale -in. 
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when working under changes — the 


steam 


per 
when o 


ad 

engines. A test was carried ‘out, showed ‘that these conditions 


were fulfilled. The e engines ran very smoothly, and took care of great 
BS 


changes of load \ with remarkable . ease, the speed “being ‘regulated to 


such a degree that three engines could work together i in parallel. a. % 
EI ‘The generators were equal to all demands. It was guaranteed that 


after 24 hours’ run at the rated capacity they would have a tempera- 


1 rise of not more than 85° ° cent., on the armature, field- coils, and 


ing, and 10094 ov overload ‘momentarily w without flashing over or injurious 


The ¢ efficiency y was | guaranteed to be 91% at full load , and 


Tess. above and below ih the | better 


to measure the current passing to the different parts” of 


iti works, the mains were metered at the | switeh- board. | When it was 
found that the boiler capacity, was s insufficient for the demand made 

‘upon it by the tunnels, a supplementary supply of electricity was a 
tracted | with the Edison Company at Manhattan, and with» the 
‘Pennsylvania. Railroad Company Long Island City. The Edison 
supply, being direct current of the same voltage, w was coupled up up direct ae 
to the switch-board, but that at Long Island, being 11 000-volt, 3- phase, 
alternating, it wa was necessary to > install rotary converters, Two standard 

Westing 

rent at 250 volts, and with soles suitable for a a frequency 7 


. per min. ‘The co “collector rings were pant for 3-phase _ 
approximately 153 volts. 9 - The rotary converters were started 
up be an current motor on the shaft. 


The normal full-load rating of the machines ee a direct ¢ —" 


ed 19 Ib. per — 
— 
“as t of the machine I 
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( 

efficiency « of of 90% at one 

stand 50% ove erload for 


urrent pee 100%, the n 


e 
irter up to 94% at cou ould 


‘transformed. to 155 volts. by insulated 


coo of 225 kw. ef he The combined wa 


of 160- steam- generating sets was over to Manhattan. 
The distribution ‘of the electric power consisted of two sets of 
underground, three- conductor cables from the Pennsy Ivania Railroad 
power- -house at Long Island City to the Contractors’ power- -house, for 
carrying 000- volt, 3 S-phase, alternating” current. Here the current 
was distributed to two sets. of -down transformers, , one at 400 
volte, for two 600-h. driving the air compressors, , and the other 
156 L55 v volte for the two 300- kw. converters footing motors and. 


A transmission line, 2 000 ‘ft. Jong, was run to the East. sang 


No. 1B. & 8. J At the Manhattan | side, the electric power was obtained 
the -steam- “driven. ‘generators, three of 75 kw. and or one e of 160. kw. 
at 250 volts, with a ‘stand- by ‘connection the Edison Company 


‘Shields. -—There were two types of shields, “heavy 


under-river type, Plate © (also | shown by Plate LXxXxV and d Fig. 1 


Plate LXXXVI, of the p paper by? Messrs. Brace, Mason, a and Woodard* . 


nd the lighter type, Fig. 13, for the land seetion driven from the East 


venue ue shaft under ‘the Island Railroad _ The cunder-river 


of the like the Blackwall shield, also 
Pe him. _ The prineipal point of difference between these 


shields and others York is their 
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CONTRACTORS’ PLANT FOR ‘EAST RIVER TUNNELS 
edges, om be seen from Plate and Bi Fig. are very heavy, 
and y 


of cutting edges 1 was turned ‘up being on an almost im 
perceptible incline of rock, and had to be repaired under air pressure. 
The total weight of one of these shields, 


% any accessories, was was 185 eal tons ee 


without jacks or erectors 


Eight ‘subaqueous shields were ordered from 
= building -Company’s: yard at Camden. They were 23 ft. 64 in. in out- 
side diameter and 18 ft. long around the edge, with the horizontal floors 
projecting 9 in. in advance of the cutting edge between the v 
back to the Tine of the 

_ The shields were | divided into ni ne pockets by two v 


phragms and two horizontal floors. The horizontal floors were 
- of two plates, § in. thick, and were non -continuous fo r a wid 


‘in, butting against the vertical dis aphragms which 


a width of 6 ft. 10 i 
To give ‘each ‘floor the necessary beam strength, we | continuous 


in. thick 12 in. wide, ‘and an additional 


underneath, of two 1 1-in. plates, channel, and Z-bar, passed 


around. the front of th the vertical diaphragms to form | ‘the | compression 


chord « of the beam, ‘and, at the si same time, a a cutting edge for the hori- 


9 all 


zontal flo floors. s. Con Continuous doubling: plates and | angles, that i is, two §- in. in. 


- "plates, 18 i in. wide, and four 4 by 4 4 by §- ‘in. - angles £ for ea each floor, p passed 


around th the back ¢ of the vertical diaphragm to form the t tension lof. 
| beam. vertical diaphragms consisted of two §- in. plates with 
a 1- in. space between. Distance ‘pieces or strips, 14 in. . thick, ‘lee 
pitch both “horizontal and vertical not exceeding 18 i in., were riveted d 
“between the two g-in. ‘plates > them give proper stability 


To give each vertical beam strengtl h, one 

plate, a in. thick and. 19 in, wide, and two plates # in. thick and 19 in. 
wide, were riveted in the front to form the c compression chord, the 
tension chord being formed of « one > plate, 13 in, thick a and 12 a. 


two plates, 3 in. ‘thick a 12 in. wide, a: and two 4 by 4 by §-in. n. angles 
or 
riveted up the back, 
There were three skin — of 3-in. steel, the c outer and mid lle plates 
‘being 17 ft. 6 in. long. The inner plate was 17 ft. 8 in. long. The 
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skin plates were divided around the in a way 
that the shield could be built for transportation in eight sections, 
including t the hydraulic: “jack 1 boxes. The middle and inner skin plates 


lapped the outer plates by 1 12 12 in. and 24 in., respectively. aa sito, 
rom the back of ‘the cutting 1g edge, for the full extent of the 


= inner ‘shell of the jack boxes of two in. 
and 4 ft. 94 i in. long, excepting for a width of 3 ft. 11} in. in the ce center 
top section of the shield where the inner plate was was 6 ft. 34 in. long to 
form the roof of the safety screen on on the back of the shield. - 6 ag 
At the rear end of the tail a bead, 18 in. wide and 3 in. thick, was 
riveted around the inner side of the tail. It had a a chamfer 38 in. . wide, 
tapering down to } in. thick at each edge. The object of this bead was 8 am 
to permit the to be steered without binding on the edge 


divide the boxes, were by rolled ft. 10 in. by. 


in., and stiffened byd dished plate frames across box, the 


| 


greater in outside 
with | the skin of the shield, also’ so on the of the e tail behind 


‘the jack boxes; that i is, where the cast- -iron tunnel lining is built. ) 
7 In | addition to the two vertical diaphragms, there were two trans- 
verse bulkheads, 2 ft. 6 i in. apart, completely closing the shields, e 8, except- 
ing for openings which w were made for doors and muck chutes. oF For a 
each floor there was a pair of doors, one in each transverse bulkhead, 
and nine muck chutes pierced both bulkheads, with hinged | doors on 


ceither rend. A ladder, 2 ft. wide, passed from the top to tl the bottom a 


the shield on the ‘outside of the -right- hand vertical ‘diaphragm, in a 

vertical iron adder recess open toward the cutting edge. This was 

continuous through each floor. Ladders 1 were also provided ¢ on the back 


of the shield fo for access to the doors, 
large recesses, about 3 ft. 9 in. wide, o toward the back 0: of 

the shields, were arranged, one on each side c of the shield, between the 3 
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: all bolt holes and rivet holes were drilled in place wherever | iw 
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valves a and the mechanies ‘operating th ‘them. ne 


the doors opening from the upper chamber. wis 


drop safety ‘curtain, 1 6 in. deep and @ in. thick, was fixed 

along the roof of each chamber, and a protecting coffer- -dam, 6 in. high, 


was fixed along the back of each floor, both coffer- dam and curtain 
i ‘ie on the same line, 18 in. forward « of the forward transverse bulk- 
head; a a a continuous passageway opened through ‘the vertical diaphragms 
for access to each pocket on each floor for the same width, 4a 
“os The cutting edge was of cast steel, divided into ‘segments machined > 
vt oT the radial joints and bolted toget ther with turned and fitted bolts. 
Tt: was was of a shape aptly described by its desig mer as a lark’s foot, and 
was firmly riveted to the shell plates. The upper part of the cutting 
edge» was especially shaped to ed hood, | and all 
segments were pierced in the cireumfere with 4 4-in. holes. 


lower the edge was od radiall lly y with test 


“holes, 13 in. , which nt passe through the shell plates 
- to serve as vertical test holes to find a roe ck ledg e before it was” struck 
by: the cutting edge, and, during the tunneli ng ¢ operations, i it was found 

necessary to drill holes through the shell i in the roof for the purpose 
of grouting and he for forcing water ee extinguish fir fires i in the deabee- 


and d salt hay packing “under which the shield had been shoved. 


formed of gusset plates, 1 1 in. thick, with st stiffening 


1xe 


a 
1 


—eutting edge, and 1 a ) by 1-1 -in. cover- -plate, was riveted inside the j inner 

flange 0 of the cutting edge segments. 

Two holes, 8 in. in diameter, for air supply, one 6 in. in diameter | 


r water blow- off, one 6 in. . in diameter for foul air exhaust, and one — 
in. in diameter for high- “pressure air supply were cut in the bulk- 
heads. All: parts of the ‘shield, such as bulkheads, chutes, ‘back ends 


wt jack boxes, , ete., between the two transverse eee made 


The object t of the ti two transverse bulkheads was ok maintain a dif- 
ferential air pressure. e. By closing the doors of the forward ielined, 
air could be. pumped into the shield ata than the 


— 
— 
— 
oo 
| 
— = 
— 
‘a 
— 


ere 


_BULKHEADS_ 


| 


ix 


(0) 6 


4 


PLAN 


BETWEEN 


= 
= 


"ae 


SYSTEM 


LAGE 


int. 


HAU 


| 


= 


—— 


* 


& 
Ring No, 199 


— 

| 


‘BETWEEN BULKHEAD: 


4 


P 


APERS, AM. SOC. Cc. E. 


r- 


ONTRACTORS’ PLANT FOR EAST RIVER TUNNELS, 


ON 


NOVEMBER, 1909. 


43 


Sut 


A 


>a, 


Prt 


Le= 


| 


—+—— 


we 


We 


the muck chutes” the: lock es between the two 
bulkheads by the use of the air- tight t doors, 
— Such an arrangement would keep a as few m men as possible under high- | 
pressure air, all the loading of the muck into cars, grouting, building 

of tunnel lining, and caulking, would be done at a pressure than 


was necessary in he face of the shield. _ As 37 Ib. was the e highest 
means ever necessary to keep the water pon of the Pie , this Ss was not 7 


= 


have menial’ in ‘material composed part a rock a and part val of quicksand 


preventing | the air ‘pressure in front of “shield from escaping 


backward along the cavities in the | blasted ‘rock into the tunnel proper 


‘through the joints | of the i iron, and between the i iron and the > tail of the | 
shield, al not all 
reservoir of air contained in shickd w caused great varia- 
_ tions of pressure in the event of “blows,” pom" flooding would have been | 
frequent i in that case. ate 
The benefit of having the two transverse _ bulkheads i is to give the 
shield an added stiffness which it requires. ‘The si smallness of the doors | 
and the muck. chutes through these bulkheads handicapped for a time — 
the -mucking- out operations, especially i in rock, and after it was found 
that there was no likelihood of this. feature being required, ‘the: trans- > 
verse bulkheads in all three bottom pockets were cut out, and the 
middle bottom . pocket \ was utilized for or running the tunnel } cars through 
the shield into ‘the heading beyond on ‘the tunnel track. 
To facilitate the ‘passage of drill columns and timber to the ‘upper — 


pockets, part of. the “center pocket transverse bulkhead was also cut 


_ The ladderway inside the shield gave access to a Hloors in case —s 
differential me were used, and bead useful for the } purpose in any 


event. The 6- in, coffer- dam along” the back « of each hor izontal floor, 


18 i in. in front of the doors, prevented sand and debris from being 
washed against ‘the doors if the shield was ; flooded, and also “re the 

_ The in. curtain suspended from the under side of 


a é in. in front of the bulkhead, provided an air “space for the n men - 
the shield was nt hey due ked the 
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which pe the 
“upper chamber er was to prevent the water the tunnel from rising 
tan more e than 1 or 2 in. - above ove the bottom of this sc is screen, , although the shield 

‘proper might be filled to the top v with water. a This feature was tested 
once and proved effective when « one tunnel wa This, of course, 


would o only be true if the space be between the tail of the shield and the 


-iron tunnel was pugged around the upper of the down 
: the level of the bottom of ‘the : safety sereen. 


As the conditions ‘obtaining u ‘underneath the East ‘River had never 
explored by prev ious time these shields 


“in the accessories the shield “which would be unnecessary. in 


work under this river. that time the only t under the East t Ri 


Chief disclosed the level the on the lis lines of the 


ag eae tunnels, but, as they were wash- -borings, the nature aa the soft material — : 


overlying the rock as to its air- holding capacity was somewhat duubttel. 


On account of this, ‘sliding sh shutters, with serew- jacks, similar to 
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fixed hood, shown on Plate OII + put up in sections. Two types of 
a extension — floors were designed and built ‘for the shields; one was a 
sliding floor moved forward by hydraulic jacks, shown on ‘Plate CL* 


the other was a fixed floor.t Both types were carried away by falling 
aa rock, , and were abandoned. The operation of all these accessories is 
: dealt v wi ith in detail in ad paper by Messrs. Brace, Mason, ‘and Woodard. - 
Pa ‘The most satisfactory arrangement, in any type or mixture of types a 


0 of material found under the river, was the bare shield, with the fixed 2 


~ hood projecting 3 ft. in advance of the cutting « edge for a about | two- fifths — 
of the circumference, and no extension floors except those e formed 


Also shown by Fig. 1, Plate LXXXV, of the paper, by Messrs. Brace, Mason, 

Woodard, in Proceedings, Am. Soc. C. E., for October, 1909. Via 
+Shown by Fig. 2, Plate LXXXV, of above paper. 


tunnel, it is true, had advanced far from the Manhattan shore, but _ 
had been up to that time enti in ock, The test borings | 
hes 
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DETAIL OF SHUTTERS IN MIDDLECOMPARTMENT) 


Note: The Shutters were designed for use in soft ground only, and they _ aA a 
together with the attachments, Crown Plate, Girder, and Brackets 


on for Screw-j acks were not laced needed. 
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. ELEVATION OF HOOD 
SECTIONS OF SLIDING FLOOR 


1'x6 Plate Plate riveted 
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1'7'Plate 7 x 17.29 1b. channel 
Existing holes, by &"riveta 


except for (m) 1 bolts SECTION B-B 


snnel 7 nel 7'l'iong 


es ae: timber extensions, which could readily b replaced if 

damaged. 

7 whet These sliding timber floors were built of two 9 by 9: in. timbers in 


each pocket, decked with 3- in, planking, held down to the floor at the 


rear par end by 8-i cross -timbers ‘propped ‘from the floor above an and back- 


workmen as cantilevers, were also used for the 


boar rds in roof. 


of a 23-in. pipe, filled with cement sliding inside a 3-in. pipe 
gripped with set-screws, were used for bracing the breasting boards. As 
the shield moved forward the sets -screws were to give enough 


friction to hold the breasti 


themselves. — In the same way, the cantilever timbers were were adjusted as “a 

“friction by wedges between the bearing timbers and the cantilevers. | a 

necessary to cut pny apart, leaving: the skins in place, 


= the tunnel lining was built. As the labor of cutting them 


had to be performed - in compressed air, and represented an_ en norn 
amount of work, it was decided to burn them out by | electricity. 
The current for burning ‘the shields w was obtained from the 
Island City p power- -house, from of the 800- kw., 7 250-volt, 
-eonverters. Occasionally, when one shield, only one 


steam- driven kw. sete was used. The. cireuit for ‘burning was taken 


a water-resistance consisting of foie ‘barrels of submerged iron siete. 
about 18 by 14 by  in., all four barrels ‘tele connected in parallel. 
: ‘This resistance served to reduce the ‘voltage to approximately | 45 to 60 a 
_ “volts at the burning tool i in the tunnel, and also for abating the cur- 
‘Tent to the: number of t tools 


in riv ver, the t area of | the 


= rom the negative ter minal ¢ of the | gen e =. cable was run to the 


“shields direct, branching off at the shafts, one branch going down — 


Tunnel D and the other down Tunnel B. * connection was made 
to ‘Tunnels A ' C from Tunnels D and B th: ma 
eee the two tunnels. — The cables used were 500 000 cir. 


the capacity was about 650 amperes. 
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the shields. tool was provided with an insulated handle and 


a 
CONTRACTORS’ (PLANT FOR EAST RIVE R TUM! 1s | 
burning tool consisted of a carbon 12 1 in. in 
to a copper rod. This copper rod was connected ; 
the cable leading direcily from dias generator toa single- pole switch 


a shield of asbestos, 12 in. in 1 diameter, for protecting the hands of the 


~ workmen from exposure to the light. The men were also protected by 


an asbestos mask, with dark- -colored eye- -glasses, and an asbestos apron. 

current consumed for burning the shields va aried from to 

amperes ‘per tool for burning off 1 riv et heads and for ‘section 


plates, while from 600 800 amperes required for 


~ through the floor plates and uprights, the uprights being about 4 in. 


The best r results were ¢ obtained with about t 40 vi volts at 600 
amperes, the are being from to 3 in. long. 


To cut off 300 rivet heads was considered a fair 8- hour | shift’ s work 5, 


rivet hea ads” was the highest record. One m man, was was 


“expert, off one upright in n 8 hours, the of n - tal be 

Several of the workmen clear the oil some distance ay 


vay 
= from the burning were bhi nded by - the light. It takes but : a few seconds, 


he re, to ca ause one to turn blind aril 
hours" later, and “causes nt headaches, 
mie Dense fumes Ss arose iia: the bu urning metal, which for r r. the neat part 4 


by a ul- blow-out pipe suspended near 


us} 


to tl was often s 


this, and no bad cases “bends?” in this foul 


val 
althou h the air pressure was 29 Ib. 
= 


ra? Light-s Section Shields.—The shields of a lighter secti 
"> “signed for the work carried out under air pressure at | 
in! The first one, which was made from an old London tube shield, was. 
ae unable to. stand the weight of earth above it, on account of being in 
ax. rock for half the diameter. r. The large annular space between the out- 


ef he shield and the jagged edges | f the rock excavation gave it 
no reaction ‘to resist the downward pressure of the earth in the top. 
“Fig. 18 shows the light- -section ‘shield, which was made for the 


under compressed air under the Long Island Railroad depot. 

none too strong in the section with soft 


but great quantities 
e that one could walk alone th 
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answered its purpese successfully. y. Tt will be noticed tat the 


pee was built in 1 three tunnels, D, U, and 
Es Each shield was fitted 2 7 hydraulic (Pl ate CII) 9 in 
with 3 3-ft. stroke for the -subaqueous shields, an and 8 in. 
diameter for the section of the wa 


Fr 


be to the cast-iron the cireu 


. web, instead of on the circumferent tial aed The 


= jacks were of steel. 


per s sq. in. with the 
position, but the panes of r ram, not. strong enough to 


an offset pressure of this amount, was. held ‘centrally. ‘They 
re macl i 


nined so ‘that when t the cylinder was up- -ended and the 


“inserted i it fell gently of of its own weight ‘into the cylinder, all the we 


In 1 operating z the first shields, great trouble w was experienced 1 in in keep- 


1 


ng the draw- -back spindles tight, and it was found that the U- -cenredll 
r 


Ww ere eutting very quickly, p partly due to the the poor r quality of of the > leather | 
and partly to the 1 fact that the brass backing ring was too loose on on the — 


¢ draw- back spindle and allowed the wy pressure to force part of the a - 

into into ‘the annular space between the backing ring and ‘the windie. 


Imported U- le athers were then used, and they lasted somewhat heed 


up with rubber and 


“damaged U-leathers got into the wi aterways, and very soon 


at. 


help the lubrication, 


—— 


“heated by 8 to 


trouble was also caused first by very fine quicksand being 


sucked through the sma small of all opening in 1 the cast- “iron plug into the inte nal 
bore of the ram. T his was obviated by pu putting a small non- -return valve a 
in 1 the opening, which allowed a Te akage to escape but prevented 
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— 
He tine seems to be 
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‘[Papers. 
. offset p pressure on the ran ram | head and the softness of the steel, both of - 
the. cylinder and of the rar ram, it was found that oy ee cutting into 
each other and ultimately cutting so deeply as to defy all movement. 
Itw was as found, on t aking out the first. damaged ram, , that a piece of steel 


ig as a #-in. rivet head had been torn out of the ram | and smaller 


‘pieces from the cylinder. These p or rtions were analyzed, with | the 


Manganese 
Phosphorus 
Silicon 
Sulphu 


Gibb: 


as s there were no shock strains, a steel 
siderably higher in carbon, viz., 0. 60 to 0. 70%, would give much more 


successful results. 


The seizing of these rams was quite | a serious ‘matter, and, in order 

get them repaired, it was necessary that the ram and the wien 


in which it was jammed be pulled out of the shield. ty To do this, one 7 


; plate w was left out of the e ring opposite the damaged - jack, and ,on shoving . | 
‘the jack, being lashed to the tunnel lining, w was left. behind 


removed, and the plate was pushed into o place. SIPS) eae 


The method adopted for the damaged 
part of the 1 ram in the lathe down to 8 8 in. in | diameter for a distance 


"varying from to 18 in. , depending on the extent of the damage, an ‘and 
bush this with a a hard gun- -metal sleeve. . When + this @ done, no 


rther trouble wa was ‘experienced, and, work was finished, the 
bushed ra rams showed no no signs of seizing, 


As the bush in ‘most cases came outside the gland of the ram, on 


‘full shove it was ne ssary to make it water- tight, so that the hydraulic 


could not a under ‘the bush and and burst it when it came ov out- 
the 


The jacks w coupled up pairs” to the controlling valves” 


ee 14) in ‘the valve chambers. Each valve consisted of un steel 
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eading to inside of ram 


-forreturn Stroke 


be 
All Spindles to be the same size, 
(in all respects, i.e,, Whitworth 
) thread, reduced to 
through leather packing _ 
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conically- spindles seating on the gun- body valve, 
which had four connections. One spindle ‘controlled ‘the high- “pressure 
water from the main, while, of the remaining two, one controlled ‘the 
exhaust ‘and the other 1 the ein of water to the rear end of the ram. 
The draw-back waterway was under pressure as soon as the spindle 
controlling the pressure was opened, so that, , assuming ‘that all was in 
readiness for shoving, the spindle controlling the pressure being opened, 


and exhaust shut, the operator, on opening the ‘third spindle, 


water at the back a the | draw- backs s circulating to the main. i ll 
Depending on the direction in which | it was desired ‘to guide the 
shield to maintain the engineer’s lines, the jacks, in ‘pairs on either 
y side of ‘the | shield, , were opened up, and also in a or bottom 
{> } 
of the shie ld, depending on ‘the grade required. 
In order to stop all the jacks simultaneously, to prevent over-— 
_ shoving, it was usual to open a by-pass on ‘the high- -pressure main; 
controlling the admission of the p ewe to the back end of the jacks 


= reduced the ‘pressure sufficientl y to stop the shield. The spindles 


_ were drawn back in pairs exhaust 
a pressure of 2 000 lb. was sufficient to draw back the rams, and if 1 more 
was required it was a sign that: the rams were scoring, that the 


back leather required renewing. If they failed draw back, 

they ‘were e pushed home with a small portable ‘hydraulic jack. Copper 
pipes, 3 in. in diameter, were used for coupling the valves to the jacks” 


and in. in diameter for the draw-back: and all the waterways in 


the j jacks and draw- back spindles were 3 in. in diameter. 
Erectors.- —Tw o hydraulic erectors Cig. were fixed on the 
back of each subaqueous shield. . On the light- -type shield the erector 
was fixed o on the traveling stage. These were used for building the 
cast- -iron tunnel lining ‘They consisted of an arm, which could be 


extended, an and at the same time rotated. ‘The 
plished by a hydraulic cylinder, 4 in | diameter, with a pist 

that diameter - attached toar ram 3 in. n. in diameter passing through a 


gland at one end of the « eylinder, the piston | being ‘fitted with | a ‘bale 


‘*Shown also by Fig. 1, ‘Plate LXXXVI, of the paper Messrs. Mason, and 
Woodard, Proceedings, Am. Soc. oe z., for October, 1909. 
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i esngpaesn only ont the backward stroke, o1 or the equivalent of a ram 


“This extension was “in, plates and 


pierced with an oblong ng hole, 5 by 13 in. -I-beam slides, with a 


—_ - stroke c of 6 ft. 0 in., in a ‘guide- box which is held in one end of a - 
tating: casting by a - in. pin o on which i+ hinges, | and on the other 
end by two s pherical washers | with elliptical | holes on the end of an an 
spindle into the slide- box. An internal- 
"spindle holds ‘the outer w: asher r to jam ‘the slide- box at the required 
SS This allows the erector to be adjusted if the shield has been shoved 

too far, or with an excessive lead. 

4 The cast- iron rotating piece is bolted to a ie pinion — 

circle 20 in. The: arm the 


The pressure enters on the upper” of the: slide passes 


to the under side o of the ‘slewing cylinder. If the s lide-valve 


is m moved over r so that the upper en r 
swith the exhaust por the ram moves upward 


if the slide i is set so that t the upper end of the cylinder communicates 


unicates 


NOLLYA213 GNY MBIA 


ure, the 1 ram moves downw ard, the water on th 


ide of the piston n cireulating through the. valve- ‘box to the main. . 
is ith a similar valve, the push-a and pull ‘cylinder on the ‘rotating 


arm 0 _ The connection to tie: cylinder was ma e by two 
flexible, armor d- hose pipes, Teaving the -erector free to rotate. Water 


0 the ‘erectors ‘through a safety, eturn, stop- alve, 
pie 


; shown | on Plate cut, so that, if the fe pressure f failed, the erectors would 
‘fall erectors were designed to handle segments weighing 
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in the valves 


and pi pipes. . Thee erector arm was attached to the tunnel seg segments by a 


simpler than increasing + openings in 


— 

— 
. Bolted to the plunger by a cast-iron bracket was an L-beam, 9 ft. 

— | 
& 
oF 
3 
— | 
— ston 114 in in diameter acts on 
a 
— | 
and the erector rises, but 
) 

— 

| 
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Behind each shield : a trav eling platform (Fig. 16), 46 ft. Jong and 


; 40 ft. 6 in. wide, on twelve rollers, 12 in. in diameter and ote in. . long, 


ning on Ib. rails, supported by ‘steel brackets bolted on every 
second ring to the circumferential flanges of ‘the tunnel lining, was 


attached by ‘union to each shield, and was pulled along 


it during each shove. e. The stage was double- On the upper 


deck the cement : and sand for r grouting were § stored, and a ‘cantilever 
extension in 1 front w was used for bolting | up the iron; o on the lower deck 


the growl mixing ig machines w ‘were fixed. it was originally intended to. 
4 . use these stages for taking ca care of t the > excavation, so that it could | be 


= handled from two levels, but the output ‘was never large enough to 


“Tequire this, as casting the excavation directly ‘into cars on the floor 


A hydraulic elevator at the rear end of ae stage, for raising cement 
and sand, and an air-winch at the forward end, for hoisting lumps of 
rock into the ears, were the only. mechanical attachments, excepting in 
the case 0 ‘of Tunnel A, Manhattan, where a belt conveyor was tried, as 
shown | on Fig. 16, under the and by Fig. 2, Plate XOVIIL. 
rails on which it trav eled were in 6-ft. lengths, spanning two brackets 
and bent. down at the rear end to catch the brackets. ae 7 
Rock Drills.—The s tandard Ingersoll, E52, 3}-in n. rock drill was q 


ed. after perran various makes. They v were found to use less air a 


than other makes and to. stand up to the equally well, if not 
Detter. They had hard service on account of the seamy 
nature of the rock. ‘They were generally on Standard 


columns, set up in the peiinte. of the shield, except when advance head- 


b 
ing driven. 
_ ‘Tn addition, for small trimming work and for breaking up lumps 
of rock, little Jap drills, 14 in. in diameter with a V 
in. in diameter with 24-in. stroke, made the same co 
pany, were used, | 
rust a and lead caulking, Boyer and Keller hammers, a 


by in. in diameter, m made by” the Chicago. Pneumatic Company, gi 


‘Greathead type, made mostly by the Cockburn Barrow Company, driven 


- *, by 3- 3-cylinder Ingersoll air-motors, the air-motor being geared to the 
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central spindle which the 4 or mixing 


upward, 


in the tunnel lining, there being one of 


After emptied, the air 


s opened. This emptied the pan 
of pressure and allowed the door to open inward, ready fo for : a fresh char, ee 


i, grout pans were | located on the traveling ‘stage, and were 


mounted on on wheels of 30-in, gauge, ‘that they, ‘could be hauled along 


‘the tu tunnel tracks, and taken on top. “for repairs, To save time i in 


“charging them with water, a 2 barrel with a 3- ‘in, cock was fixed on the . 


upper platform, sO that water pena be collecting there while the pan 
Muck Cars.- —The muck cars, Fig. ‘17, were 24- ft. wooden ‘cars. 


~The wheels wer were loose 0 on ‘the axles, and the axles loose i in the 


This made it very easy to get | them around s sharp curves, but the final | 


result was ‘not good, as the bushing. of the wheels wore on the axles 


that they wobbled @ permitted ears to get off the 


All the ironwork of the cars was made ‘the Atlas Car Manu 
turing Company, and the oe were built on ‘the { tunnel works. 


works, 


Lae The rails in the tunnels were of Carnegie steel | section, 25 Ib. per 
56-lb. rails, were used in the yards. gauge was in. in the 

tunnels and 4 ft. in. in the yards, 
4 A dedins was laid in the tunnel, about 3. ft. 9 in. from the under 
side of the iron, consisting of cross-byats, 12 by! 6 in. and 17 ft. long, : 

“spaced 5 ft. apart, and longitudinal planking 5 ft. long and 2 in. thick. 


Works. ‘The requirements wer 


be able to handle a a wire nape 5000 ft engine that " with a a a haulage of 
4 2500 ft. ., and be able to take 12 loaded tunnel c cars, each of 3700 Ib. 


up an incline of and at the s ‘convey cars, or 

flat cars, cline. 


— 
— 
— 
— 
filling the pan with water, the mixture of sand and cement was dumped 
ia. into the pan, and, the small hinged door on the top being pulled  £eimae 
— 
air 
these in eve 
— 
iim 
— 
The middie pocket oF the shield. could pe ed during SHOVInNg. 
aulage the haulage of tunnel cars on the Manhattan 
> 
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grips which were hitched to the bumper of the car, a and ‘tripped 


au the ears reached ‘locks OF the elevators. 


mately ‘inereased 
-driven haulage engine “was vas originally to be sta 
of tioned i in atmospheric air, and the rope was to be depressed under the 


floor of ‘the a air- ir-locks, stuffing 


The motor, through a a countershaft, drove : a —— 49 j in. 
with s six machine- cut grooves for a }-in. steel cable. “ In line with this 
7 drum was an idler drum having four grooves which w were in four inde- 
pendent, sliding, cast- “iron rings; any stretching g of ‘the rope was 
commodated by the slipping of these rings, 80 0 that there was no grind- 
_ & of the rope on the cast-iron surface due. to unequal speeds of dif- 


ferent parts of the rope. 
The rope led over a 42-in. sheave which was s supported o on 

traveling tension ‘carriage running on a track in the of the 

prticnsy At the end of the t track a weighted tension rope passed over a 


sheave and kept the at any degree of tightness desired, 


ping under the floors so” often, and it was not found practical to 
operate the haulage rope in “different ‘air compartments 


4 


engine. In the final arrangement, Plate OV, ‘the engine was mounted 
in the compressed- -air chamber with one part of ‘the rope leading over 
the tension carriage and back to a sheave over the right- hand muck | 
Tock, Fig. 1, Plate OVI, and from there down the tunnel to a sheave 
= the right- ‘hand forward end of the traveling stage behind the 


— 


a yee It there passed across the tunnel to a sheave | on the left- chand 


e and back | along the tunnel to a sheave above the 


k, and from there was: guided to the haulage ‘gear, 


to Jessen. ‘the friction. 
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hooked ove over end of a car while the chain was the 


haulage re rope with a half ‘hitch, proved t to be the ‘simplest. and most 
effective method, but it entailed the stopping of the haulage gear 
or the attachment and detachment of each train of cars. os cee | 
Inside each bulkhead a small Lidgerwood 74- -h.p. electric or air- 


“hoist | was fixed as a stand-by, with a tail-rope rope which could be drawn 


down and hitched to the cars if the haulage ¢ gear were out of com- — 


mission. For short distances of 500 ft. between bulkheads a slightly 
larger double- drum | winch, , of 10 hp. P+, , either air or electric, Plate CV I, 


was ‘installed; to give ‘a better g grip and prevent cutting the drums, 


cast- steel liners, having a a fillet, radius of some on 


four 


oO 
the ma main haulag e engine. 


At Long Island City, for the | long hat ul, the Lidgerwood 


hoisting on engines, had been cused at East Avenue | for the 
elevators i in 1 the shaft and were by that time at liberty, w were sre fitted up 


as haulage engines, along with two spare ones, by putting a 6-in. “fillet” 


around one one end of the drum made i in sections; ns; the rope, having three 
tu turns around this, was led i in the same manner as before. 


speed of these hoists was reduced to give a haulage speed. of 


3 miles per hour, and the Exeter, Machine Company’ haulage 


- gears were speeded 1 up from 1 mile to 3 miles an hour. 


The haulage i in the Manhattan yard was originally done by m 

wis the difficulty of getting ‘them about in winter, v with heavy 


~ 


and snow and i ice on the tracks, 1 made it necessary to install mechan- 


it was determined to try ¢ ‘electric haulage, and one of the under 


“a frames of the 4-yd. cars was mounted with La pair of axles having steel 


ee then a 15- hp. electric. motor, 250 volts, was fixed on the car- 

‘riage, gearing to a countershaft on which were two sprocket wheels. 


A wheel was also fixed on each axle, and these ¥ were 


and | two fitted, the | pole having 


method was adopted i in | preference to bonding» the rails, 


‘secount of of the of grounding rails when 
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made and were very successful. 
On the Long Island side, on the surface, where was 


room, , steam locomotives were used, and bye East Avenue. ‘These 


‘stroke, and pa driving wheels, 32 | in. in diameter. a 
‘sure of 160 Ib. was generated from +350 ‘sq. ft. of heating surface with 
9 sq. ft. of grate area. The total weight i in . working order was 42500 
. Tb. The: fire-box was of copper and the tubes were of brass. For hisling 
the concrete in the tunnels, electric traction was adopted. 


Sprocket Wheel 


Small trolley « cars, Fig. 18, 30-1 “in. gauge and 4-ft. wheel base, were 
built in the tunnel workshop, and a Th. .p. motor was mounted, 
already described; but, in this case, the rails. were bonded, and only ~ 
a single trolley w wire, No. 2, B. & S., of hard- drawn copper was” peated 
= the current being supplied from an independent circuit “operated by a 
motor generator of 30 hp. Each trolley car weighed approximately 


3 300 Ib. In the writer’s 8 opinion, electric ‘traction i is on is more efficient then 7 


Safety Screens and nd Flying Gangway.— Ye the safety screen 
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‘in ie: tunnels behind the t trav ling stage, ¢ 


each tunnel after the e shield h had moved about 800 ft., , leav ing one — 


was shrouded by a curtain that came e half way d down the | air-lock. The 


doors were hinged to open backward from the » shields, because, if the 
tunnel was flooded for any ‘depth ; above the bottom of the safety cur- 

the pressure of the air between the sereen and ‘the bulkhead 
must necessarily be higher than the pressure between the screen and 


the shield, or the water would flood the ) space behind ‘the screen. 


curtain was made of Pe-in. 1. plates stiffened on ‘the rear by an -beam, 


12 in, deep ar and 35 Ib. in weight, along: the bottom e edge, - additional: 
Z- bars horizontally and. vertically. 


Adjustable segment plates stiffened by a heavy wane wer 
drawn up into the ¢ circumferential caulking 1 recess of the tunnel he 


by eye- -bolts. suspended from the tunnel bolts, a and at ‘same 


at the same 

- time the : screen was held \ up by similar e eye- -bolts passing through heavy 

angle brackets on the sereen. Flanged openings pierced the screen, 


ne passage of pipes, but it w was found easier to depress the pipes 


under th the screen to cut them to dead lengths to fit the position of 


— 
screen, 
“Although | the drawing s shows the air- tight joint as having been made : 
y 


b a rubber gasket, the best results ¥ obtained w vith lead caulking. 


‘The latest type of screen, shown by Fi ig. 2, 2, Plate CVI, end on Plate 


‘instead of being fitted with an air- r-lock, had a square “opening, 
2 ft. Bi in. by 3 3 ft. 3 in., the s sill of the door being 5 5 ft. 2 in, above the 
‘bottom of the : screen, which was set 1 ft. . in. above the axis in of the 
pry From th 


e flying gangway a light platform 1 led to —. door o on 


either side, the object. being to dispense with diving w 
if the water rose above the bottom of the screen. as 

A flying gangway, » Plate 


means of “runway, a and dipped wu under the safety scre 
mae with the staging a at the air- ir-tight t bulkheads beside 


ens and 


7 
ve the men a ary ‘means of escape while the 


— 
‘ 
— 
| im 4 tthe — 
| = 
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rising. communicated between floor o Of 


easily by climbing v up the of the segments. 


- Air-locks and Bulkheads. —The conerete bulkheads, Fig. 
and Plate ‘OLX, made strong enough to withstand internal 
pressure ¢ of 50 Ib. lb. per sq. in in., » were | built of concrete 10 ft. ‘im, thick. 
In this were placed two bottom muck locks, one emergency lock, one 


timber and rail | lock, a1 and one engineer’s lock for - carrying through 


ith 

the lines for surveying ‘the the tunnels. In addition, it was pierced by the the 

— various pipes and electric cables required for the work in duplicate. 

a The material air- locks were 20 ft. long and had | @ mean diameter 


<< 7 ft; ; the diameter : of the emergency locks was the same, but they | 
were 24 ft. long, as shown on | ‘Plate ( OX. 


= It was found during ‘the progress ss of the work that tt the 24-ft. lock 


was bigger than was necessary for 1 ‘the number of mer men at work, and 


in the second | series of bulkheads the 24- ft, lock v was put in place of the 
right-hand or ingoing material lock. By this change it was possible 
right-hand or ingoing ma naterial lo ock. By this chan ange i possible 
to take long lengths ‘of p E pipes, ‘timber, and rails straight through on 

‘the cars without the expense of unloading them, passing” them ‘through 


the timber lock and d reloading them inside the air- Jock. Oe = 


: eo In the bulkheads, where the locks were a already fixed, the incoming © | 


oa material ] locks were Tengthened for the same purpose. » Th The locks | were 


made to > stand an 1 internal | pressure of 50. Ib., ‘and that portion of ‘them 


"stiffened to take the same pressure on | the « outside. 

Inc order | ‘to give them a better grip of the concrete bulkhead, and 


the s: same time to take up the external al pressure due to the bulk- 


head acting as a ‘concealed arch, angle rings were e riveted o outside the 


- locks. Doors giving a clear ‘opening, 5 ft. high a and 4 ft. . wide, we > 


hinged to swing inward 1 toward. the tunnel at each e end of the e air- locks 


They | were of the double- dished variety, of the Blackwall tunnel tunnel type. 
In ‘the ‘emergency Jock, brackets were bolted to the ‘shell plates, on 
which were fixe fixed wooden “seats s for t the 1 ‘men, Bulls: s- reyes, 6 in. in 
diameter and 13 13 in in. ‘thick, were ‘fitted in the ends of 


“three air- Jocks were fitted with -in. man- -valves the inlet and 


wr 


of air. In addition, ‘the upper lock had a mergency cock 


: which co ld be opened from te inside of the tunne o bring back the 


lock; an ‘additional 14-in. exhaust valve was also = 
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SECTIONAL ELEVATION THROUGH SHAFTS AND GANTRY. 
Elevation of T- Head Shaft ond Locks 


a 


D- Outside Elevation Head Shaft and Locks” 


: 
ge ae in each air- 
ing the m n, ape an automatic decom- 


‘pressing was 


oa 
val alves will be in ap 


and Prevention. 


For locking out materials, c 3 tt 


eter ' was ultimately increased to 4 in. In ord er to safeguard the 


men who used the muck locks for entering or leaving the Kanne 

4-in. . cocks had their ‘counterpart inside the lock, so that the 

could | close them and operate the lock by means of the man-va sine yes. 
The nals was continued up to the ae in which the lock | door heel 


and on the Manhattan side, this” was bridged short lengths 


of independent rail which | fitted into a recess on the door sills, and 


= could be very quickly placed ane by the lock tender. On the 
Island side, two short rails: were coupled together and hinged 
‘ so that they could be swung up out of ‘position to allow the door to 


pipe lock, which proved ultimately to 


® expensive to operate, was 81 ft. . long, 0 of steel p pipe, 


eter, fitted « on the inside. with a hinged door opening inward to the 


tunnel and seating on a rubber gasket against the flange of the e pipe. 


21 in. inside diam- 


pe. 
E. On the outer end there was a box Q ft. 10 in. square and 27 in. long 


with a an | opening 17 + in. n. square with a a door opening in inward. 

Passage Locks.—Communieation locks between tunnels” were 


= at Long Island City to operate with the pressure either way 


Blow-out Lines—Two in. water blow- out lines, and 


one 6-in. 
foul- - blow-out line passed along each tunnel. ‘Branches were fitted 


at each bulkhead to take out any water collecting there, ‘and at the 


shield a stuffing-t box was bolted to the ‘pipe in which was telescopic 


ar pipe fixed rigidly to the traveling s stage. ¥ From this « a 6- -in. flexible pipe _ 


win 


“dropped the invert with a strainer on the end cof it. This very 


tion ‘ok a great quantity of sand was blown along with the 


into ‘the sump at t the foot of the > shafts, 


ii 
aper by the writer entitled “Caisson Disease 
heir diam- — 
— 
q 
— 

| — 
— 
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— 
a _ quickly cut away, and at the bulkheads this was a serious 1 penal — 
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way to replace them. Advantage was taken of two 8-in. 


SW which igh the bulkhead near the floor ond 
6-1 -in. pipes "were passed through these 8 i 


h le 
e in 


nee Og annu lar space between caulked wit 


Me 


— al ren new this extra-heavy ‘internal pipe in 


minor accidents occurred to” workmen pass ssed close to 
the end of the blow-pipes when the strainer was: off. Similar accidents 
place at. the big muck valves of the “materia a Was 
‘common for ‘man, with his coat over his 


‘to be back, to have it snatched off 4in, 


Caisson Air-locks.— s, Moran-Barr air- 

leased from the J ohn 0 ‘Company, were cused. The 
door of this lock is in two parts wal slides together, meeting in the a 

center of the opening around a brass bushing on n the cable. onan 


ing of the doors is ; accomplished by air cylinders, and the low 
is a simple hinged flat door opening inward toward pegeene son 


hand. ‘These locks worked well and rapidly. “The: 


mum number -cu. yd. skips” taken out of one caisso n fitted with 


with only | one crane at work, was 256 in 8 hours. 
was Just the pressure being lb., it 
| open the upper er sliding doors, although the ‘pressure 


of the caisson was against them. _ On three occasions, , the lock tenders, 
in their desire to hustle things, opened the v upper ‘sliding doors before — 


ah the bottom door was properly closed, the result being that the skip 
¢ of muck was violently shot up in the air. As this might have resulted 


i in the loss of all the air in the | caisson, © with | consequent flooding and 


drowning | of the workmen, an interlocking gear ‘was designed, con- 


sisting of a connecting link on the lever of the door r controlling 
3 pin which. prevented the ¢ opening ig of the 1 upper sliding doors rs until the | 
lower door was | fully closed. This effectually prevented such accidents. 


‘The | general details: ae these -locks have been’ ‘illustrated so 


‘frequently it is unnecessary to. “describe them here. 
“mounted ot on n an elliptical shaft divided with a partition to give ‘room 
tor }-cu. yd 


. buckets to pass up and down | freely, and on ‘the: 1e other 


of the partition a ladderw ay for the workmen was fixed. 


sets of mes: with an air-lock on each, passed through the « air- tight — - 
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loot, which consisted of steel girders at 5-ft. centers, 29 ft. Jon 


7 6 ft. deep supporting 3-in. steel buckle- plates with a rise of 6 in. 
many ‘accidents have occurred wooden : 
tight floors, that the contractors determined to g 


of the steel buckle- plates 


«After the caissons” were and the floors were 
‘removed and the shields were built in position on wooden cradles. _ 
When en they were built, a a full set of tunnel air-locks was lowered beside 

shield, and the : air- tight floor wa was rebuilt above the | shields, 


f these : air- locks were ho hoisted 1 up, and ‘suspended underneath the floor, 
“out of the way, as as shown by Fig. 19. = 3 4 
i After th the shields had ft, the tunnel air- locks were 


lowered and built in position for the first bulkhead. | This saved | a _ 


heavy item for labor over what it would have cost to lower the air- r locks a * 


in sections through the shaft air- -locks, transport them along» the tun- 


q 


nel, and build them i in 1 position, 
__When t the air- floors. were rebuilt, it was considered that. the 
O’Rourke air- ‘locks, hoisting teu. yd. skips, would be inadequate for 
handling the excavation from two shields. Tt was was 3 decided, therefore, 
that tunnel muck ears should be used, and an n elevator was, 
een shaft which opened out into a a T- headed air-lock, Fig. 19. 
ie vertical shaft was built 1 up up of air-lock material which ae: 


later for tunnel | bulkheads, withthe addition of * steel about 7 


th wide, which in inereased the diameter from 7 to 8 ft. 


/ special 1 miter : section crowned the 8- 8-ft. vertical shaft, and, wie i. 
ing toa a a diameter r of 7 Th, , branched out on om either | side into two standard Fe 


horizontal air- r-locks, 12 ft. long, giving enough space for ¢ one 


tunnel t a time. 


‘The cage, in the vertical shaft on timber guides, was designed to 


pass between two of the air- tight floor 


To one side of the vertical shaft. , partitioned off from ‘the space 


by the cage, two vertical steel. Jadders were fitted to the 


o give the ‘wor men sufficient head room when re cage reac e 
Tog rk ffi it ead hen hed 
i top, a well was built u underneath ‘the cage track, § 80 that they could a 
stand down, The hoisting Tope and the shackle on the over- r-winding 


— 
— 
ia 
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nse 
— 
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{ 
— 
4 
— 
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with: a stuffing-box on top. As the shields were working in the 
— 


muck fr from two shields. . The a headed 


placed s 80 > that was possible to build the e regular pitch -head 1 gear 


above the the caissons, ons, with everything in in readiness so ‘that when the air 


was ‘removed from: between the first b bulkhead and. the air- tight dew, 
; it required only an off Sunday to change over fr ‘from a the T-headed lo lock 
system to: in atmospheric air with for “each 
i was then eisure, ‘part. of it 
1 the stone and 
ie one cage, Fig. 20, was pro- 
vided for each tunr ras Long Island 
four 


air were at different as at 
~~ difference in height wa as ta 


ves: 


18 53 


ata of 300 per min. 3700 Ib. t 200 ft.; and 5 000 ks 150. ft. 
The standard drums were 42 in. in diameter, and had a capacity for 


140 ft. of wire cable % in. in 1 diameter, the drum being grooved . 


43 


The weed was fit "fitted with 


The hoists were built by the Lidgorwood Manufacturing 


‘could stand 100% « overload ut 
sparking. | They 9 were operated by a controller with a reversing switch. 

The cages, Fig: 20, were built of light 2-in. angle 
guided on 6-i in. vertical timbers. Tf the eage dropped too quickly, 
either through accident or toothed cams gripped the guides 


i automatically and brought the cage to rest. King and Hum rble? s patent 


gafety over- -winding catches fitted overhead. 


an additional precaution, a wire rope W was passed from | one cage 


— 


| 

Island City and 
of a p are of by having 
Avenu meters in the ratio of 
io being as 12 ft. ft. for the 
— and D Fast Avenue cag 
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to the other over ‘the pit head sheaves, which were grooved 


and, midway between the two pit- -heads, overhead, ‘it passed four times 


ze round a a drum fitted | with a band- brake controlled by. a lever in ‘the 


hoisting. engine 1e house. In the event of the hoisting rope breaking while | 
the ca; cage was being elevated, the loaded cage on falling pulled up the 


SPOIL CAGE 


Cer and bolt for st standard 


114 rod left-hand thread 


SIDE ELEVATION <4 


2 Spruce 


7 
x: 


3¢ Fill x 534 


SECTION 


When this occurred, the 


“operator put on controlling the band- ate 


free drum, and brought: the cages to rest without accident, this s being 

necessary only if th the automatic grips failed to act. 


To nything falling down the pit, a light wooden . 
4 prevent anytl ing ial ing down th e pit, a hight woo en cover 


rested | on the upper ‘floor and slid on the guides. » This w was ‘lifted clear 


Bw: 
— aa /@\ 
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automatically when the 


al gate lifted ‘the ‘cage came 


ion | when the “cage rose These were apt to get 
nost ust sa] method for protecting the bottom ‘eins with et 
ung across the ope in cars 
“two swing-b -bars. The loaded muck porn 
raul the ‘surface, were pulled out by ha and run into 
where: ere they upset 


“gravity was s such that the car came back to its normal position. a Ww the 


muck. was sticky, it was necessary to catch the on 
swing. 

| 


Pumping Pla no “pumps 

“necessary in the air chamber, as the air pressure a the water out — 
‘through pipes to the sump. it was possible, , under— special” cireum-, 
stances, by allowing air to leak into the pipe from ‘the: chamber, for 
the water to be delivered right up into the river without the use of 


pumps, but generally it was more reliable to blow the water from the: 


tunnel into the shafts and pump from there. 

At the foot of each | shaft, as a stand- by in the event of flooding, 

one special 6-in. vertical turbine ‘pump was installed. These pumps 


were ‘capable of delivering 60 000 gal. per hour. Three of them were 
built It by the Worthington Company, » and pay by R. D “Wood ‘and 


Company, ‘the motors, of 50- h.p p. . each, being made by the Northern 
Electric Company. ‘motors enclosed in a tight 


work: and large volumes of. w rater proved to be the Cameron No. 13, 
with 18-in n. steam a and 12-i “in. water cylinders, and a 20-in. stroke. 


were e the | main | stand- on Manhattan ‘side, while the 


a 10- in, stroke, installed. 
At the East Avenue site of the works, 
~— necessary in the headings and break-1 -ups, 
it the lower en 1 of thi is section. The he No. 


— 
— — 
UF Fall, Was that the car and — | 
— was Dune very was such that — 
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| 
number of pumps 
d tside the air-tight 
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pres 


ONTRACTORS’ “PLANT RIVER TUNNELS 


smaller ‘sizes were used | at various: 


points. These pumps take up 80 ‘little room ‘that ‘they ean stand at 


the side of the headings ‘without interfering with the passage 


| the operation | of pumps by air pressure is 


cleetrically, with : a 10- h.p. motor gi gearing to a crank shaft at 


leakage. 


We 


ne contractors converted ‘several « of their Worthington duplex: pumps Gwith | 


two water cylinders 84 in. in diameter and Tin, . stroke), and drove 


40 rev. per min. These > were very useful at East ‘Avenue, four 
them have at work ever since the air pressure taken off, 
the permanent pump chambers the river. efficiency was 


Spoil Removal. —At the East site, after the muck was 
“dumped into the bin, it was allowed to pass into | Tong Island Railroad 


and ‘was taken ou out. on | Long Island. At Long Island City, a small + 


of it was handled i in the same way, while the greater 


dumped from the muc k bins into 4- -cu. yd. side-dumping steel ca 
ted by a small locomotive and pulled up an in tne 


At times when shortage of railroad cars scows 


ue _ 10t available there was no alternative but to store the muck along the 


> 


On the Manhattan ‘side, the muck was “dumped into 00, yd. steel 


taneously, it became necessary, in order to keep t the tunnels, going, = te 

the 3 in the yard and reload it when scows were. available le. | 


dumping ears an nd run | by electric to: an overhanging 


eantilever staging, | as at Long Island City. At this site, if scows “were 


1 


staging or in the tunnel. Even the ‘muck bins at this site’ were too 


For, unloading, storing, and 
nts, ¢ eight locomotive eranes were provided. if ‘These “were built by 
Wilson, of Liverpool. They were of the usual ‘type, with 40- ft. booms, 
Bae capable of handling 5 tons at 16 ft. radius on a 7- ft. gauge, 2 and 13 ‘tons 
at 35 ft . radius. ‘They have two steam cylinders 7 in, in diameter 
a 10- in. ‘stroke, and « a 7 
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7 ft., and a track of 4 ft. -in. gauge ran down 
the center. This permitted the ¢ ‘cranes, when taking a h 

have the benefit of the wider ‘gauge; | when they wer 


the yard, handling light material, they stood on sat A ft. 
One cranes was of 10 tons: capacity, w 
tw 


9 


i in diameter in. stroke, running on 


cap 


q « cranes were ited drum ng a two-line 
shell, and were use used for ur unloading en ushe ed stone 01 


‘Toland side. addition | to these -eranes, num erou de 
Stone Crushers.—At each of the three 5, Style K, Gates 


gyratory. crusher, was erected. stone crusher was ‘set 01 on the ground 
level, the crushed stone being ‘elevated to the screens” by b bucket ele- 

vators about ft. high. These were 12 ft. long, 40 in, in diameter, 


with outside dust jackets. The refusals ran ‘through wooden 


the crusher, and the sereened material went to the storage | bin. The 


crushers were driven by a Bullock 1 motor of 40 hy ps 200 volts, and 


The screen was divided two sections, the 60 in. 
long, punched with § tn. ‘holes, and the second section, 84 in. _ long, 
lon 


with 12- in. holes. . 7 The outside dust jacket was 54 in. g, with 8-i -in. 


‘holes. They worked | very well, but, for economical crushing, it 


have been better to have hed larger sizes, 3 on account of the amount 


of sledging necessary before stone 


ia the were passing good stone at a time when little 

_erushed stone was required for concrete, a large quantity was. ‘rushed 


stored on leased land not far the Long Island City 


Later, 
Mixers. In: the early stages of. concreting the caissons 
for other work, a small No. 2 Ransome concrete mixer was fixed at 
each site. No very elaborate arrangement \ was made for 
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7 
iii: 
— 
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— 
q — 
q 
~ 
4 
— 
| 
| 
‘When concreting operations became possible in the tunnels, one 
tr No. 3 Ransome concrete mixer, driven by a 30-h.p. motor, was erected ae 
for each pair of tunnels. One of these was fixed in each of the Long iiss a 
| 


Ae 


shafts, and also at the East shaft, while, on the 
hattan side, , the 1-eu. yd. § Smith concrete mixing plants of | the United 


te Engineering Company, including storage bins erected inthe: shafts a 


"were purchased and used without ‘alteration (Plate CXV I). 
‘The ‘mixers were placed high enough above bottom of de 
shafts discharge into the cars, and bins of large” 


a ‘the bins, the girders | the part of the floc or were 


rtically, at 6- ft. centers, and reinforced concrete side- walls were built 
betw ween them; at East Avenue the bins: were made of timber ‘ 
concrete was disc charged into 24- -cu . yd. steel side- ears, hauled 


electric trac tion along the ‘floor of the completed concrete lining, 


concrete 
ed to an staging by an and incline, and dis- hh 


t 

timber su byate, held or on “eros Ss- of the: ‘tunnel 

= nin hey were made in such ler lengths, that ‘the arch. conerete could 


e in without cutting the main by at, and the length required 
to reach the flanges was ebteined by an extension piece on each end. a 
pe The concrete forms were entirely of timber coated with creosote. 
The only special feature was the method of holding up the laggings 
for the arch. Thi his was done with angle bars curved to wait the arch 
and held by eye- bolts: to the circumferential belie of the tunnel lining. 
This detail i is deseribed more fully in another paper. 
Pug: Mills. = order to prevent air - leakage around the tail of the 
shield and between poling boards, it was necessary to have plastic 
clay. _ This was difficult t to obtain, as the clay delivered on ‘deck scows 
was usually i in hard lumps. To soften it, two pug mills, made by C. a 


_ Raymond and Company, , were purchased, ¢ one for each side of the river. 

| They were 9 a. long and 30, in, in diameter, and consisted of a trough 

of }- in. steel in which a 4-in. shaft, rotated | 36 chilled pugging knives. : 


This was driven through ¢ gearing by a General Electric  Company’s 


hp. “motor. Their capacity guaranteed to be from 50 t to 75 


yd. in 10 hours of continuous operation and feeding. These were 


very useful in the early part of the | work, but, after a regular supp 


ly 
of soft Haverstraw clay was s available, they wer were not used so often. 


Ke _ Dredging Plant. ~~ order to take care of the clay blanketing opera- 
tions, a small ‘dump-scow w 


was which w was 
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Sand Chute. 
14. Lever to open Bin. 
15. Lever | to open Sand Bin, 
16, Water Barrel. 
17, Hopper Box. : 


19, Lever to open Hopper. es 
20, Smith Mixer, 


21, Motor for driving Mixer. ‘ 
Conerete Chute to Cars. 
28, Holes cut in Division Wall A. 
2%, Holes cutin Division Wall for B = 


25, Concrete Division Wall. 
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NTRACTORS’ PLANT FOR EAST RIVER TUNNELS (1255 
10- -ton Wilson locomotive crane with a 2- yd. digger , Fig 21 This w: was 
found very useful 7 digging clay stored ir in the slips at Long Island, ce 
for taking care of ‘ “blows,” but, as the War ‘Department limited the ay es 
width of clay blankets in the river, a large dredge was necessary for 
re- -dredging the clay blanket and depositing it ahead of the tunnels. 
As the prices quoted for doing this intermittent work were . high, it Ww as 
a paying proposition for the contractors to buy a dredge and handic 
work themselves. _ Therefore, they, purchased a clam-shell dredge 


ft long, ‘ft. wide and | 8 ft. deep, with: of 


cylinders in. in an -in. stroke, driving two pinion 


SECTION B-B 


"Weight of Grab empty Tons (Gross) 
 »Grab =47cu.yd 
208 cu.yd in 10 hours clay) 
WeightofCrane=38toms 


engaged in the main oo drove two dome 2 ft. 

‘The rshell bucket 


cu. yd. buck loa 26 0 ‘St y - 
yd. bu ke load d was 6700 Ib. steam. was by a 


“motive- “type boiler, 5 ft. in diameter and 20 ft. long, with | a grate area 


of 27 sq. ft., a working “pressure of 100 bh. Thien supplied enough 
steam t to make a of operations in 40 ft. in 
the forwar d end, ‘a mooring and spud- hoisting gear was 
en by a a steam engine 8- -in. cylinders 93 in. lone. . This 


rope drums, 3 


— 
— 


driven a by it. -in. frictions, an: nd two hoisting drums, 

the stern were fixed two “engines, each with | 


eylinders, 6 by 10 in., working by | a ‘single. -erank directly on a 


our acting 


: which ¢ dro ove two: ‘drums 3 3 ft. in diameter for ashe teyeenk Five anchors, | 
2 500 Ib. in weight, were used, and were attached by 1-in. n. steel ropes. 
On the Manhattan side, this plant had ft. of water 


current 


varying in either direction up to 44 miles 


maximum output was 1580. cu. yd. in a day of 10 hours, 
ge BE ssh tugboat Columbia w was purchased d for handling the dredge a and | 
were: 81 ft. long, 20 ft, wide, and 9 ft, deep, the 
Bross: tonnage was 96 tons. A boiler, 14 ft. long | and 8 ‘ft. . 6 in. in 7 


oe - diameter, supplied steam at 50° lb. pressure to a single- cylinder engine, 
ei. 261 in. in diameter and 26-in. stroke. , exhausting into a surface condenser. 
af _ Three scows were also purchased, namely, one 115 ft. in length, 
Botti: 32 ft. wide, and 12 ft. 10 in. deep, with six pockets, with a total capacity 

of 654 cu. yd, 7 and two scows each 1 112 ft. long, 31 ft. 6 in. wide, and 


deep, with six pockets, with a total capacity of 588 eu. yd. 
off the of the clay blankets, 


a a ate: act as stake boats, and were moored in the 1 river over the » edge of ‘the 


Blanket, with large notice boards, giving g particulars of the width and 

15> The foregoing is a summary of the e general plant used on the East. 
_ River tunnels. Plate CXI shows the general arrangement of the plant 


at the East Avenue site, One m medical air- r-lock, Plate CXVI, illustra ated 


a Disease and Its Prevention,” 


int 


‘ 


later shifted to Long Island er rooms were 
the shaft, and the plan gives a good idea of the ‘methods « of handling 


the materials. The powder magazine was p placed at the center of the 
block, as far the general public as_ possible. A small workshop 


contained the e following tools: 
One Sibley ‘and Ware e drilling ng machine with a a table 16 in. in 
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Ash Hoists. 


ion High and Low Pressure Compressor. 

ligh Pressure Compressor, 

rue 


oiler Original Installation. 

Boiler Installed in 1906. 


ssure Hydraulic Pumps. 


ssure Hydraulic Pumps. 


an 
and Engines for Forced Draught for Original Boilers, i : 
nd Engine. © Sinth Boiler, 
oler for Individual Compressors. 


oler for Tunnel Mains. 


ssure Receiver, 
Pressure Receiver, 


4 


Feed Water, 
rators. 


ro 


2"8team 


Bins 


OLP. Air> 
Wig 


Mains 


— 


s.] CONTRACTORS’ PLANT FOR. EAST RIVER 


-in. and ‘counter with 16-1 -in. knives, 
One Ajax | drill sharpener for 13 ft. 6-in. ee. 


already been fairly well described, but this plan | gives 


good idea of the general working arrangements, showing how the 


materials and the spoil were ha ndled. Two medical locks, ‘Plate 
 CXVI, were erected, along with a doctor’s office at the west end of the 


men’s dressing rooms. The powder magazine was placed at the end of 4 ‘ 
“the dock. An extensive workshop was provided, including the following te che 


One F Powis and Bale gap lathe, 18 and in, 


gap lathe, 28 and d 48 in., compound 1 rest, ‘geared 
-face- plate, 20- ft. bed, length | between 8 and 15 ft, 


24- in. Fitchburg lathe, ft. bed, 
One Saunders pipe machine, No. 7, complete, 
Two Acme bolt- -cutting machines, No. 2, complete, 
Jarecki pipe- cutting machine, No. 3 to 


a. One Williams and White double special punching and —_ 
machine, to. 1-in. . plate 6 ft. long, to punch 1}- in. hole 


~ 


One Bell. standard guide s steam hammer, with | anvils and dies, 


5 by 18-1 -in. oo ft. 11 in. by 2 ft. 6 in. bed, , height 


One band saw, No. 3 ft. in 500 rev. per min., 


One heavy swing saw, 80 in, 
wood planer, 15-i -in. blades, 6 in. n. deep, 


a 


One Hoyt, No. 22, 30 by 6-in. planer and ace 


iia 
— 
— | 
| 
| 
| 
— 
tm — 
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‘machine, 24-in. arm, drilling a 
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CONTRACTORS’ “PLANT FoR EAST. “RIVER TUNNELS 
machine, 14-in. stroke, 
Six ‘Buffalo, 1 No. Lo, ‘stationary forges. 


‘the Manhattan side, Fig. 92 and Plates | “oxy 

- OXVIII, show the arrangement of the gantry wid the comparatively 


amount of ground available for carrying out the work. As there 
was: little room 1 for ‘the storage of s ‘segments at this side, a a portion otf 


me and was leased behind the boiler- house at Long Island City, where a 


stock of tunnel segments was stored. ‘These were shipped to 


Manhattan from as required. 


obtained from the Dock Department. ‘New 


ree its -ferry- off ‘the: dock, the: 
Ay 


was not all that ‘could desired. ‘Two ‘medical 


a do office were erected near the building. ‘The 


nagazine the end of the dock, as far from the 
Sib: 


table 1 16 it in. 


Fosdeck k radial drill, 23 ft. 


One Harrington gap lathe, 28 and 48 in. in, ‘compound 1 rest, geared 


_ face- plate, ,20- ft. bed, length between centers, 8 and 15 ft. a 
24-in. Fitchburg lathe, 10- ft. bed, 


, No. 2, complete, 


f 
J pipe- cutting machine, No. 11, 1 1 to 6 in., also for 


One Fisher punching and punching -in. n. hole 
shearirig p plate 
One Bell standard guide steam | hammer, with anvils and dies, 


by 18 in. cylinder, 3 3 ft. 1 in by 2 2 ft. bed, height, 
ft. 2 in., anvil weight, 2 200 bb, 

One Fay and Egan, No. O, band sa | diamete 

heavy vy owing saw, 30 


Four N OH, s 


— 

| 
| 
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Wh drills, dies, and dollies, 


LOCATION OF PLANT, MANHATTAN | 


4 Addition to Compressor Room © = a 
§ Addition for High-Pressure Hydraulic Pumps 
6 High-Pressure Compressor House 


OilHouwe 
11 Long Island R.R.Station 
- 12 Long Island Expre: 


14 Rope House 


15 Powder House 
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| 18 Scale Platform i 
19 Timekeepers Shed 87 TideGauge 
20 Cement Shed 88 Resistance Box 
21 Cement Shed 
22 Sand Bin 
23 Stone 
24 Bolt and Drill House Lumber Pile 
25 CarpenterShop 43 Air Cooler 


26 Machine Shop a Pug Mill 
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30 Pearson’s Office 

31 P.T.& T.R.R. Co’s Cement Shed 

$2 P.T.& T.R.R. Co's Locker Building 
$3 Consolidated Gas Co’s Gas Tank ae 
$4 Cement Shed is 


35 Bolt House 
Be 


Ye 


: 
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De Lacy, as Mechanical Engineer, was in charge of 
Manha plant, with Mr. W. Newall at 
and East Avenue, Mr. Lewis, a nd later ‘Mr. E E. 
Pledger, in charge, with Mr. Nicholson and Mr. J 
Master- “Mechanics. Mr. Hjort, Electrical Engineer, was in 
- Great credit i is due to Mr. J. H. Jowett ; and Mr. A A. Hoffman, of ‘the 


‘Rand Company, their original layout of the piping 
which had much to do with the 


arrangements for ‘the power plants, 


economical re results obtained. 
The writer is indebted to ‘Alfred Noble, Past-P -President, Am. Soc. 


E, Chief Engineer | of the East River Division the Penneylvania 


Tunnel and Terminal ‘Railroad, and to to ‘Moir, M. Am. Soe. E 
York, the 


Vice- President: o: of ‘Ss. ‘Pearson and Son, , Incorporated, New 
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= Society not responsible, as a for the facts and advanced 


NOTES ON THE REPLACING OF THE SUPERSTRUC- = s 


OF THE HARLEM SHIP BRIDGE. 


By Horace J. M. Soo. EK. 


: the right, over - Farmer’s Bridge (built in 1759), , and then to ‘the left 
over King’s. Bridge (built i in 1693), ‘to Westchester 


stream early named -Spuyten Duyvil 


them 80, on ‘their return from 1] that battle in their ‘rapid march 
to capture Fort Washington. These operations were in a way typical 
alt the border wentase i in this ‘vicinity du during ‘the ensuing seven years, 
or until the evacuation of the ‘the city (1783), and doubt tested the” 
bridges severely as to their loa loading al d as arteries tr traffic. ‘King’ 


Bridge was 24 ft. wide wa Farmer’ Bridge. 18 ft. t. wide. 


not recur, and | it was ot until: 


——. 


il NotEe.—These papers are issued before the date set for presentation and discussion. 
Correspondence is invited from those who cannot be present at the meeting, and may 
“el sent by mail fo the Secretary. Discussion, either oral or written, will be ml 


will be published in 


‘ransactions. 


q q lished in a subsequent number of Proceedings, and, when finally closed, ‘the papers, 
With in full, 


rts 


age 
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Bridge Road in Upper “Waren Was us King’s 
Jf Bridge Road in Washington’s time, was the only connection by land | 
from: New York City to Albany and Boston, Going north from 
tion is easily surmised to-day, winding along the 
i 
| 
+ 
| 
— 
{ 
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OF THE 


to ‘march of progress, all t three. will be t taken n down in the 


 -'e future, and the former stream will be filled in ‘completely. a 
This i is due primarily ¢ to the excavation n by ‘the United States Govern- 
ment of what is known as s the Ship Canal. (1894), a waterway which 
- connects the Harlem and the ‘Heiden , saves distance to points on the 
- Harlem, and enables 1 000-ton barges to cut ACTOSS to the East River 
and avoid the dangers of the trip around the Battery. It req ‘required a 
_ swing bridge with equal waterwe ays: of 100 ‘ft. in the clear, and at each 


_ end an an approach span 100 1 ft. long at at King’s Bridge Road, or Broadway, 


_ The moving of this ‘recently built brid ge and the amend of 
‘the present one is the subject of this paper. 


The change: was agreed to by four parties, 
short, in a bridge with: T elevated tracks for the Interborough: 
Rapid ‘Transit Company; two surface tracks ss for the Metropolitan 
Street ‘Railway Company; an additional track underneath (four in 


alll) for the New. ‘York Central and Hudson 1 River 


a roadway increased to 35 ft. in width, and ei: increased to 7 - 


The City of New York, furthermore, took over old 


for use at U niversity a mile u up p the 


— 


Permission from the W ‘ar ‘Department was obtained 

te the . condition of maintaining for the new spans at all times a clear — 
waterway, 250 ‘ft. wide a1 and 15 ft. deep, and a. minimum clearance of | 


ft. above high water of spring tides, 


“8 _ Permission was obtained also from the Bridge Department of the 


ee of New Yo ork, which considered the x neighborhood carefully, and 
issued a permit allowing a “closing of. f the ‘said Ship ‘Canal Bridge to 
_ street travel for a total time of five © days of which not more than three 


Thus the p preliminaries were arranged, but direct contract work was 


delayed until 1905, which permitted a study of the ‘situation in detail. ¥ 
The Haarlem River ris san inland stream, about 6 6 miles long, subject 


j 


— 

id 

4 
a 

— 

| 
—, 

— 

: 
| 

ae . = the Hudson River, and at the east via Long Island Sound and Hell | | 


= REPLACEMENT OF THE 


Gate. T T he rise ‘near bri ge is 4. 11 


is 10 > current at mid- tide 
are very variable 


to be anticipated. considerable -summ r traffic on 


ngs were taken at various points, and Terry and Tench, the 


sub- -contractors, decided t to construct false- -work for the new draw- bridge 


@ ghore at 216th Street above the site, 21st 


Street, and to construct the ‘approach spans on shore near Broadway. 


It was thought that dredging would not be necessary. haw 
Pile- driving began at 216th Street, in May, 1905. ‘There were 
bents of 10 piles each, 3 bents of 15 each at ‘the center, all being 
spaced ca refully w with ‘relation to the floor- beams and the pivot. . Beside 


_ two clusters were driven, one at each outside end, for protection against 


river craft, and some others to connect with the bank. T he piles were 


of good size, as long as 5 ft. on the deeper side, and were driven 

_ practically to refusal, penetrating y from 10 to 20 ft. into the 1 riv er bed, but 


“not to bed-rock. The cay capping and bracing were finished in September, 
South Approach Span — —Meanwhile, the framing, bracing, and deck 
‘ing of the bents for the south : approach s span was by August 


The total force at this time was 50 men men, using (100 by 
30 ft. -well-eq -equipped steam lighter with | a steel derrick 

riveting was completed by October Ast, and the special we work for the 

surface tracks by October 14th. There were 14.000 field rivets. 


general ‘scheme was to the span ou out and the new 


was at ‘this time resting at that end on ‘on the cribbing of the 


and & at the other end on two sets of cribs on railroad trucks and tracks. 


a ‘All masonry: parapets interfering with ‘the sliding of 1 the new sp span 


eastward to 0 place w were ‘removed, a anchor- bolts v s were re cut, and steel —, 
e 


‘inserted, and a double track was lined ‘and surfaced parallel to th 7 


On October the nev new “span, weighing tons, was moved 


diagonally: northwest about 50 ft. to a point 115 ft. west. of its” final 


position, thereby providing room for the two scows to act in | tandem. 


All end posts were then freed, , and the span was supported at ‘inter 
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mediate: panel points by a scow at the north end the two wo sets of 


trucks ¢ at the > south end. 


On October 19th, at low A.M. u.), the old approach sf span, 


S wha 240 tons, s, having been eribbed Up on trucks at one end, was 


wedged on n the scow at the other end. 8 A. May the north 
until 10.45 


ee A. M. the drums of the 4 


trucks of the old span, and one. three-sheave block wi th the new. 
x Both were adequate, and the entire mass was was moved out easily, until 
.. e old s span ‘was entirely ¢ clear of the masonry. Owing to the se ettle- 


the tracks this move, and e fact that the tide had 


to sera scraping d “distance, and for a a the success of. ‘the last 


= 


of the n moving was a matter of conjecture. However, ‘span 


temporary plank roadway was at ‘once, mal the first vehicle 
- passed over the bridge a at 5.45 P.M. At noon the Barber Asphalt Com- 


began ‘concreting ‘the buckle- -plate floor, and 1 completed the east” 


North Approach Span.—The erection of separate for the 
112-ft. sp span ‘was begun on September 5th, 1905, about 300 ft. ‘east of 


Broadway. The truss ses were at 39- ft. centers, and there were | 


— 


panels, t the same as in n the: south spe span; the total weight ' was 380 tons. — 


Cribs were erected under alternate floor- beams, as, leaving one panel over- 


7 hanging the bulkhead. ‘The foundation course was s composed of twelve 
oe —16 by 16-in. p in, pieces | laid side by side; the se second course was four 16 b q 


16-1 -in. 1. pieces, ces, square with the first, , and the top half of each crib was 


made up o up of three 12 by 12- -in. pieces of diminishing lengths. The level — 


of the top” was made 10 in. higher the ultimate position of oil 


__ Erection w was begun ¢ on September 12th, ore took two weeks. Then 7 


riveting began, and was finished on October 28th. There were : 16 000 


field rivets, practically all driven by p power. Meanwhile, the New ew York 


‘Central and Hudson River Railroad Company complete d the new north 


During thi this time, much care ‘in lining, squaring, , and 


leveling | the: “trusses ‘and floor-beams. Owing to the direction of the 
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_ shore line, it was impossible t to ‘erect the > span enone with its 
final ‘position at Broadway, and it was necessary to roll it and “float 


it ft. to the south. To tracks were laid, a pair of 


two south panels extended ‘There was not room 

_ enough for another scow, and so the <a was again dropped on n the 


At the next ebb. tide, e, the second ‘panel point was 


second pra point, and all was made Teady for a run westward. ‘There’ 
were two tracks ¢ on . the shore end. On November 2d the span was moved _ 
‘ westward to near ‘Broadway | by using a stationary engine and deadman. :. 
‘The next step, the track extension westward, was a puzzling problem, 
14 


ie for the channel was only 40 ft. ft. wide between pier and bulkhead, and > 


‘the latter curved sharply to the s south, west of Broadway, and it was 
important to insure the ¢ different clearances o! of. the 
“track of 200 radius w was laid out, carefully eased off. at the approach, 
Super- -elevated and braced against ‘the ‘neighboring bank. 
- It was foreseen. that the ‘ribs would have to turn on 


the trucks, in 


PB manner similar to that of a car body, and, to provide for this, two. 


iron bearing plates, well greased, were set in place, but not fastened. i. 
‘The north end of the old span required | three trucks, one under cach 
chord, and the new span required two 70 double trucks, a 8, a pair under eac 


ach 
point support. All w walls, anchor- bolts, steel wedges, ete., 
On November 6th at low water (10.30 A. M.), floated 
under the south end of ‘the ‘old span, and 3 ft. . west 0 of the other scow. 
The » clearance of the northwest corner of the pier was was 8 in., and of the aa aa 
stationary engine had been placed 200 ‘ft. west, and lines had 


been passed to the trucks of both spans and attached. The 

lighter was: placed east of both | spans and connected with a deadman Ea 

west of the bridge. Tt was calculated ‘that the — would counteract 
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effect of the | pumps and the tide the old span 


to rise e clear of the | pier r at 2. 00 P. M. é An hour or so later, levels showed — 


the new span to be ar an average ge of iiie in. a 


above the seat. 


70 ft, ‘and the westerly truck was at west 
end of the curve. An examination of the plates at the) west. <a 
trucks | of the old span showed that the upper plates had slid slong the 


—_ ones and were nearly off; also, that the axles of the east truck: 


_ under the old span, and of all the trucks of the new ony 
or bowing up in the middle, under the « excessive strain. | 


condition was as partly caused by the undue of the 
lighter. halt was called, the cribs were ‘jacked’ up, and the old d spa: 
was moved toa ‘clea e point, shortly after 5.00 P. M. 


the new. span wa 


mps set to work. By .M. south was a 


ort in nd was la ande ed usi —— jacks, after 


until midnight li quid s seemed to have af 


the cribbing from time to. time. 


he bridge had been to vehicle 


e bri 


idge, rolled on tracks far enough to the canal, and ‘the n 


cri ibbed up until required a 
he a asphalt roadway W was com leted on 17th, 


"he New Draw- -Span.— he ection of the new draw-span began 


in ‘December, ‘and iianiien til the strike of January 1st, 1906. 


nio on Jabor had been getting $4.50 for 8 } hours’ work and wanted $5. 00, 


= strike lasted until | February 12th, a a compromise was effected. 


Litile of importance ‘meantime. we eather was ‘particu- 

larly fine, and later became an element ¢ of “expense, 

wood bracing was. put into the old ‘approach ‘spans for protection, 


odd jobs: were attended to. Also, ‘the New Y ‘ork rk Central Hudson 


‘On February 141 1th, power- -riveting beg gan on. the roadway stringers 


floor- lates of the m motor ‘platforms. The force was soon increase 


Railroad begs runnin 1 trains nder- > 
ga un the north span. 


i 
— 
hard 
— 
4 previous to moving. 7 
q 


to 45 ‘men. All had been lined and leveled s some weeks” 

but required constant examination, The concentration of Joad- 

ing had been near the middle bents, but , of co course, » decreased as the 

top p work advanced. Two derrick- lighters "were moved about 


structure on both ‘sides, ;, and bumped the piles 1 more or less; and the 


stationary engine 1 iv eting guns added somewhat to the vibrations. 
On February 24th, new south span was connected with 


south of it. The temporary ‘terminal station at Street 


Cracks: having been in 27 by -in. connesting angle 


plates of the | pivot and loading girders, new on ones: were ordered, ‘and © 


arrived early in March . After n much cutting out of all rivets affected, — 
the e girders were 1 riveted up with 1-in. rivets as before. — It was decided 
that the material was good, but having been shipped in an exposed — 
"manner, attached to the girder, the « damage had occurred in transit. a 
x maximum force was 70 ‘men, including 8 riveting g gangs of 
men each. In this span 122 field rivets a and 7 000 bolts were used. 
were erected. The eye- bars had been easily connected, : as the ends of a 
- the trusses had been raised 14 in.; but the cross- ss-strut at the king- posts a 
The adjustment of the machinery ‘in connection w ith the electric 
ew proceeded until the last of April, and from this time until the e 
middle of June, the draw-span remained on the falsework, a 
5 — Moving y the Old South Approach Span—On May 1st, 1906, the old 
south approach span, weighing 240 tons, was floated to 
Heights on two scows, after having been run off the bulkhead on three 
tracks. There was some delay at on ne corner in detaching it from ‘the 


shore crib. ‘he contractors ordered fresh jacks, and the crib timbers 


2 3y the end of March the m main trusses, | with sway sway and lateral boosie, . 
q 


cut and slashed in order to drop that end clear of 


‘This was a typical operation 


It was: s high 1 tide when desti ation was reached, and scows 


were straddling the end Ilers were ready on the pier, 


there was: no delay in ing the westward to the temporary 


‘cribbing on the bulkhead ; whence, few w days later , it was” rolled still 


farther west to the final position on n three well- Il-braced 


ork: at the Old Draw-Span— k 


ats 


the old draw- was the the of th ‘the ye-bars the 


ne- 


top. 
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‘filler plates. te ome the ne new a casting ft 6i in. in 
ta fe transfer the weight to the ‘Pier; but but, as the old rack was to gear ; 
“a with two pinions with | shafts, as -as before, ‘it was important that 

= the ce center of the rack a and ‘the. center of the pivot should ‘correspond. _ 


= 


Precise measurements were » accordingly taken inside the old drum 


» transferred by transit sidewise, up over the drum and thence to the 
roadway, where it became the governing point i in lining up the spens. 
in M May, the old anchor-bolts were cut, and the center- pin : and 
casting were suspended, _ together with tl the radiating rods and struts ts. 
ity 


— - The old rack was left i in place, and a new one was put in at cine 


_ The old wooden trestle, used as an oiling platform, was torn down, | 


as it was designed to oil the new yan while the draw was closed. a 


ite, 


with a view to the immediate operation of ve bridge on its ax arrival 


at Broadway. All riveting had been completed, and the | compressors 


As it was necessary to use four scows tc to carry the draw, some of 

the piles. of th the platform hi had to be removed. This left two bents at 


bents- under the e center, | supporting the entire weight 


“each end and five 


: of the the draw ond the platform. The removal of of the piles was completed - 
on I May 2 224. ‘Levels, taken two days later, showed that there had been 7 


th the new draw as well as the old, the true center of the pivot was 


d up precisely, and located on th the roadway. Measurement to the 


curved « end faces showed a discrepancy of in. 1» ane error 


‘serious in its: relation to the clearances of the approach spans. 


aid. 


the erly pert of June, as 18 the d days went impending 


move was not ‘made, ‘it was: reported that the draw was creeping south- 


a 


order to provide for compressive strains while in transit to University 
RO beat > > Heights. This was early in May, 1906. As the new draw was to rest al 
a y ona center pivot, and was to have only a few balance wheels or “tippers” _ w 
a 
‘a _and resulted in finding and reterencing the true point. 18 was 
a 
4 
| 
= | 
| 
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ward on its falsework, — reduced, as stated. Observation 

‘piles were out of plumb, and that the caps 

were sagging on the cer center dents. ‘Fixed lines by instrument were: 


costablished on shore, and ‘sights were taken at regular intervals for 


next week or more; ; but only t temperature variations were to be see _ 


‘The average load on each pile was 12 tons. oe Lee 


‘There was no disposition to delay the work, may be imagined, 
: 


particularly as as the -eenter * pier at University Heights wa was completed ; 


and operations were prosecuted with great energy by Superintendent : 


his force of 50 ‘men, up to Tune the 


low water (10. 15 it was as swung for the last time at Broadway 


through an angle of 35°, lining up northeast and southwest, and just 


clearing the approaches. with well- ‘braced cribbing were 
floated under each placed parallel to the channel, , after allow- 


ing for the proper clearances at 207th Street. ‘suspended 


ote, braced and guyed to the adjoining scows. weight. was 900 


tons, exclusive of cribbing, ‘and the of each ‘scow was 


scows had 4 ft. of water inside, the wedging and 


blocking up had been done, pumping was commenced by the aid of 7 
steam from four tu gs, two lighters, and a. boiler- ScOW. There 


three 2-in. streams from the north and south s scows, ‘and two streams 


an 8- in. centrifugal, from the other scows. 
12.30 P.M. M.—The rim wheels were barely off the circular tread, and 
the ti tide had risen nearly 2 nm, as n noted on the neighboring tide gauge 7 
of the Dock Department. © | 
p. M- .—The scows were 3 ft. out water, and the the depth of water 


2.45 -M.—The lower struts or arms to the rack (which had been 
‘sawed off) on clear, ‘except at the west side, where much wedging and 

- 2.85 p. M.—AII clear; ; the bridge drifted eastward, grazing first one 
approach and then the other. 

2.45 p. M—The lower struts cleared the southeast corner of rm 
circular: rack, and tugs: signaled ahead.” The _bridgemen, 
being no longer needed at jacks, lines, etc., were relieved temporarily. x 
_ Two tugs (each rated at 400 h.p.) » ‘were placed in in front and two in od 


rear, they were shifted the bend and 
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out. ‘the ws the only incident being the considerable amount of 
mud stirred up at one point by one tugs. ‘The writer was 
"stationed on on one of the middle scows. There was no creaking of the 
_ top chords, or other indication of strain in the main trusses. Some of 
braces about the drum looked well “tuned-up, -up, ” while the diagonals 
were taut. . The cribs were solid and well connected. JB aia 
45 p. M.—Arrivi ing rat University Heights, the various clearances | 
were | found to be sufficient. — No bumping against t the timber protection 

pier ‘occurred. The to the drum slid past the round ‘coping, 
and the rim wheels were well up over the rack, and, in fact, afterward, 

they raised somewhat. The pumps w were ‘again applied, a and the tide’ 

helped to drop the mass" on the pier. the pivot casting 


near to place, the holes were seen to match, and the anchor-bolts were 
10. 30 P. M.—tThe | pinion engaged the rack, and, steam having been 
_ maintained all the way up from ‘Broadway, the span was turned one- 
“quarter around, and left in the open position above the ] pier protection. 


Moving the New -Bridge-—On the following m morning (June 
15th), the scows were taken to 216th Street and placed diagonally 
before. day w was spent in adjusting the cribbing, calculating on 


A finder-ring g for: the new pivot casting w: was 8 placed accurately o on ~ 
old pier, and wedge “plates to relieve the pivot, “were provided on its 
and west ‘dion, the end piers, the latch and plates 


During the night 1 rain began to fall and continued throughout Tune 
16th, with the» wind i in the east. This had the effect of raising the low- 


“water level 1.3 ft., and caused 1 delay in cribbing up. Later, the 
north scow ‘grounded, in spite e of this, showing the need of dredging, - 


and causing 4 further delay; s0 so that, with high tide due by almanac at : 


P. M., it was 1.00 P. M. before pumping ¢ out began. 
‘The the same as before, with an added centrifugal pump 
and a) number of hand- -pumps. _ All were needed, for it was not ‘until: 
4. 15 Pe that the pivot was clear, although the ends had been so for. 


20 the pivot we was 10 in. clear of its’ seat, the latter being 

at 94 above mean high water. The top of the pier 

4 ¥ ‘Broadway was nearly the sat same (Elev: ation 10. 89); but the wheel tread 
Was about 1 ft. higher (Elevation 12.11), and this governed the lift at 


216th Street, and the consequent time of starting. 
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p. M.—The pivot was 14 in. up, and there was more 
time, as the tide seemed to have turned. Tidal records showed that the 
‘flood tide was 0. 4 ft. higher than usual. The order was fir finally given, 
and the immense structure (weighing with cribbing nearly 2 000 tons) 
was slowly pulled out into the stream, pivoting on the northwest — 
and lining up, broadside to the north. The channel was none too wide, 
and there was some sweeping away of blocking into the river. O One of 


four tugs detailed to butt out that and thenceforth 


"reduced, lines were cast off, and the whole m mass, grazing the saben, 
| eased into its berth. The pivot casting slid over the a 
margin of an inch or two. 


_ 6.35 P. M —T he casting, somewhat out of level, hung over the pier 
15 in. clear, and there was ample clearance at the approaches. — 
were made fast, and the tugs were used, as | before, to furnish steam — 
for pumping water the ‘The ‘two scows. at the north end 
bs were loaded heavily, the water being within 18 in. n. of the ¢ deck. ane 


7.00 P. connections: had been made, and were 


the draw. The south pinion was evidently about right, 
«8.15 P. M —Owing to the failure of a centrifugal pump, one 1e of the ee 
northerly scows had to be sunk, and the pivot casting was 4 in. above 
the pier on the north s side, and 6 in. on the south side, an inequality 
which was magnified greatly at the ends of the draw. 
30 P. M. —The span rested on the center pier. 


30 A A. M.—The scows had dropped and were free the 


south arm. . An hour later, the same was true for the north arm. as 


45 A. M m.—The bridge v was ‘swung by hand- levers, and 

wedges were in place, but not adjusted. 

6.20 a. M—The span was swung half around by electric power, ail 

it was found that it could be operated quickly ar and satisfactorily. _ The 


aa ae aprons were repaired, and the roadway was opened. — 
A.M, —Measurements at 68° F ahr. showed that the space 
the: draw and the approach s span on the north a measured 2% in. and 


The week was as spent: in ‘shipping away timber, thereby releasing 


the 'scows, removing, the chocks fro from the top chords, taking down the 


pile platform, : adjusting» the aprons, wedges, and Pinions, installing the | 


circular r feeder tracks at at the pivot, and ‘connecting with the an 


rails | above. _~By th the e end of Tune, the : approach spans had been —_ up, — 


The asphalting was well 
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~~. It wa was decided to put in n fixed aprons on the approach s ‘spans, and to ; 


- close the st span in one ne position only (without reversing), « on account of 


the number of | important ‘rail connections. Later, it was found neces- 


to stiffen the rack with iron knees, at intervals. 


Much of the new equipment was. done by the 1e Bridge Department of 
N ew York City, in accordance with its practice on on the Harlem 


This is ‘the only, pivot- bearing draw on the river. The weight on the 
is 1 500 tons. is operated by two, 60-h.p. electric motors, and, 


considering its weight, is | handled n more easily and quickly than any 
other. Occasionally, it delays traffic, while opening : and closing, fora 
“period of only ‘4 min. In addition to signals by whistle, and electric 
“bells, there is a telephone connection (seldom used) between tower and — 


engineroom, 


During 1907 and 1908, the shafting was was, partially renewed several 
times, due to causes which were exceedingly difficult to locate, but 


resulting in twisting the shafting. In J une, 1907, the latch ¢ girders 


_were firmly fixed by. reinforced concrete around and about them for the 


‘the draw was reduced. 

ct act price for removing the old bridge and it 


N orth Approach Span—In- November, 1907, 

approach span, w which had been left on the south bank, was rolled toward 

‘the | river and received by scows, in much the same aan: as described 

previously. The scows floated broadside through the draw channel, 

and were afterward swung around, with o1 one tug in front and one in 


rear. The top of the east pier at it University Heights was over- run 


- comfortably, and the rollers did the re: rest. As no water was pumped into 
the scows, several tides were necessary before the final position on ‘the 
Masonry w was | reached (N ovember 29th, 1907). 


“fa University Heights Bridge wa was declared open by Mayor George B. 
McClellan on ‘January 8th, , 1908. 


In all these operations, extending over a period of two years, there 
was no accident of a serious character to any of the force employed. 
‘The Rapid Transit Commissioners were represented by George 8. 


/M. Am. Soc. C. E., Chief Engineer, Alfred Craven, M. Am. Soc. 
OE, ‘Deputy Chief Engineer, Sverre Dahm, M. “Am, Soe. C. E., ( Gen- 


Inspector of Designs, , and by V. Powers, M. Am. Soe. C. E., 
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Logs 


Division Engineer. The writer acted as Resident Engineer, and takes 


“Messrs. R. A. Berry, L. C. Devery, J. DP J. Smy 


C. Torpey, and Ww. Vallely, Assistant: Engineers; W. 
‘Rodman, and 1 Theodore Belzner, Jun un. J Am. So Soc. Oo. E, Inspector. — 7 7 


Rapid ‘Transit Construction Company 


George ‘Pegram, M. Am. Soe. | E, Chief Engineer, and A. S. 
‘Berquist, M Am. Soc. | oO. E, Inspector of Steel. Steel. 


Historica Notes. 


Ins searching for records: of similar operations, ‘the first, ‘chronologi- 


cally, of any any magnitude, is s seen to be first in magnitude with 
: eference to the tonnage 1 moved, if ‘not ot in regard to the velocity of the 


current. and the exposure to gales; and, later, _ in relation to special 
appliances used in raising to place. This was the work of Robert 


Stephenson in connection with the Conway and Britannia. Bridges, : as 


Mes Stephenson had led up to those | pioneer monuments by various _ 


achievements i in “his practice. ~ He had acquired habits of close technical — 


of operation with other engineers, architects, 

__ parliamentary committees 8, boards of directors, and, in 1 fact, with n men 


recorded chiefly by his assistant, Mr. Edwin Clark. 


of all classes. He could say the r right word at a dinner; as for instance — 


when he noted the reduction of time between London’ and Dublin 


- possible by the bridges, and spoke of engineers as being instrumental i in 

“bringing a better understanding between the English and the 


9 It ‘required a very able man to make the jump. to the first long- aa 


wroug iron bridge; for, as s Mr. Clark says, the of 


we 


anak 


work or iron ship-bailding and had been Ii little resorted to. by 


7 the Civil Engineer, until Mr. Stephenson proposed | the construction of 


these bridges, 


- All wonderful things | cease to become so, however, w when the separate 


steps are studied; and perhaps the transition from an iron ship, with 


ee The Conway and Britannia Tubular Bridges,” Lo London, 1850, by Edwi in Clark, Resi- aan 
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‘REPLACEMENT (OF THE HARLEM SHIP CANAL ‘BRID IDGE cz 
ribs an and knees" at short distances, to the rectangular tube, with web 


"stiffeners and gussets every 2 ft, together with the cellular top 
bottom, borrowed from a p previous design of his, was ‘not intrinsically 


0) great an innovation, after all. wat 


- The » spectacle of an accident to. an iron vessel and the evidence of its: 


-stanchness in and holding together, to ‘how 


through on Ms as to the ability. of a ‘similar iro 


framework to carry rolling loads. = 


Later, when the method of floating the tubes w: was ‘considered there 
7 naturally followed the idea of doing without the u use of scows, but, for — 


good reasons, that method was not adopted. 


|The Conway B ridge—Work was wisely begun on the bridge, 
at the Conway River (May, 1846), and, after two years of experiment 


and construction, the first tube was floated from its f falsework, some 


600 ft., to the site it now occupies. 


Steam riveting machines had been used throughout, and half- 


“rimmers.” had been decided chiefly from wed on 


tube a at “its sends out 


es. The resulti ng a 
was 
high, 14 ft. wide 


lon ng, = having a a weight « = 1417 tons of 2000 Ib.) was vay by six 
8 (each 98 98 ft. long, | ft. . wide, and 8 a. deep) arranged in two 


This provided overhang a at each 
the recesses of the abut tments, at some 


athe water. 
was 
posed the one: be controlled in a manner similar to 


that: of, a ferry on as ‘suspended ‘cabl ple, b but they, proved almost useless, 


and 1 of the hauling was done by two Manila hemp eables, each 


operated from a. a 50- capstan, The for force was about 350 men, on 
land and water. / A steamer was at command, ‘but seems to have acted 


Some progress was against the | ‘rising tide, but more 


“it slackened at the ‘flood, and enabled thee tube to be easily hauled to 


“place, the abu utments by 4 4 in, at each end. The average rise | 


— 

so small that no similar tes{ 

— 
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of the tide was 18 ft. and the clearance of the bridge was also 18 ft, per 
that a ‘lift of about 12 ft. remained to be made. 


na This w was ; done by a hydraulic press (18-in. ram with a 6-ft. stroke) es 


frame 
weight of the tube w ransfern ed first toa cast-iron frame 


insides to eye- bars. wit pin ections;, ; and thence to 
cross-head of _press above. small st am engine an pump, to 


Barring pulling out of a linder head, and the delay re- con 


the 


may be here tl the early to 
“painting plates be: before riveting ‘them together, which was, that close 


contact is. thereby prevented. The claim was mi made. that old pieces sof 
‘riveted w ork ¥ at the joints. here necessary, a mix- 


hite as a filler. 
ture of red and whi hite lead was used asa fi ler, 


cellular floor and top chord, built up of and angles, were 


enou th he inside. 


over the whole tube. 

The: price per (long) ton was £37, and the total ont of the Conw ay i 


‘Bridge was £145 200.0 


The Britannia Bridge. —The Britannia Bridge connects Wales and 


the Island of Anglesey, across Menai Straits. _~ two ) main spans a 


or 


150 tons. 
Tn eae tube 650 were employed, about 400 being 


yew 


— 
ea 
ed through on the first locomotive in April, 
| — 
1 7 
approach spans were constructed on falsework at the site. 
~The Government required 105 ft. clearance above high water, and 
h 1 _ therefore a hollow, center tower, 220 ft. high or more, was required dooce: certs 
on Br ia Rock. The foundations were begun on Good Friday, 
184 lhe last stone was laid in June, 1849, the masons working 
12 hours a day for 6 days in the week, in order not to hold back the iL wee 
to = 
“i 


hired for the occasion. Hight Scows were used, in much the 


same way as at the Conway Bridge, and v were guided by Manila . cables 
buoyed up by casks. Tarred Manila ropes were 1 ‘used for hauling, 


with “eable- -stoppers’ and ‘ ‘messengers.’ 


3 The : four yur tubes were handled in conformity with written instruc- 


tions, s, after Mr. Stephenson had made. experiments models on a 
‘small pond. ‘The various: rocks: and shoals were indicated, together 
with: the > scows, tubes, and lines, and everything that it was possible 


At the e moving, he ‘others: including Captain Claxton, 


had immediate charge) oceupied a ‘Position on | the top of the tube, 


and from that elevation signals by flags were g given 1 to each boat 


cables s snapping, and of severe yet, in general, the 1 men _were 


equal to the e emergencies, and landed the tube each time al the : = 
cesses of | the masonry, before. tide fell. | steamers we in 


The lifting nla @ was considerably improved, the pre press having 


a 20-in. ram, lined 5 with 1 brass, and having | a 6-ft. “stroke as before. 


‘by a second leather collar below the. first. 
Brickwork in cement followed closely, but, this, 


first tube, 
damage. 


were ‘stopped oatmeal gruel and ‘sal-a -ammoniac, and, later, 


during one lift, dropped 8 or 9 in., doing considerable 


In ‘the 1 raising of each tube, 6 ft. per day was accomplished for about 


16 days, and a single track was based in use in March, 1850. The fourth - 
‘The Britannia Bridge was by ha nd. The total cost was 


‘£601 865, ‘and of this, one- -fourth was for - - masonry. - Both the Conway 


and Britannia Bridges are still in 


__ Associated with Mr. Stephenson were Mr. I. K. Brunel, and Captain 


: Claxton; and as these gentlemen were soon afterward engaged ¢ at the 
Chepstow and Saltash Bridges, in similar ‘movements, brief. mention 


Chepstow Bridge.— 


the Wye), barring , pneumatic p process ‘used in ‘sinking 
was the design and. erection of the 300- ft. 


= 

“4 
| 

we 

— ~ & 


‘eter, treated like a trussed beam of three there 


Following out. the cautious of the Conway Bridge, the 
first span was erected on falsework and tested with ; a live load of 23 
(long) ‘tons per linear foot. The wrought iron in each truss” weighed 
—460— (long) tons. It was then taken apart, and the tube itself, sup- = 
ported by posts and chains, was floated (April, 1852), on six wrought- 
es barges. It had to be done quickly, as the rise of spring tides was 
ft. use of crabs with two barrels enabled hauling- -chains to 
‘The tube was lifted by jacks, during the ft, and, 
later, it was raised 50 ft. more, to its final position. 
single line was opened up in July, 1852. was the first 
 cireular tube of large size introduced as a bridge member. 
a. The Saltash Bridge— —In the Saltash Bridge, a single- track ante 
ture a across the Tamar River, nes near Plymouth | (also on the Cornwall 
Railway), the ~ chord tube wa was made elliptical (16 ft. 9 in. wide 
and 12 in. high). The bottom chord was double. The of 


truss: was a bowstring, with the string curved equally w with the bow. 
Mr. Brunel* (3d) states that “the ‘mode of floating and lifting the 
superstructure had great influence in the of the design” 


meaning: and cast-iron columns, well 


design, 


were single sp; spans of 455 ‘ft, 56 ft. high, and ea each 


1 200 tons of wrought The bottom chord was was of 7 by 1-in. 


bars, 20 ft. long. There was a solid ballast floor throughout. aoe 


‘The work w was as begun in 1853, but ‘was delayed, on account of ‘the: 

difficulty 0 of. founding a 35-ft. “cylinder, by us using compressed a air, at 
- depth « of 88 ft. below high water. er. This was the first successful attempt 7 


the was s manufactured, put togethe 1er an 


distributed. ~The was 5 or 6 i in., and was 


*“The Life of Isambard Kingdom Brunel, Civil Engineer,” by isambard- Brunel, 


| 
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as. late as S eptember Ist, 1857, before the first span was 


and i d information in relation to it ‘comparatively meager. 
‘The: methods used at the Britannia Bridge v were followed. The a actions: 
of the 500 men engaged 


instructions which had ‘been ‘issued, and with flag s signals from the 


. Brunel and others. were stationed during the 


‘The move was at first from the shore, then, after an i inter- 


val in which the hawsers w were up the river, endwise 


The iftng wa done 3 ft. at a e, separately at each end. | i 


the center pier, cast-iron columns (braced) were ‘built up as fast = 


these lifts were made; but, at the shore end, the masonry ‘proceeded 


more slowly. | ‘There 1 was no cause for hurry, as the river traffic went 7 
through the other | opening. _ There was finally a clear distance of 100 
ft. above ‘spring tides and the total tal height above the foundations was 
260 ft. t to the highest point of the trusses. 
‘Three hydraulic presses or jacks were ised under ‘The 
rams had a screw- thread, arranged with a a nut in such a way that the 
tas tube was supported at all times. . Timber packing was also used. Tr By 


July, 1858, the full height reached. The ‘second | span was floated 


successfully so soon after. May, 18 185 9, the bridge was is declared open 
by Prince Albert, after whom was Royal Albert Bridge, 


total « cost -£225.000. The - fiftieth anniversary has recently 


celebrated, the old bridge remaining as it was as originally. 
f 
q 


Other Bridges. —Passing by well- known examples « of this method of 
erection—the Moerdyck Bridge the new Tay Bridge (1885), 7 
the ‘Hawkesbury ‘Bridge (1889), and ‘others of 500 tons or less, 


which : about the : same or similar principles were involved—we come 


(1890) to the 523- ft., single- track, through bridge ac across s the main 


7 channel of the Ohio > River, below Pittsburg, on the Ohio “Connecting 


Railway (Pittsburg, ‘Cincinnati, Chicago, St. “Louis” Railway), 
erected by the Company, C. Strobel, M. Am. Soc, 


ae span and also a clear 


Se 
— 
= 
— 
pe 
— 
a ee _ placing by strong lines at the piers. There was a clearance of a few 7 
— 
si 
4 
‘ : 1 
t 
— 


1 


height of 75 ft. above mean water level, and having limited iis time 
during which the “river: might be obstructed, it it "became necessary to 


build the. falsework ‘at a corresponding height, assemble and erect the 


bridge upon n it, and then float the structure to ‘its ts site, as quickly vs 


possible, 
-— Nineteen bents of 5 piles each were driven and cut off 16 ft. 
above the water. On ‘these were framed bents of +5 posts each, with an 7 


0-ft. sill and a 32-ft. ‘cap, all with the usual railroad trestle dimen- 


* the base, across each alternate bay, 20-1 in. 
30 


The weight of the bridge > was about 900° tons. tons. The trusses were 
65, ft. high. The bracing of f the bents in into towers. and the binding 


"study, and, ‘once accomplished, eliminated ‘cause of un- 
certainty. At Hawkesbury, the. ‘Union Bridge Company had effected a 


= 
this by a a single pontoon, 835 Tong, well beneed. with timber 


eve In both “eases, the hevline to place was d done te: cables. 
wy. At Pittsburg, two SCOWS were fastened t to the ‘bows of ‘the 
hegiee (leaving the three barges in the middle unattached), and on 
_ these seows four engines controlled the lines up ‘to the bridge piers. 


The nine barges ‘were together at the bow, and, after floating 


out to clear the piles, they were braced likewise at the stern. oe ‘The 
current in the river was slight, and, although : a couple of heavy showers _ 


occurred while the scows were being | mov ved ‘the few hundred feet neces- 

* y, there was no bumping against shore or against obstructions. . 


The itinerary of the work was as follows s:* 


50 A A 


ifficier ient water h hea d been pumped from 


the so that the mass on n them. + 


es (11.15 a. m.—The barges had been floated d out toward the center of. 

river, thereby clearing the bents of piles. 
7.30 P. M.—Water was again admitted to the barges, and. the sp span 

8, 20 P. M.—The ‘span was about 9 in. clear. The work was blocked i 


up and left until the following morning. 


30 a. M., August 20th.—T he lowering \ was continued, so that the 


‘widee rested on its piers. The barges were removed later in the day. a 


Engineering News, September 20th, 1890, 
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_ There had been n vaio distortion of bents or barges, n nor any important 


of kind 


Canada, the Dominion has erected several 


“bridges of note, in this manner, 
_ The Coteau Bridge (1890) , St. Lawrence (Grand ‘Trunk 
Railway) west of Montreal, single-track spans ns of to 223 ft. 
‘The Shubenacadie Bridge, in Nova Scotia (1901), across an arm 


the Bay of Fundy (Grand has 


0 


mS. 


‘French ‘River Bridge, Ontario, a single- track span of 415 ft. 
weighing 1494 tons, was erected by the Canadian Pacific “Railroad 


in 1907. This ‘was slid -endwise from the embankment upon a 
= Inslia ” by 3 12 ft. aie and thence was hauled to place by ines from an 


difficulties in all these ¢ cases. were successfully. 


Sand Jacks.— —The use of ‘sand in jacking up D or letting dow - 
even earlier, in 


bridges of moderate tonnage dates: back to 1878, or 


The most t noteworthy instance of this sort in “America was wit- 
nessed byt the wi writer on Sunday, December 20th, 1903, at Newark, 
when the ane -ft. double- deck draw-bridge of Delaware, Lacka- 


Europe. 


“complete for use, to its present position, the direc- 
of Lincoln Bush, M. Am. Soe. OE, Chief Engineer. The bridge 
a 
T 


is center- bearing, and has four tracks. It was moved up stream some 


Vas 
and lowered 1 103 ft. from i its at the old pier. 


‘and as “grade-c -erossing work was in progress in the ‘vicinity, the 


draw was designed ‘accordingly, and ‘the lower deck used “tem- 

a The weight of the bridge was 1017* tons, and the sand and — 
a work 986 n more, a total of 1953 tons on the scows above the deck. : : 
year or so before, there had been experiments on mn. the action 
sand i in compression by loading two 83-ft. girders on apa pair of plungers 


ee = * '* Engineering News, Vol. 50, p. 576. 


ii 
— 
— 
— 
|. 


Papers. REPLACEAEENE OF OF THE HARLEM SHIP CANAL BRIDGE 1281 
Sieg into 4 by 6-ft. boxes. It w: was found that there was little swelling, 


that the most favorable angle of the side holes w was 45°, and that 


the holes 2s should be made funnel- shaped, with a diameter of 2 in. eane"ll 


and 3 in. outside the e box. T here were also’ ai -in. holes in the bottom of 


the box. All holes were regulated by y slides. 


ed on scows under arm, and there 


t bridge reste 
four sand boxes of 12 by 12-in -in. . stuff, each 52 ft. long, 124 ft. high and 


about 4 ‘ft. wide, inside measurements. The plungers had a a cle clearance 


of 4 in., , and their 3 pressure on the sand pony less than i tons per per sq. ft. 


The rise of tide at Newark is generally somewhat 1 more than 4 it. Bs 


“bat on the day the bridge was moved the wind a and tide were perverse, — 


and, unfortunately, there was a rain. day; so that it was with dif- 


ficulty_ that the sand ¥ was kept in prime flowing condition, tarpaulins 


d to protect it as much as possible. 


being use 
Tn spite of. all precautions, there was irregular and time 
was lost i in balancing the movement. — The bridge had been raised by 
the tide, helped by - four centrifugal pumps. A boiler : scow and pump © 
was held in reserve. The rate of movement was as follows: 


| At 6.30 a. M., the old si supports were « cleared, 


& 9.35 A. M., began lowering at the new site, 


i ; .00 p. M., the span rested on the new pivot, 


6.15 M., all scows had been released, 


.30 P. M., the first train crossed over. 


“dan ho objection to this n er is the likelihood of wetting the — 


rare in this case was screened through | a sieve of 2- in. mesh) and the 
consequent ignorance as to what is going on inside the boxes. ‘Under 
such conditions, looking for evidence of strain in heavy timber is a a 


responsibility which few engineers would « eare to take. 


--Finally, other flotation operations on the Harlem River should be 
mentioned; namely: At Macoub's Dam ‘Bridge, at Madison Avenue, 
and possibly at the crossing of the fe York Central and Hudeon no 

i iiade Railroad— —operations which deserve to be recorded in — 
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There had been ni no distortion of bents o ™ r barges, : nor any important 


Dominion has erected several 


— 


ce (Grand T 


Shubenacadie Bridge, in Nova Scotia “(1901), across an arm 


the Bay of, Fundy (Grand Trunk mk Railway), has single- -track spans 


of 215 ft, each weighing 150 tons, 


The Miramichi River Bridge, Neweastle, N. I N. 


i track ‘spans of 204 ft., each ‘weighing: 320 tons. 


French River Bridge, Ontario, a single- | 


(185 by 33° (12 ft.) and thence was to place by an 


the 


Local difficulties in all these cases were overcome successfully. — 


Sand Jacks. — use of. sand in jacking up or letting down 


of moderate tonnage dates” back to 1878, or even earlier, 


and ready for use, to its present position, under tl the ‘direc- 
of Lincoln Bush, Am. Soe. ©. Chief Engineer. 


center- ar-bearing, and has four tracks. It was moved stream 


ft. and lowered 103 ft. from its level at the old pier. 
years before, ‘it had become o renew the old 


wanna Railroad, “across s the River, wi was moved, 4 


draw, and as grade-crossing work was” in in the. vicinity, the 
draw was designed lower deck used tem- > 


-_ The - weight of the bridge was - 017* tons, and the sand and timber- 
“work: 936 more, a total of 1953 tons on the scows above the deck. 
year or so before, there had been experiments on the 


sand in compression b by loading two 83- ft. girders on a | pair of plungers 


~ 
engine o t 
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fitting into 4 by 6-ft. boxes. It was found that there was was little nh 
the ‘most favorable angle of the side holes was 45°, and that 
the holes should be made funnel- shaped, with a a diameter 0 of 2 in. inside ~ 


a“ 3 in. outside ‘the box . ‘There were also 2-in. holes in the bottom of 


All holes were regulated by: slides, 


‘The bridge rested on two scows under arm, rm, and there were 


= sand boxes of 12 by 12-in. . stuff, each 52 ft. long, 123 ft. high and 
about 4 ft. wide, inside measurements. ~The plungers had a a clearance 


@ 4 in. , and their pressure 01 on the sand was | less | than ce tons per sq. sq. ft. 
Pe The rise of tide at Newark is generally somewhat more than 4 ft. 
but on the day the bridge was moved the wind and tide v were B perverse, 
“and, unfortunately, there was a rain. all day; so that it was s with -dif- 
-ficulty th that the sand was kept in prime flowing ‘condition, tarpaulins 
used to protect it as much as possible, 
In spite of. all precautions, there was: irregular settling, and time 
was lost in balancing the movement. The bridge had been raised by 
the tide, helped by four centrifugal pumps. A boiler : scow and pum] cK 
was” held in reserve, ‘The rate of movement was as follows: 


30 A. M., the old supports were cleared, 
© 9.385 A. M., » began lowering a at the new site, 
“= 5.00 Pp. M. ., the : span rested on the new pivot, 
615 all scows: had been released, 


‘The to this method the likelihood of "wetting the sand 


J comin in this case was screened through a sieve of } -in. mesh) and oul 


“consequent ignorance as to what is going on inside the boxes. ‘Vee 
gueh conditions, looking for evidence of strain: in heavy timber is 


responsibility which few engineers wor would take. eu 


Finally, o other flotation operations on the the Harlem River should be 
mentioned, namely: ‘“Macomb’s ‘Dam Brides, Avenue, 
possibly at the crossing of the New York Central and Hudson 


River Railroad—operations which deserve to be recorded i in det ail. 
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PAPERS AND DISCUSSIONS 


- This is Society i is not responsible, as a body, for the facts and opinions. advanced — 


CHARACTERISTICS 0 OF MODEF RN HYDRAULIC 


Discussion.’ 

We 

ssrs. Lewis F. Moopy anp Joun OC. 


dad 0 @ 


— 


‘Sais Ese. + (by letter) —This may be considered | the 
contribution on the subject since the late R. H. 
7 Thurston, M. Am. Soe. C. E., presented his paper on “The Systematic 

_ Testing of Turbine Water- Wheels in the United States.” ” This me | 
_ was presented | before the American Society of Mechanical Engineers _ 


_ in’ 1887. + The turbine tests 1 reported by Professor Thurston, | like those e | 
reported by Mr. Larner, “were made at the Holyoke flume, and “were” 


notable for efficiencies developed, the "The te which had been 


obtained in reliable tests up anaes time. The tests w were made in 


‘The wheel tested by” was a 36-1 in. R. 
“Hercules” turbine, built by the Holyoke Machine Company, and ‘the 


“maximum efficiency, on each of the three tests made by him, was 
94%, 86. and 87. 08%, ‘respectively (Tables 1] IV, and VI). The 
"specific speed corresponding to the point of maximum is 196, 
_ Since the date of iets Chest S paper, great progress has 
ee made in water-wheel design, both in America and in Europe. Mr. 
 Larner’s paper, and the remarkable results reported by him, indicate 
the recent advances which. have been made in raising both the efficiency | 


i. _ *This discussion (of the paper by Chester W. Larner, Esq., printed in Proceedings for 
August, 1909, and presented at the meeting of October 20th, 1909), is printed in Proceedings in 
order that the views expressed may be brought before all members for further discussion. — 


4 Assistant Professor of Mechanical Engineering, Rensselaer Pol ytechnic Institute. - 
4 t Transactions, Am. Soe. Mech. Engrs., Vol. VILL, p. 359, ae 
§ Bodmer, “ Hydraulic Motors,” pp. 401, 481-490. 
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speed of turbines. Mr. Tamer shown ‘specific speeds mr. Moody. 


as high as 450 (in the metric) or 100, in the foot-pound system, with © 


an efficiency of practically 80 percent. 


AS efficiency and specific speed are the most important issues raised 
in Mr. Larner’s paper, the writer has endeavored to show how they are 
related, and also how various turbines compare in regard to these two 
factors, by constructing a curve, Plate CXIX, with specific speed for the — 
seale of abscissas, and efficiencies for the ordinates, using the ‘results 
of all available tests showing the highest known efficiencies. _ This 
curve furnishes a basis for comparing the performance of any techies , 
ow ith the | best previous results shown by turbines of the same specific = 
plotting it, the “speed, head , and delivered horse- “power at ‘the 
A point of highest efficiency of a given wheel have been used in calculat- a ¥: er ; 
a ing the specific speed. T hat i is, a wheel, when running at a gate open- : 
ing in excess of that giving / maximum efficiency, and at a speed in 
_ excess of the normal speed, may develop a much higher specific speed _ 
than that plotted; but, for the purpose of comparison, the specific speed 
corresponding to the run on which the efficiency was developed, has 
been used in plotting the p point. __ On wheels developing unusually high 
speed, additional points have, in some cases, been plotted, | giving the — 
efficiencies corresponding to higher specific speeds” for the same wheel, — 


and showing short curve ‘ve how efficiency drops on a given 


a 56-in. partes -eorresponding with the maxi- 
- mum efficiency shown by the test, and point 27 showing that with a 
much fic speed the efficiency dropped somewhat but not 
greater speci spee the | efficiency dropped somew but no 
js greatly i in this” case (this curve is indicated by a dash and two dots) 
Other tests of various Samson turbines also give points lying on this 
same curve, indicating similarity of design, 
In the same way, a Holyoke test (No. 1778), reported by the Allis- 
Chalmers Company, been plotted at several points, giving: the 
curve shown by a fine line; and the test of a Swedish turbine (built 
by the Karlstad mek. Verkstad, i 


“oR It will also be be noticed that the highest curve given (a solid, heavy 


‘passes through two. points of Larner’ No. 1796. 


not obtained at the point of maximum efficiency of this wheel; and it 
‘would seem probable Sevccee a wheel could be designed for this particular — 
speed which would this value of the efficiency. 
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DISCUSSION ON MODERN apers. 


Moody. specifie speeds, Mg, in the throughout, in order to 
to an international standard. ) The equivalent ‘unit speeds,” 
to use Mr. Larner’s term, or “type characteristics,” Mr. Zowski’ s term—_ 


both: meaning specific speed converted to the foot- pound system of 
measures—are given at the top of the diagram. to 


- In order to show the recent progress of water-wheel | design, and to. 
-compare American and foreign achievements in this branch of engineer- ‘. 
ing activity, a curve constructed by Messrs. V. Graf and D. Thoma jt has 
been reproduced by dots and dashes. This curve was that time of the 
- same nature, and was intended to show the same things as the writers > 
full-line curve on Plate CXIX. That is, Graf and Thoma intended their ¥ | Pars, 


a, curve to represent the best known results, and up to a “specific speed 


200, it represented véry fairly the state of the art at that time. 
| Above that speed, however, their curve fell considerably below many 
results which had been obtained. The reason for this was that many 


German engineers did not then, and do not now, accept Holyoke . tests 


age. 


os correct, and are inclined to ignore all results obtained in America. 
There were many American tests considerably the curve of 


Graf and Thoma in efficiency and speed; but, as has been said, very + 
=> 
available results have approached the new curve plotted by the 
hee on the basis of Mr. Larner’s tests and some other recent results. B 
Since the international aspect the question under discussion 
presents itself, the curves furnished by Professor Ernst 
 Reichel,t have been indicated by curves of dashes at D-E and = F- G. 8 
As stated in the article mentioned, the curve, D-E, represents “present. = 


: German accomplishments, and shows the progress that has been oe 
Germany since the Graf and Thoma article was written. The secon 
curve, G, is from tests of an experimental turbine designed 
Wagenba ch, and indicates the highest ‘specific speed thus far attained 


in Germany. ~The efficiencies are below those given in Mr. t. Larner’ s 


— 


In constructing the curve yo maximum attained efficiencies, s, the — 


besides’ plotting all the tests known to him in printed form, 
wrote to eight of the leading turbine | manufacturers in the United 


States for their most ‘recent and highest ‘results; and, although he has 
not yet heard from all of them, he believes that the data thus collected 


fairly the best American practice to- -day. With only 
two exceptions, the “manufacturers have responded most liberally to 


this: request, and, while the writer is not able to assume responsibility 
for the > accuracy | of the data, he has been furnished with : signed ‘Teports: 


of the tests, and believes them to be authentic, with few if any exceptions. | ‘ 


_ Ast many , of these tests were made at Holyoke, and 2 as the question 


= 


See e article by: 8. J. Sow aki, ing am. 28th, 1909. q 

a= + Published in the Zeitschrift des Vereines deutscher Ingenieure, June 29th, 1907, 

published in News, September 9th, 1909, p. 286. 
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Papers. ] DISCUSSION ON MODERN HYDRAULIC TURBINES 


of the accuracy of Holyoke tests has already been raised, ‘te Mr. 
takes this cecasion to state that he has had the opportunity to investi- 
- gate fully the methods used at the Holyoke flume, and is convinced of ! 3 


the substantial accuracy of the Holyoke results. _ During the test of a .. 
-in. turbine built by the I. P. Morris ‘Company, at which the writer 
was present as the representative of that. company, he was able to check > 

up the constants of the flume, measuring the dimensions of the brake, © ac 

ete., checking the elevation of the weir crest with a level, and checking 

the head on the weir with an independent glass gauge dating the test. = 

. No sources of systematic error were found; and the results are 


believed to be as accurate as the Francis weir formula, within the a « 


The "specific: speed- efficiency curve, as plotted, passes 


Point 1 is from a test of : a | 2 000- horizontal, ‘spiral- tur 


-Kitsloch. (Salzburg), “Au was built by Escher Ween and Com- 
pany, of Ziirich, for the _Aluminium-Industrie A. -G. Neuhausen, and 
developed a maximum efficiency of 88.2% with: a specific speed of 34. 
The data for this and other tests of Escher Wyss wheels are furnished — 
by the bulletin published by the Escher Wyss Company (1908). ue 

- Points A and ‘B are from tests of two wheels built by the LP. 
Morris” Company, of Philadelphia, the guides and runners of which | 
_ were designed by th the writer, under the direction of Mr. r. W. M. White, ran 


built for J. G. White and Company, and installed at 

: Comerio Falls Plant, Porto Rico, of the Porto Rico Light and Power 
Company. These turbines are of the horizontal, volute-casing type, 
single runner and single draft- tube. They have movable guide- 
vanes, or “wicket-gates,” with outside operating mechanism ; and the 
runners are” bronze. “tested place, the output being 
and the water by a Francis weir, they showed 
an efficiency o 3% when developing ' 755 ‘under a head of y 


182. 15 The was 450 rer rev. per 


~The test was made in place, under operating ‘conditions, by the _ 
gineers of that ; company and of the I. P. Morris ‘Company, and was 
carefully conducted. ‘The water ‘measurement. was by weir, wing 


i 3 of the Niagara } Falls Hydraulic Power and Manufacturing Com- a 


asing type double runners and two dratt- tubes per 
They have movable guide- vanes and | bronze runners. . The test showed 
that when delivering 8 934 hp. p. under | a of 214. 3 at a speed of 
299.9 rev. per min., , the feat was 91.7 per cent. 
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7, just below the curve, is from a test furnished by the Pelton 


"Water Wheel Company on a turbine built by that company for or the 7 
Black Hills Traction Company at Spearfish, S. Dak The tes test showed 
‘a maximum efficiency ‘of 90. 8%, as’ read from the curve. The: wheel is of 
the “Pelton- Francis” type, with volute casing and single runner, and 
was tested in place by the engineers of the companies. 
Point C is: from the Holyoke test of the 33-1 -in., LP. ‘Morris Com- 


wheel 


pany w 1 previously ‘mentioned. wheel an n efficiency o of 


with” 51- ft. head, 184.5 57 rev. per n min., and » the 

Other points on the curve are from Mr. Larner’s and are 


of test. 


Machine Co ‘Holyoke Flume.. 
James Leffel & Co 


IN umber of point. | 


‘Percentage. 


~~ 


“ > “ 


pal 


lad 


In place, 


~ 


Type E-30-in 
pe 
Type F-30-in. 
810 500-h. Shawinigan... 
3\Samson Niagara Type 
wh 46 100-h. p. at Hamilton Cat. - Co.. 
9 At Rhe nfelden i. Escher Wyss & - 
15|At Manegg-Ziircher Pa ier: 


Designed by Dr. one Experimental 

Swain Turbine & Mfg. Co. Holyoke 
J McCormick 39-in Morgan Smith Co 


19| McCormick 51-in.. & 


McCormick 33-in S. Morgan Smith Co 8 


_ Nore. —Point 11, at 196 specific speed, is Professor Thurston’s test previously referred to. 
8 From “ Hydro-electric Developments and Engineering.” by F. Koester. Biren. 
Water Power Engineering,” By D. W. Mead, M. Am. Soc. C. 
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The = to > the writer in efficiency, } Mr. Moody. 


creditable efficiencies and speeds, are shown in Table 9 
ite In conclusion, the writer wishes again to express his appreciation 
of Mr. Larner’s valuable le paper; : and to extend thanks, for their courtesy 
furnishing information, to the following : | ‘Birchard Taylor, 
Assistant Hydraulic Engineer, I. Morris’ Company Mr. 
Strothman, Assistant Manager, "Pumping Engine and Hydraulic Tur- 
bine Department, Allis- Chalmers Company; The Holyoke Machine 
Company, Mr. W. W. White, , Manager; The Pelton Ww ater Wheel 
pany, Mr. J. V. . Kunze, 1 Manager; James Leffel and Company; and qo 
‘The Platt Tron Works Company, } ‘Mr. John 1 Sturgess, Western — 
sentative. is regretted that lack of time has prevented the writer 


from: awaiting th the data which are being sent by the Platt 1 Tron Works: 
Company, 


JOHN C. Parker, , Assoc. M. Am. —In this paper Mr. Par Parker 
Soc. 
Larner has. contributed so “much that is of ‘signal: ‘technical interest 


| 


economical advantage i in ‘initial cost of installation. - This is of some 
interest, but. the speaker thinks that the general principle laid down = 
‘should be viewed with « caution. . As the statement stands, it is un-— 
-deniably correct, as applied ‘to developments such as those at Niagara 
Falls, where the maximum quantity o of water that may be diverted - 
limited by law; and also where the quantity of water used at fractional 


is of f no being w well below that which 


flow, ‘and to steam | reserve to take care” the periods of 
‘deficiency in the natural flow. In such cases the | steam reserve will ; 
stand idle for the major part. of the year. Tt becomes desirable, there- 
fore, to minimize the fixed cost by installing a cheap steam plant S 
(necessarily an inefficient steam plant). The wheels ‘would oj operate 
; at times under reduced flow, and, unless there is a _ multiplicity of _ 


units, enabling all the units in service. at any time to be eperatod nearly 


4! * Proceedings, Am. Soc. C. E., for August, 1909, 


-Papers.] DISCUSSION ON MOD 
al 
French Government, the efficiency of which is reported to be 90.4 per 
q 
tie 
would like to call attention to a very significant paragraph on page 
— 
Than te Mow of a stream. if Most — 
— 
— 
— 
— 
i 
— 


q 


8 

.Parker. at their full load, they will be worked ‘the 


plant is an uneconomical low- -load plant. A considerable quantity of 


coal will be burned, under these conditions. Therefore, in a} plant where 
_ the minimum flow is less than that required to to carry the : minimum load | 
Ww which m may be throw n on the plant, it becomes. desirable to look to the 


Another comment | by Mr. ‘Larner, to which the speaker would like 
call attention, refers to tests. data contributed by the author 


‘are of so much interest and ‘eta that it would be a pity to overlook 


the facility with which tests on units connected to electrical generators 


“may be ‘made ‘at various speeds, especially of wheels which are 
tos such t tests as made at the flume. ie, 


of Ohm’s law readings | taken during the operation. 
an 
nd windage in the 1 machines ar area ——— mechanical proposition, and 


As the total losses will 


“not be more than from 2 to 0 4%, € even in n the larger generators, a slight 

et eed 

The readiest method | known to the sp eaker for: determining tl 

as a speed function is by using what is known as a deceleration 
curve. Ww ith the water shut off from the turbine, the machine is _ 

brought: speed by ‘some outside source—possibly electrical—by 
interconnecting | the generators on two wheels, one of which can take © 
water; 4 bringing them up to more than their running speed, ‘and then 
cutting loose that wheel in aati the electrical stelle losses are to 


be determined, 

a It is is then possible to determine losses by the electrical meters and 

a by observing the sp speed of the wheel as a time function. _ Knowing the 
moment of inertia of the rotating part ts—which | ean be readily ealeu- 
-_ lated—observing the negative time differential of the speed, and mul- | 
tiplying by the moment of i inertia, one can readily plot the power 

moment of inertia can be determined one 

7 - two ways. Ina small | machine, the addition of a known and readily. 


gives a ready solution. influence upon the 


deceleration curve will give the moment of inertia of the masses of the , 


_ Another method which the speaker has intended to try (but has not 
‘succeeded in doing because of lack of time) consists using an | 


= 
q 
generators. Losses in the power going to waste in the 
3 
the iron in the generators. These losses 
— 
a 
= 
= 
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generator through | the measurement of the Mr. Parker 
current carried by it, will show what the power usefully generated does in 
the way of braking the machine. ‘Determining this moment of inertia 
and taking the whole group of curves should not take more than halfa __ ~ - 
day, and therefore it would be easy to obtain the eeneten losses as a 


study that Mr. ‘leet has aie with such units as are scale of being 
tested in the Holyoke flume. 2 The speaker believes that engineers who 
have facilities should look into the matter and see if Mr. Larner’s data : 3 
cannot be extended to such w heels. 
Another of Mr. Larner’ facts is of great interest, and the speaker 
is very glad that he has put himself on record as being opposed to the — 
radical application | of “standardization, shibboleth which has been 
one of the most baneful things in practice, namely, that of taking 
“goods” off the shelf”— selling of stock goods for any and every 
In building up American enterprises, standardization has been very 
helpful; but the speaker thinks that those who have had anything to do | 
with the purchase of apparatus and who have attempted its intelligent 
application, have met, in all lines of manufacturing, with the unfortu- -_ 
nate use of ‘ ‘standards” to prevent progress. Pree : 2 
The attitude -Larner—who is connected with the 
manufacturing industries—is certainly most hopeful, and gives promise _ 
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Mr. Hawkes- HAWKESWORTH, Assoc. M. Am. Soc. CE (by —The 


worth. 
7 writer has examined this paper with much interest. From the author’s 


statements it is quite” clear r that, under the conditions, unprotected 
timber ‘piles could not ot be The scheme of casting: protective 
shells of concrete appears” ; to have afforded a practical solution of the 
‘problem. — _ However, it would be interesting to. know whether any in- 
vestigations were as to” the comparative | cost and practicability 
of regular reinforced conerete piles, 1 the greater cost, - course, being» 
offset art by ‘the s smaller number required. 
a the concrete shells should develop fine « cracks, from temperature 
stresses, wave abrasion, or the impact of | vessels against the wharf, 
_ what opportunity would be afforded to the teredo? If f the hole made 
by ‘the teredo i is only - 30 in. in diameter r, as stated, it would not take. 


ae 


much « of a erack to. facilitate his entrance to the wood inside. — ne 
In regard to the reinforced conerete design, | it appears that the slab 
reinforcements run between beams and parallel to the 8 by 30-in. 

girders, the span varying: from about to 10 ft. Although it is stated 
4 that the slab was designed for 250 lb. per sq. ft, the amount of rein- 
7 forcement appears: to be. just as great for the short as for the long 
slab spans, and the entire slab load appears to be carried b by the beams, 


Ww are designed to carry the tracks, ¥ As the 


_ *This discussion (of the paper by T. Howard Barnes, M. Am. Soc. C. E.. printed in — 
Proceedings for ee ang 1909, and presented at the meeting of November 3d, 1909), is 
printed in Proceedings in order that the views expressed may be brought before all 


— 
AT BOCAS DEL TORO, PANAM A. 
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7 
— 
— 
q 
| 


running the reinforeing bars in both directions, and 


; ‘The author - makes no statement as to the distance allowed between 
reinforcing bars, and the under surface of beams, girders, or slabs, nor 
as to the assumption in regard to the width of slab considered as. the 
flange of the T-beams for girders and beams. This renders it difficult a 
to o check the strength of the design. or ‘its suitability for 24-ton loco- a ? 
‘motives, but tl the statement that no shearing reinforcements were 


needed, the bars” being simply cantilevered over the points’ of support, 


ould seem to be open to cri ieism. 


J Jo B. Capron, Assoc. _M. Am. Soe. (by letter) —The Mr. Cameron 
writer has” this p paper with interest as it to mind 


In 1903- 1904 the Aleska, Central Railwa y built a dock, using native 
“spruce ‘piling, and although it seemed to be free from the teredo. for 
some time, it was completely destroyed within 18 months. 


having been ‘stated that ‘cottonwood piling would n not be 


= not until long ¢ after the spruce was destroyed. the teredo 
will not enter cottonwood through the bark, and only attacks it at 
places where the b ark has been removed. The bark, being tough, did 

Pers 
not peel much under the. hammer, and resisted decay for some time 


The op opposite was true of spruce, which was almost completely barked — 


the operations of logging and driving. 


writer cannot state ‘positively that the will not enter 
cottonwood through t the bark, but careful investigation of infested piles 
led to that conclusion, which the writer believes to be a fact. ea. =e WF 
This, dock was destroyed within 6 months after the second driving, 
‘on spruce piling being eut off and dropping out. dit was re-driven with» 
-creosoted fir from Puget. Sound. the time, several plans for more 
"permanent construction were considered, but the first cost was 
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HENRY WALLER BRINCKERHOFF, M. Aum. Soe. €. Ee 


_ His ancestry, on his father’s sik was Dutch, and on his mother’s, 
_ English and Scotch. The Brinckerhoffs were among the earliest set- 
-tlers of the United ‘States, coming from Holland in 1638, and many 
descendants of the 3 name in this and neighboring - States represent the 
vigor of this stock, members of which took part in the Revolutionary — 
and subsequent wars, 
- *The Scottish Gordons have been | conspicuous in history, and one of © 
“name, General James Gordon, Mr. Brinckerhoff’s great- grand 
father, “was present at the Battle of Bennington. — i: Mr. Brinckerhoff’s 
father served in the Civil ‘War, and he himself, while yet a a student, 


served three months with the 12th Unattached Company, of race 
Brinékerhoff’ s early ‘were vere spent i in ‘Cambridge, 
where he obtained his education at the Latin School, Harvard cel > i 
and the Lawrence Scientific School of Harvard ‘University. His first 
~ work was as an Assistant in the Civil Engineer's « office at the United 
‘States Navy Yard, Brooklyn, My: Be In 1869, he was appointed a a Civil 7 
ae Engineer in the Navy, and was stationed at the same yard, where he 


‘served for some time, constructing quay walls and other naval work. 
leaving that post, on January Ast, 187 70, he was appointed Prin-— 


cipal Assistant “Engineer 01 on the Jersey City Water- -Works, under the 
late Mr. ohn Ward, i in which capacity, he designed the pumping 
"machinery a and “made the plans for the high-service and new reservoir, 
~ also supervising sewer construction and other municipal work | 


the late Mr. E. McElroy, Mr. Brinckerhoff was en- 


“hydrographic ey of the River, from Newark to Rutherford 
Park, the late General John Newton, Chief of Engineers, U.S. 
Army, Hon. M. Am. ‘Soe. C. EK. Tn 1874 he was engaged with Messrs. 
Davidson and Mars, for heating 
_ elevators i in the New York City Post-Office Building, his work being 


Memoir prepared by Charles H. Myers, M. Am. Soc. 


— 
a Henry Waller z, N. Y., and was the eldest son o 
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OF HENRY WALLER BRINCKERHOFF 
4y 


In autumn of 1877 he took of of the 


- foundations of the Gilbert Elevated Railroad from Grand ‘Street to 
Morris Street, New Y ork City, under the Chief Engineer, the late Mr. .. 7 
William F. Shunk. He performed other work in connection with ‘that — = 
structure, and j in the following year he inspected the shop work for ‘ 
* e Ninth . Avenue “Joint Structure” Elevated Railroad. In June, 
1879, under the direction of Major George Ww. ‘MeNulty, M. Am. Soe. 
(0. E, Mr. Brinckerhoff designed and inspected the ‘construction « of the 2 7 
iron street bridges in the Brooklyn approach of the East River Bridge— - 
the first bridge across: the East River, now officially known as “The 4 
a In 1881, Mr. Brinckerhoff resigned his po position on this work, to take a a 
charge of the building work of the New York Steam Company, — 
the late Charles E. E ‘mery, M. Am. Soe. ©. E., Engineer and Super- 
-intendent for said company. He designed and superintended the erec- 
tion of the large boiler station on Greenwich Street, New fork City, 
and, after this work was finished, he assisted the late James” B. ‘Eads, 
_M. Am. Soe. CO. E., in his plans for the proposed ship railway across the 
Isthmus of Tehuantepec, Mexico. For some time afterward, Mr. 
Brinckerhoff was Managing Editor of The Engineering Record, and, 
in 1889, made the earliest report on the failure of the South Fork Dam 


Mr. Brinckerhoff was called by Major MeNulty, Chief Engineer, to 
take charge of the office work, and he remained in that position until | 
the was completed and put into operation. He then began 
Practice as a Consulting Engineer, being thus engaged until illness 


4 


mates 


1s caused by an arterial > which. poke 

phase i in the last few months of his life. ‘ee Pe ees 

characteristic | of Mr. Brinckerhoff’s. work a thoroughness 
which was noticeable in all his | undertakings. As Consulting —— 
his advice. “was sought in regard to the the Johnston 
Building, at Broad Street and Exchange Place, and other heavy build-- 

ings: in New York City, besides various” other works in the vicinity. 
Mr. Brinckerhoff had professional al experience in both civil il and n mechani- 


He was_ most patient and tte: his dealings with all who 
at 

came in contact with him, while his honesty and candidness made him 
“outspoken whenever occasion _required. His, too, was a kindly 


—- nature, with t deeply religious sentiment. For a long time 


the design and erection of the telescopic elevators 
_ afterward engaged for a short time in steam-heating work for Mr. 
ip 
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Member the Society, and o Masonic 
Order. fs He married, = at Cambridge, Mass., on December 25th, 1866, 
Edith) Adelaide Barry, \ w ho died o on . April 19th, 1897. Her loss, and 1 that 
a of his eldest daughter, the wife of the Reverend Wiatieop B. Greene, 


three years later, were’ heav vy blows, which left: their lasting effect ‘upon 


him. -Ason, Henry Gordon Brincker hoff, and a daughter, Mrs. Herbert 


_ Mr. Brinckerhoff was a loyal friend and a genial companion, and» 
those who asked his advice received cheerful hearing and sincere coun- 


‘ pages took great interest in the early history of his native 7 


State, especially in the period of the Dutch occupation. will be 


_ 9a among his acquaintances “for the possession of a fund of 


humor and store of varied information. . In days, his 


patience: and serenity never forsook. hi 
peaceful ¢ and painless. 


Ce lo Mr. Brinckerhoff was elected a Member of the American Society of 


44 Civil Engineers, on November 7th, 1883. rea 


— he was a Deacon of t 1e Ventral To the 
His church will feel his loss greatly. = 
- President of the Bedford Dispensary and Hos- 
La 
1G 
— 
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HORATIO SEYMOUR, Jr., M. Am. Soe. | E.* 


. 1844. He was the son of. Sis F. 
and the nephew of Horatio a of he State, 
He was educated i in the Academy at Utica, and at Yale College, pane 
which he was graduated ine 1867. . In 1869- 70 he attended Yale 
first. engineering Assistant on the ‘Cazenovia 
and Canastota 1 Railroad. Afterward, che was with the Seneca Falls it. 
and Sodus Bay Railroad, . the Wellsville and Lawrenceville Railroad, 
and was Chief Engineer of the Cowanesque Valley Railroad. In 187: > 
and 1874, he was with’ the Fall, Brook Coal Company and the Buffalo 
Coal C Company. rom m October 1st, 1874, to December 3 31st, 1875, he 
an Assistant Engineer in the State works, of New York on the 
Erie Canal, | and was atient engaged on the topographical survey of | 
the State. He became State Engineer + and Surveyor of the State of 
New York, on January 1st, 1878, when he was 34 years old, a and served a 


“two terms: of two He was selected for that as one of the 


Seymour then went to Marquette, Mich. ., where he engaged in 
‘general practice, but soon t took charge of the interests of <n See 
‘Tron and Land Company, which owned large land properties, including s 
iron mines” and extensive tracts of fine timber. The e management of 
these ‘properties occupied him fully until 1903, when to 


Utica, w — he until 


certify certain estimates without examination, weil his 
protests” against the unlawful demands of contractors, , were, in part, 


Rn _ the basis of an extended investigation of canal frauds and a radical 
reform in n methods. 


first. » written after a year’s ineumbency of the office, discusses the v 


of canals and water routes for internal commerce, their 
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ment of the great public works of that State, which had been in- 

augurated three years before by a Governor who notably elevated the 

standard of public service, and whose work in this reform had been 

— 
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vice was in connection with 
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railroads, and their influence in maintaining low trans- 
portation rates. it calls attention to the danger that traffic mis ght 
diverted to the water route through the Valley « of the St. t. Lawrence, — 
where the canals. are being enlarged and deepened, argues that 


method must be found to lessen the cost of carrying freight by the | 
Erie Canal route, », and thus sav ave the commerce to the State and City. 
of New Y ork. This could be be done, either by increasing the tonnage a 
of the boats ¢ or by increasing their speed. The ‘report a advises that the 
depth of water in the canal should be increased 1 ft. This would “a 
to the speed of the boats ar and enable them to make an additional | trip | 
_ during the navigation | season, or it would add largely to their carrying 
capacity. The use of ] power to operate the locks is advocated as an addi- 
tional means for bvpedrws in transit. The report shows that the 
Erie Canal had paid into the Treasury of the State about $42 000 000 
more than its cost, including all « expenditures for repairs and manage- 
In his second yearly report, Mr. Seymour re repeats and enforces the 
= a 7 _ recommendations of the first. In his third report | he shows that the 
market of New York | City gives value property throughout the State, 
4 that that city pays about one- “half tl the taxes of the State, and that com- 
“merce must be saved to the city and the State. The canals: furnish 
cheaper means of transportation than any method. By making 
the cost of this still lower, commerce 1 will be saved. ‘The p plan of add- 
ing 1 ft. to the depth of water commends itself to the boatmen, because 
i’ requires no outlay on their part, and this increase in 1 depth e: can be 
secured by the expenditure of about $1000 000. Mr. ‘Seymour’ s fourth 
“and last report advocates the abolition of tolls on the State canals. . 
‘The. plan of adding to the capacity of the canals by an increase 01 of 
ag ft. in the depth of water was seriously considered during subsequent 
years, ‘and was always known as the Seymour plan. It was not carried: 
out, but the information | gathered by Mr. Seymour, and the suggestions 
made in his’ reports, were, in a large way, elements in the - extended 
_ studies which : finally resulted i in the adoption of the barge canal pro- 
ject, now in active construction. WY 
Mr Seymour’s service as State Engineer was marked ‘by profes 
sional ability and excellent business. ‘management. These qualities 
characterized also his management of the large interests subsequently 


1880 Mr. Seymour married Abigail Adams Johnson, who, 


with a son, Horatio, and a , daughter, Mrs. ‘Henry St. . Arnauld, survives — 


> him. He was a member of the Sons of the Revolution and of the 


Society of the Cincinnati, 
Civil 


1880. 
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(OF CARL WILLIAM IRCH 


WILLIAM BIRCH-NORD, Assoc. M. An, Soc. E.* 


Carl William Christiania, “Norway, on 
October 1880. He was graduated from t the ‘Christiania 
Technical School in 1899, and afterward completed a post- -graduate 
course in Electrical at the Institute Technology at 


In 1902 Mr. Birch-Nord came to the United States and settled ins 


he 
Chines, Til., where he held positions as Draftsman with ‘Burnham and 


4 


¢ 


= 


q ment of the ices Plant, where he pee until his death poi 


4 
Oa May 15th, 1907, (Mr. Birch married to Miss ‘Marie 


Mr. Birch- Nord was elected a Junior of the American Society — 
Civil Engineers | on October 80th, 1906, and an Associate Member on 
- November 4th, 1908. He recently contributed a paper on “The Design 
of Elevated Tanks and Stand-Pipes” to the Transactions of the Society. 
- He was also a Member iain Society of Engineers, and of 


 *Memoir prepared by Albert Reichmann, M. Am. Soc. C. E., and J. H. Hoff, Esq. 
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In July, 1907, writer was retained Henry G. Opdycke, As ssi 

Soc. to on the undermining of. the 


F ifth 
el, 


had ‘already made a ¢ a careful survey of 


also hed a number of excellent photographs, which those, 


‘ig. 1 shows the approximate cr oss- -section of the tunnel excavation — 


r. Opdy cke a and ‘the 


= 


r. The space mar marked “To filled” representa the 


aviation from the theoretical tunnel lines, and ‘shows that a 


an “apparently misdirected | blast caused a cavity extending some 


3 ft. south ¢ of building line oft the or 9 
‘It also indicates where Thinty- third ‘Street caved in, 


906, in 


oo 


The cave-in| hed been 


- Norte. —These papers are issued before the date set for presentation and discussion. ~ 
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curb, in of t the “entrance 


The tendency of ‘the whole building, | as shown by all the photographs, 


was to toward north, as well 's 


THIRD STREET,AND THE WALDORF-ASTORIA 


G 


= 


LIS 
= Break in Roof = 


APPROXIMATE CROSS- SECTION = 


SHOWING RELATIVE LOCATION OF THE — 
PENNSYLVANIA RAILROAD TUNNEL 


AND THE CAMBRIDGE BUILDING 


Dns, ia 


Railroad Dy 
Tunnel 


was, claimed by others that the whole trouble was: “caused by a 
8-in. column just « east of ce, but it is peculia 


although this column moved not 


‘not break its its nor 


wal 


er vertical an 


and at the s: same to othe: 
the eracks decreasing as the distance from the curb incre a in fact, the ~e 


> 


greatest disturbance i in the building itself was at the center of the north © 


wall, a and it in the and street, as might be 


arted, break-_ 


Building, which was as the point the greatest occurred. 


fie. 


| 


a 
— 
pen flooded, and the water covered the 
me 
| 
) 


the pipe ‘Both bol std, the one 
“tions. 
were several cracks in. the area floor, and some disturbance 
‘the wall, one joint alone up more than 1 in. 
sidewalk considerably, as shown in ‘Fig. 2, ‘Plate CXX; 
7 and there were some cracks. ‘The rr: was reset several times, some- — 


as much as 7 or 8 at ‘4 


1, Plate CXXI, some of the in Kirkpatrick's: 
8 Store, in in the Cambridge I Building. Ina places 
joints: marble work i in the: hall Il opened up. 


fact an old stream ‘ran under the. ‘site. of the C Cambridge 


“Build 


the ‘tunnel was or: none this ‘old stream. founda- 


orf-A Astoria had been carried Sati: ‘to the rock, ‘but 


founded on spread 


convert 


these pil piles, were about 


en, had been cut off below the water 


ater line, th 
enough to ee: thei r tops to the atmosphere e, allowing — 


3 


known, that timber will last practically forever 


Rea 


4 

4 


nd to be slightly a ve the water line, the latter having been oo 


LY. 


bot will ‘soon Trot out: if not entirely, under w water. 


bs 


t that: time, the were | cut. off | below the new water line, 


co and five heavy 2 in. about 40 long, 
ed on the concrete and buried in in Kas ma — ga very substantial ; 


e west end of the beilding. 


Me Opdycke and the write mined the tunnel, 
sev 


1907, w 


4 ail 


“noticed tha veral rather large : streams 
7 te al stream shown on the maps—we ere pou rin 


4 he exami inati ons showed th that the buildin 


from 


at this point. 


and was sti ill settling, and ‘the writer y w 3 request o design a system 


of underpinn ling to ae he to at that time, 
for fear r of opening uy up direct “connection between the cy 


the tunnel, thus -endang gering | entire building; but he reco 


r 


tying back ‘the front wall with rods, to. prevent it fro m f falling away 


from the r remainder 


— 
| 
the break in 
footing of concrete and the weet | 
from a hotel into an of 
Were fou 
to rot. 
| 
entirely St 
Therefo 
gapped 
| 
in 
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Y-THIRD 


Fic. 2.—SETTLEMENT OF SIDEWALK, IN THIRTY-THIRD STREET, 
FRONT oF CAMBRIDGE BUILDING. 


it 1G. STREFT, Curs, ETC., In THIRT 
— 
AS 


f 

| 
he 
4 
j 
: 
> : 
* 
: 
{ 
4 


| 


ig. 2. “two wo ) 12: -in. beams, 
f 


eas ast o the main entrance 


of g 


ve 


= third The ‘tops of the beams wen » anchored b back by a bein -in. 


rod, about 102 ft. long, made up of stock we of about 16 ‘ft. » and 


or | 
The rear or of 1 an open court, | but. 
‘close to the wall. On bee ach side of the court 12- -in. I- beams, about 6 ft. 


12 Hs,@,50 x 41 


it VETTES STR 


Cellar 
TS 


‘Two Round Rods, about 100 ft, long 


14-in, Round Rod, about 100 ft. long 


One 134-in. Round Rod, about 100 tt. ae ae 


End of Building 


cme 


were set vertica two 
ft. long) to whieh the rod 1 vas anchored. north end of ‘the 
rod was placed just under the floor i in a private office, and through ¢ ‘the : 
The bottom of ese long beams were anchored. with two 1}-in 
rods, just above the cellar floor. These rods we were about 100 ft. long, 
were made up of short sections, the rear re ar or , south ends being 
4 anchored to 5 by 9- ft. blocks of concrete, about | 6 ft. deep, ‘placed | just 


- 


“under an old ‘perth and. south ‘partition Ww vall, and in a position slightly 
= 


— 
on Thirty-third Street, which was the por 
ME 
iii 
| 
2 
— 
| 
| — 
| 
— 


ey NDE RPINNING THE CAMBRIDGE BUIL DING 7 


orth» ‘end over ‘top of 


south end being anchored t to a similar 


J Half way ‘between this westerly rod and the first. pair, a similar 
was placed a and anchored i in the same as ‘the Ww vesterly rod. 


‘The 41- Ft. beams in front were ‘then encased in metal on 


account of | their unsight] a pearance 
The writer's examination was completed about ‘July: 23d. 
tract was at once made with Mr. “Alexander Brown, Jn, to tie the 


buil ling, : and the work: was ‘completed i in about a week. 


The rods were in n place until ‘the permanent underpinning h had 


‘been completed | (during the following ye year), and effectually pi prevented 


the north wall from pulling aw: away, although “the entire e building h 1ad 
apparently moved north in| the ‘interval. he ‘anchorages in. in ‘the cellar, 


al although | m made v very heavy, ‘showed signs « of ‘the great strain, by ee 


racks whisk. opened up in the floor b behind 


were first in, in the of 1907, 


— tested them to ) se ee that they were ‘under sufficient iil strain, 

when he wa alled in to 1 nake another report and examination, in the 
following g, a simi wet indicated that they were under ler @ con- 


strain, show ying the tendency of the buildin g to 
In the fall. of 1908, when these rods were to be remo 


slacking up the they sawn three ters” 


q through the rod, it broke w with a a snap, , and the long end sprang | back 


al 2 ft 1 followed ther instructions the remainder 


1 of the ‘building, “1908, indicated 

there: vertic ‘al_ movement or settlement since 


the previous fall. ill. Borings then taken | showed. that the rock was about 


20 ft. . below the eu curb at at the. east end of the building : and about 44 ft. at 
‘the west end. 
and below that there was sand, gravel, ‘clay, silt or such 
found. in the beds of all old New York streams—a very "treacherous 


aterial to have under a 


= 
fro 
the west end of the bu | 
a 
| 
| 
— | 
iii 
ne 
xiii 
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1.—Cracks WALL AND CEILING, Man 


‘Bones, 


| 
| 
| 
= 
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« 
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Papers. UNDERPINNING THE E CAMBRIDGE BUILDING 


The borings also indicated that the old stream had been entirely 
divested by the tunnel, leaving the | dry, at and ‘making their ultimate 


‘the meantime the ‘excavation | had been. n completed, cand 


the: permanent ‘masonry lining built in place, and it was thought that 
the stream which had been flowing ‘into the tunnel year, befor 
would back 1 up, when it could not get into” the and again 
merge: the p piles. The borings, however, indicated that. this wa was not so, 


that the tunnel had in some manner effectually and | permanently 
diverted th the old | stream, thus lowering the ground-water level 30 ft. 


Reports had been obtained from H. Opdycke, Assoc. Am. 


writer as Consulting Engineer to devise a plan. and carry it out. 


‘The “east of the north | wall of the Cambridge. Building w: was 


occupied by the show windows of the Kirkpatrick Je -welry Store, on the 
Fifth Avenue and Thirty- third Street sides. of which store the old brick 


wall in n the first: one had been remov ved and ¢ a number of 8-in. cast-iron be 
coluz mns had be een inserted to « carry y the u upper ner brick wall and send . 
‘This is a kind of construction very frequently resorted to ome 


voting old buildings into stores, ete., and answers the p purpose vs long 


~ 

as the founda ations are not disturbed |, « or the 1 walls jacked against, 
there e is no transv« bracing between the columns; therefore ity 


dec cided not to the old stem, whieh i inv ‘olved jacking against the 
building to. force e cylinders o1 or walls into the ground. 


‘Under this.end of the w all, from the curb to the ce vellar, there v was a 
wall of brick and rubble e masonry with some ashlar facing g, which had 
been built, as was customary at the time and for that class of work, 
without: any engineering supervision or advice; in other words, it was 


of the usual poor construction. 

This foundation wall ‘rested on a concrete footing, a1 and on t top 


; of the Ww all v were set the 4-i -in. beams, which foe the length o of the o wall, 
formed a base for the 8- in. cast-i -iron columns. 
As it was not advisable to do much ‘cutting in 
condition it was then in, it was decided to reinforce it by placing a 5- “ft. 7 


| 7 
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y tune writer he Gorham Company (the 
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aa ee girder on each side about i ‘ft. below the 4 in. beams, to bolt 


these t two girders together with» 14 -in. bolts, and to grout the sp spaces 
between the girders and the w all. ‘These spaces were usually 1 in. or 
“more in width, as n no attempt was made to dress down the ‘surface of 
q 


the n masonry. - As these girders in place were to be about 67 ft. Jong, 


_ they were each shipped i in two sections in order that t they m might be p put 


> west end, shown Fe. ig. Tested on ‘the end of the old 20-4 ‘in, 


8°Columng 


Ground Floor Level 


mi 


az 
as 


lerp ng was ‘completed, 10 ft. 
wn of da as 


A 


- The girders \ were pl laced a little n more than 2 ft. 2 in. apart, back to 
back, and, with the exception of the south | end and the space cut out 4 
the door, Ww up on both sides, making a a solid 
all on top of the As soon as the eylinders were in place 
and grouted, three 9-in. beams were ‘pla ace under the 4-j ‘in. beams: 
se 9-i 


under each column. The ends “a these 9-in. beams were wedged 1 up 


to 
tk 
eamns, and south end on a umber ler dev 7 
— 
in each flange. | 
‘ 
— “Miter the 
— 
— 


=! 


UNDERPINN ING THE CAMBRIDGE BUILDING | 


capped piles, it wi as that it be and 


ous: to try to put the cylinders: directly under the columns, — 
as it would have been | necessary to cut out ‘the = ‘piles all the w wa 


down. Therefore it was decided to sink four pairs of linden, 
close to the grillage beams as possible, and. then remove enough ¢ concrete ss 
to place 20-in. --beams under the old arillage beams, the ends of these 
short beams: to = on the pair - of cylinders, and w edges" to be driven ~~ 
between the | short beams and old long grillage beams. Three of these 
_ short beams were inserted over each pi pair : of cylinders. At the extreme 
end an additional cylinder was sunk on the center line of the wall, 
making, in all, fourteen cylinders for the of the building. 


Two additional ceylinde 
a? end of ‘the boilers and the area wall. a 

‘Brown -ealled for bids 0 on this plan, and awarded the contract 

B. ‘Bryson, Assoc. Soc. E., as his bid was less 


than half « a great as the other bids, and it was s concluded t = he could , 


as. about $13000, which 


“included supplying and sinking the sixteen cylinders, — them with | 


“sary y wedging, « ete., and with conexete where necessary. 


cylinders ig. 4) were: 4 ‘ft. in diameter, and had very thin 


shells. ‘he ‘method of ‘them constitutes a new system af under- 


lacing the ‘section first and jacking 


= 


it the ground, en placing another section on top a and repeat-_ 


ing» the operation, a spa space was excavated for ‘the t top section, which was 


deep, and the. ‘space ace outside a this top section was back- 


then filled with concrete and brickwork. There were six 8-in. cast-iron 
| ~— columns resting on this pair of girders, and it was now considered tm 
_ safe to undermine two columns at a time in order to make room for ; a 9 ol 
vad the underpinning cylinders, one of which was put directly under each ae 
ik 
iz 
| 
— 
| — 
— 
—— 

— 
— | 
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filled, vite « concrete, and ‘remained 


laborer then entered the > top section and, with a 


shovel, excavated the ‘material under the “eutting edge” sufficiently 


insert. ‘one segment « of the ‘next ring. All the 1 rings below. the top 


‘ 3 1. 48. 
3 


All 8q. edges flush with heel 
of angle. All angles, 21g" xi" 
All rivets, 14 dia., heads flattened 
outside. All open holes dia, 


UNDERPINNING CYLINDERS, CAMBRIDGE BUILDING 


¥ 


EACH SHAFT TO BE PUT DOWN AS A VERTICAL TUNNEL, 
USING POLING BOARDS IF NECESSARY, AND COMPRESSED 

AIR IF WATER IS ENCOUNTERED, SPACES BEHIND SHELLS 
BE FILLED WITH 


in four segments, one of which was ‘small, 
au , as n Tining. In this key segment the connection 


r 


gles were 


. Ti Joint her see 


: 
— 
o 

| 

» 
— 
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vertical) were 24 by 24 in. 


% top. section | had been bolted i in place, the -exeavation was made for the 


the was excavation was made for all four segments 


off, it was considered desirable to provide i in the contract for doing the , 
work under r compressed air if water should be encountered, and the 
first cylinder to to be sunk had gaskets in the joints; but, as it was found 
- ‘that ‘the borings. had 1 been correct in showing the ab sence of 1 / water, no 


effort was “to obtain water- joints in the ¢ other ‘fifteen 
In sinking ng one, of 
been blasted, as it had as this cylinder was directly 
over the tunnel. The “flushing of 1 the street ne near the ‘Waldorf allowed 
consider ‘able water to percolate an and get into the uncaulked joints s of he 
in quite a stream, it noted with su sur- 


passing into the drains: or crevices alongside of the com- 

ple have been 


This 
Cambridge Building, resulting from the construction of the tunnel. 
The first was the rotting of the piles due to the removal of the ground- 
water, and the second the removal of the subsoil, especially where . 
was muck or silt, as in this case, by the continual draining of the water _ 
_ from the streets, old streams, ete., into or alongside of the tunnels, for 
it is known, of course, that such continual drainage must carry a da 
: amount of soil or muck with it, causing a gradually enlarged pore 


& which, “sooner or later, would be filled from | above, perhaps suddenly, — 


‘his: action is occurring i in so ‘many places ir in New York C City that 
day we may expect to av whole suddenly ike 
» of the in mining districts. 


‘These plans were d drawn up in July 1908; ‘Mr. was s awarded the 


act in August, and 1 by August 21st had the first cylinder 


a 


having 1g spent 4 or on it, his new to the 


a extra precautions were taken against water, ete. The other 


‘a 
— 

— 

| — 
— 
— 

— 

— 

— 
ii 

— 

— 

all, 
— 
— 
lial 
— 
— 


ft. ‘girders, to Mr. ML. Tench, who 


eas, 
t disturbing ‘the sidewalk in 1 front 


of the jewelry store. 
valuable goods, such as statues, paintings, ete., it necessary 
about 5 5 ft. south of the wall which w was 


‘the premises. the ‘Kirkpatrick ‘Company the end of 
Se ptember, on account of the fall trade, : and, by w orking day ‘and night, 
ef 4 Table 1 shows the order in which the cylinders | were sunk , their 


Depth of rock 
Date of of reaching below curb, 


Aug. 21-08 9 

(29-02 


9-08 
«11-08 


a though there was" continual settle- 
en 


uik ling one has been 


back, the of the all broke a 4-in. water main, which 
7 caused | a good de al of worry, as the Ww ater started to flow around the 


none sit nee. At one time, when the build ding was being tied 


— 
— 
— UNDERPINNING THE CAMBRIDC 
3 he rate of about 2 days each for a depth 
5 cylinders were put down eenth or last cylinder 
Linders were below the curb, the sixteenth landed. Generally, an 
LY linders at a time, but 
— 
— 
— 
xe 
|| 
— | 
tm Order of sinking. | 
a might be stated here 


ts way into the It took 


3 hours for the proper authorities to cut off ‘this pipe. However, as _ 
soon as the pipe broke, the men made a dam of sand bags, thus keeping 
most of the water aw ay from the low spot around the boilers and allow- a 
ing it to escape into the sewer, 
writer wishes to thank | those connected with this u under 
5 work, “namely, Mr. John S. Holbrook, Vice- President of ‘the 
Company ; Henry G. Opdycke, Assoc. M. Soe. ©. E,, Consulting 
E ngineer ; Mr. Alex. Brown, Fe Seneral outrector: Mr. 
: ‘Tench, Erecting Contractor; the Cockburn Barrow and M achine ‘Com- 
pany, which supplied the steel cylinders, and Lewis F. ‘Shoemaker and 
Company, which supplied the steel girders, for the way in which 
did his share in stopping the settlement of this: building. a 
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PAPERS AND 


7 on Societ iety is not responsible, as a body, for the facts and opinions advanced 


in any of its publications. 
BUILDING: AGRE EMENTS. 
B. B AMForD, Assoc. M. Am. Soc 
To BE PresenteD Fepruary 2p, 1910. 
This paper has been limited to” agreements | . for the construction n of a 


4 


ings, and no attempt has keen made to co cov er the subject of agre 
a ents in general, because the writer has ; given this type special haend 
and also feels that the principles underlying» ‘such agreements are 
readily simile to pets for other construction, and that, within the 


- limits of this paper, many of the vital questions at issue can be brought 


out more effectively by taking a . conerete ease rather than: by dealing in 
Tittle whether the person who planned 
it until is called an Engin 
practi ical difference would be that the be cused 


on 


or one case and the word “Architect” to represent such a a 


perso1 Therefore, it should be 


> is used this paper at is intended to desig 
eq 
1ent, to out, supervise, in an 
prey at any stage, in the erection of a building, from the time it is” 


mentally onion until it is finished and ready for use. 


_—These papers are issued before the date ‘set for presentation at and discussion. 
Correspondence is invited from those who cannot be present at the meeting, and may 
be sent by mail to the Secretary. Discussion, either oral or written, will be pub- | 
lished in a subsequent number of Proceedings, and, when onan closed, the papers, 
3 with discussion wit be published in Transactions. 


Li 
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AGRE EMENTS | 


rpose_ is not a defense: the 


imply one advo 


a contract. 
fa different mou d 


1 is of a mould, ar 
welcomed ‘among broad-mi nded men, . Ins a new 0 
= Agreement and Schedule of nations: of Contra t, it i oped that — 


‘something definite ‘may be accor mplished 
that Engineers will readily exist, and eryone has 
different | ‘means to correct. The w rriter does not imagine 
= he ‘discovered some new and patentable truth, but hopes that his : 
‘studies “may have brought ‘into conerete shape ‘some practical sugges 
tions: for correcting well- recognized ‘faults. Engineers and 
Architects have set about putting their own houses i in order, as typified : 
a? contract requirements, they c can then more fearlessly demand that 


Contractors right the Ww rongs for which they are to blame. 


Much might be said on the general subject of fairness and Justice 

_ to both Contrae tor and Owner in the various contract | requirements, 


wrongs 


on the faults of omission a and. commission by Engineers and Architects, 

and on their duties , obligations, and x responsibilities. y hese subjects 

would have a direct. bearing « on principles underlying the ‘reasons: 

for ~many of the contract. “requirements herein suggested. ‘The egal 


‘questions involved requirements are also of great im- 


“portance. In order, however, to keep this ‘paper within reasonable 


bounds, its subjects have keen abridged reference been made > 
to. articles and ‘books where much additional information may be 
will be 


» 
In g gathering 1 material for a prospective book on Building Specifica- g te 
and Contracts, n numerous recent specifications and contracts: were 


specially obtained from 1 many prominent architects and engineers or 


the | purpose ose of study and examination. A careful examination of these, 


as actual working instruments, and a a study of recently p published —a 


or addresses, have led to the belief that there was probably ‘a need 


investiga ating the of (or -ealled 


a 


The need for. a more or 


= 


equity to all parties to criticism is easy, 

a 

* 

— 

| 
— 
> 

a. — 
— 

— 
— 
- 
| less authoritative set of requirements, | 


, the American Institute bea Architects, 


al Association 


“number ago, 


"remained in force, wit 
time. ‘The last revision was” 05. “This contract, with 
all ; its defects, is in general use among Architects, as ‘there is no olen 
form, havi wing the endorsement o of a “American “organiza- 


tion, to take its s place. 


In j justice | to the American Institute of J Architects, it should be e said 


aS Standing Committee ‘the ‘Standardization of Documents was 


appointed in ‘February, | 1906, , and has denis ‘excellent work in 
collecting material for new building agreement. Early i in 1908 the 

for limited circulation, a pamphlet, containing a 


tentative les ns, to facilitate making of su esti ions or 
ntative ri of forr facilit suggesti 


eriticisms to assist ‘ie Committee i in its further study, 

u It was recently learned from | several authoritative sources that the 


work of the Committee might not be published for some time, possibly 

_—~years, and, as he writer’ ’s work has been entirely independent of ‘the 


Committee, 


Several ‘years ago, the v writer learned that the Royal Institute of 


British Architects had spent: ‘many years in p erfeeting a just a and 
equitable building agreement, but investigation revealed the fact 


“a The x more e closely the writer analyzed his own work and ‘en and 
_ compared | them with ‘those of the R. I. B. "= the more firmly con- 
_ vineed he became of the excellence of the latter’s work. z ‘Looking back 


at the time which has been spent in perfecting this work, and the 

number of eminent and experienced men who have contributed to it, | 

there should be small wonder at its present superior 


claimed for 


a 


personal consideration and frankly undertake to revise a 
excellent document, to meet American conditions. The Agreement 

and the Schedule of Conditions s of Contract put forward by the writer 


have “been ‘modified, after serious study, from ‘those adopted by the 
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LBA and the language ‘of the original has been retained wherever 
os ssible. Such a rev ise ed document has a ‘a very important practical — 
advantage over an attempt at originality. 4 As many of the requirements 
modify traditional American ‘practice in | many ‘respects, 
ight be objected to it has n not had the of sufficient. ex: 


erience to make it advisable for general u use. English ar and American 
url 


isprudence are fundamentally ‘the same, therefore the laws or x 


decisions of one country are more nearly similar those 


other than is true of any other two countries. Since the work | 


the R. I. B. _A. was originally about 1878, and the present 


documents were approved in substantially their present: shape i in 1895, 
in their — in 1908 08 by the te of 


Battaia and Treland, 


n, and can 


be accepted with as a 
Sethe upon which to erect the desirable superstructure. 


Th e following sketch of the British nt, as given 


“The first time the si ata was s broached was on ‘the 1 18th January oo 


stitute of Builders’ with in “existing = 
of of C onditions of Contract. The Committee agreed ‘to consider 
uestion, ‘and a Sub-Committee was formed. he Sub-Committee sub- 
_ mitted their draft of General Conditions to the Practice Committee 
‘on the ‘18th December 1888, and for the following year the draft ‘was 
Negotiations were then insti-- 4 
‘tuted 1889) with the Institute of Builders. the 
29th May 1 1891 the Committee considered the draft as altered by the | 
Builders, a1 and ‘negotiations with ‘that Body “were con- 
tinued through the year. On the 9th August 1892 the first Conference _ 
between the Practice Committee and the Institute of Builders was 
held, the representatives « of the Pr ractice Committee being Messrs. : 
Henry Currey, H. C. Boyes, G. E. Grayson, Edwin T. Hall, and T. Me 
Rickman. _ Negotiations t then continued for two or three years, ‘but 


it was found come to an agreement. In 


Sa 
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Form of Contract which was in use from that date to April, 1901, 


“On the 5th December 1898 the Secretary a the Institute wainiied 
; that he had had an interview ‘with, ‘the Secretary of the Institute of 
uilders with reference to ‘an agreement between the two Bodies 
a the Arbitration Clause, and a Sub- -Committee of the Council, con 4 
sisting of Messrs. Aston Webb, E. Gruning, ‘John Slater, W m. 
Emerson, Thomas Blashill and Edwin ‘T. Hall, was appointed to confer 
with the Builders. Several ‘meetings of the joint representatives 
held, and on the 8th October 1900 the Institute of Builders forwarded | 
the Report. of the Joint Committee to ‘the Council and stated. that they 
were prepared to adopt it. On the 10th December the Council ‘sub- 
‘mitted the revised Paper to > the General Body. . The . Arbitration Clause, 
however, as revised, met with such strong opposition that the Council | 
referred the ‘matter again: to the Institute of Builders: urging ‘the 
to make ‘the C lause acceptable to the RS J. B. A. 
After sc some further correspondence. it’ w as announced in April at 
a General Meeting that the negotiations between the Council and the 
of Builders for ¢ a uniform Contract had failed, ‘and at a 
= Special General Mocting held on the 15th Apr il 1901 the present Form 
revised by the R. I. B. A. “was: ‘sanctioned. On the 19th January 
7 1903 the President reported | to the Council that the President of the = 
Institute of Builders had expressed the » willingness of the pe to 
i. the Institute Form as it now stood, with the addition of a 
_ proviso to Clause 16. The matter was referred to a Committee of the 
a. ‘ouncil, who on the 18th May 1903 reported that they had conferred 
with, ‘Mr. King : and Mr. Greenwood on. behalf of the Builders, who had 
agreed to accept the Form only to the modifications 
now proposed. 
7 quested to o send a formal communication to the Council stating that his | 
— ‘and the National f edera ation of ‘Master Builders were prepared 


hat the 
the 


= 


to various matters affecting building agreements, and are ; given for 


- the benefit of those desiring to make a more extended study of the. es. 


‘The following references. are to a few articles or books relating 


— 
‘ 
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= tthe p Royal Institute 
1lders. he debates on 
— 
yo. 
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and Contracts,” by Willies. B. 
Bamford, Assoc. M. A Am. Soe. E The American Architect, 
beginning Sept. 15th and. ending Oct. 6th, 1909. 

“The Engineer’s Fault,” by John C. W ait, M. Am. Soc. ©. E (A 

discussion of specifications, contracts, and lawsuits. Procee edings, 
Municipal Engineers of the City of New ‘York, 1905. in 
“The Legal Position of Architects in Relation. 
Awards,’ by J. Strahan. ‘paper read before the Roy: al 
British Architects , Jan, 28th, Abstract in The Builder, Vol 
Building Agreements. Bee various discussions upon the docu-— 


ents adopted “by the Royal Institute of British 


Amendments, Journal, Vol. 8, 1900-01 
History of Agreement, . Journal, Vol. . 10, 1902-03, p. 416. 


ingineers’ Contracts and Specifications from a Jontractor’s Point 
of View,” by James W. Rollins, Jr., Am. Soe. C. E. Journal, 
Association of Engineering Societies, July, 1907. 
“Different: Plans: Letting Contracts,” by Frank Gilbreth. 
(Paper read before ‘the American Public WwW orks Association. mn.) 
in 1 Engineering News, Oct. 18th, 1906. 
“Clieuts, Engineers, and Contractors.” ditorial 
the legal rights in n the business relations, and the extent of the engi- — 
authority. Engineering (London), April 19th, 1901. 
“The Engineer in Construction Contracts,” by John Wait, M. 


Am. Soe. C. E. T ransactions, Association of “Civil: Engineers: of 


“Engineers” Specifications.” (Observations | on "specifications 


= general anes the legal effect of clauses of particular hardship to con- 
4 tors.) The Engineer (L ondon), Dec. 3 30th, 1904. 
“The: Influence of Specific ations on Commercial Products,” by 
g B. Dudley, M. Am. Soc. C. E . (Presidential address before the _ 
American Society for ‘Testing Materials. Proceedings, American 
Society for Testing Materi als, 1904. in The Engineering 
Record, July Hh, 108 
“Arbitrations: Text- Book for Arbitrators, Umpires, ion 
Connected with Arbitrations, more especially Architects, Engineers, 
and Surveyors, in Tabulated Form, with the Chief Cases | Governing =e 
Same, and an Appendix of Forms, Statutes, Rules, ete.,’ 
fessor Bannister Fletcher, F. R. I. B. A., London’ (1904). . Crown n 8vo, 
149 pages, cloth, 3d ed., revised and largely "rewritten, 
“Architects” ‘Law Reports’ (illustrated) Series of Revised 
ports of Cases Decide d in 1 the Superior Courts, of Importance to Archi- 


tects, Survey eyors, and Others Interested i in the Construction ¢ and Jeni 
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nance of Buildings ‘Streets in London a and he. Provinces,” com- 
piled by Arthur Crow, F. RL B. se Legal Editor; A ALF. Jenkins, 


a Barrister-at-law. London, Vol. Deec., 1904, 125 pages, Ato, paper 
cover; Vol. II, Dee., 1905, 275 5 pages, paper cover; ol: IIL, Dee. 

‘a ‘Building C Jases : Being a Digest of Reported Decisions Affecting 
‘Architects, Surveyors, Builders, and Building Owners,” by F. St. 
Morrow, LL.D., _Barrister- at-law. London | (1906), Large 
nglish), with Precedents of Building Leases and Contracts, and 
- Other 1 Forms Connected with Building, and the Statute | Law Relating 
to Building, with Notes and Cases under the Various Bections, To- 
(a gether with an Appendix of Unreported Building Cases,” by Tudge 
mden. London (1907), 800 pages, 4th ed., revised, Large 
“Conditions of Contract,” by Frank W. Macey. London, 1904. 
“Engineering and Architectural Jurisprudence: Presentation 
Law Construction for Engineers, Architects, 
Builders, P Public Officials, Attorneys-at -at-Law, ” by J John W ait, 
Am. Soe. 0. E. New York (1898), Ixxx + 905 pages, 8vo, cloth. 
“Taw of Contracts,” by John M. Brown (the author). 


Divisions or Contracts. 


LAD e 
rilding contracts may said to be into four parts 


isions. 


terms under: 


sary ‘before the execution 


“Form of. Agreement” ar al id of of. Contract” as 


2.—A greement (or called Contract). —Being the “instrument 
executed between the Ow mer and Contractor, legally and formally bind- 


them to fulfill their | ‘obligations. Tt should properly include the 
mae 
Schedule of Conditions of 


ne 


furnished, 

—Drawings—Being the graphic of t the work to 


be done, with the quanti 
one, with the « quantity and sizes of materials. z 


4 
t 
inary to Contracts——Being the 
| rded_ and giving the general information neces- 
ay 


BUILDING AGREEMENTS 


This} paper treats only of the. Agreement (or s -called 
The Agreement preferably, should not contain any matters con- 
cerning the details of construction, these belonging properly. to the 
"specifications. There are, however, a number of legal requirements. 
which could be included i in the Agreement or in the Specification. 
Legally, they would be just as binding i in one as in the other 


= 
matters will be mentioned under the heading “General Conditions.” i 


4 


Reasons For 

A building contr inte by the Owner in or to ‘obtain 


‘services of ractor who is skilled in th articular 


1s SK t p cular 
F wae 16 & at particular K 


“work, and by the © 


in remuneration 


it is immaterial to Contra ctor what kind the or 


one, bu but. if the Contractor’ profit fit is not 


he | vi interested in 1 anything: that may tend ‘to 


affect | this prospective profit. With the Contractor, the v the work is purely 


‘a business proposition; he ‘expects: to make a ‘certain “profit for doing a 
particular amount of work. rk. ‘He must make a ‘legitimate profit; his. 
business life depends on “endl: the more feels this slipping away 
from him the more diligently will he find ways: and means s to reimburse 
himself. Even the best of contractors will t ‘try hard to obtain this 
profit i in one ‘way or another, else they must ultimately be forced from 
business and leave the field to those who are probably less compet tent 
contractors but. shrewder business men, 
JA ‘contract i is to ‘insure that an Owner will obtain a definite 


"piece o of work for a stated sum and within a given time, and to insure 


- that, tee doing this, a Contractor will be paid stated sums of ‘money 


at times. The contract, therefore, should | be: drawn so that thee 
Owner can demand and ‘obtain his work and the Contractor ‘ his pay- 
ments with the least delay and difficulty. 
= It is thought that the provisions of the Agreement and | Schedule 
of Conditions of Contract given hereafter will protect. more equitably 


A= 


the interests of of all parties, and permit the | Engineer to er enforce m a 
certainly the proper fulfillment of the contract obligations than than has 
‘been possible under ‘the x majority of such documents which have come 
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itractor because he expects to make a certain profit | 
his services and knowledge. Assured of his profit, 
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BUILDING AGREEMENTS 

SysTeMs oF ConTRACTING. 
At present the systems of in building work 


be divided into general classes, Tump- -sum system the 


percentage systems. They a are often designated by the manner 
n which the work i work is to be paid for, as: 


2.—Cos »P us a pe reentage ; 


B—Cost, a age—where- the Gene ral Contractor takes 
stimates: for sub- branches o of work, » and ‘makes lump-st -sum 


—Cost, plus a fixed sum; 


Cot plus a fixed sum, with a bonus if cost is less than fixed 
sum, and a penalty if it exceeds such sum. 
a the best. ‘Such a system pre-supposes that the contract defines the work 


to be and that contractor, therefore, can determine 


> 


no matter how conscientious he may be, that he may not be ie, 
- under broad o1 or ambiguous clauses of the contract, to furnish more than 
he honestly understood would be required from his reading of the 


contract when estimating. he may be forced to. do work at anet 


instead of a ‘a profit. Under t the various percentage: systems, on 


contrary, the Contractor is assured of his ‘no matter how 

The lump-sum contract is superior to o the | percentage type because 

— more truly fos fosters. fair and open competition, and is more economi- __ 


vy many men of 1 ripe experience. 7 


cal, has been demonstrated amply 


This presumes ‘that the drawings and specifications describe ‘com- 
pletely accurately everything that the Contractor must do, 
furnish, » especially where an expense is involved. this. is not done, 


the Contractor’ prices become mere gambles o1 on probabilities, and not 

accurate estimates of actual costs plus a a legitimate profit. Ins such a 


ease is it to be. wondered at ‘that a Contractor will fight at every -legiti- 


he 7 _ mate opening in order | to protect his final profit? He is not always 


able legally to demand additional compensation for the work which 
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has actually cost: him more than therefore his 


only, opportunity to make up his losses and come out with a fair ‘total — 


profit is by obtaining prices for. additional or, if it does 


or to get all the extra money “— 


find Pama in the « contract and endeav 


- With the irresponsible or dishonest Contractor there need ‘be. no 


sympathy, but by for greater r number of Contractors. only 


desire their legitimate profit, and the prospect t of making a profit 


- by hard, honest work i is none too bright at the present time, under the 


isual lump-s -sum contract. 


Contractors have found that the easiest and ‘most. practical way 

0 overcome the disadvantages of the lump-s -sum estimates: is by the 


to 
percentage systems, The Contractor i s thus assured of 


- profits and the Owner and Engineer can | change 0 or increase the work ; 

‘to their hearts’ content, § as s all additional inv volved i is borne ene by 


Assuming that the Contractor is and that the bills 


statements: he presents for payment are correct, and have all discounts, 


except, a cash: discount deducted, the cost of percentage work is apt to 


“exceed the cost of w ork done under a a lump- -sum contract. : The reasons | 


for ‘most of this increase are “not hard to find. The Contractor, ‘not = 


being responsible for the cost, an and hi aving his. profits | assured, readily. 
as direeted, n no matter how « expensive 


makes a any changes and does work a 
and ‘the Owner does not realize 


or “uneconomical such work: may be, 
how « expensive his fads or fanci ‘ies will be the work is completed. 


again, if the pereents ge is based on cost, is. not the 


Another most serious to ge is due to 


that mechanics are inclined to loaf, even under the most careful 
er 


supervision, it is hard to as much von out ba 


the lump-s -sum system. | They see 


- Contractor, r, will not suffer r any os 
wi not | be in 


stem 


‘com 


1321 
— 
2 
— 
| — 
| | 
af — 
— 
ly 
d, 
— 
| or, 
ot yer, the 
a there will be no harm done. 01 Sue — 
rere will be no harm done, or they 
ions to pnercenta oF 
béen overcome in varying « ions to the percentage sy 
ch 1e in varying degrees under Systems 3, 4, 5, 
, and, with all their faults, they 


— 
AGREEMENTS 


will ev entually supersede the -lump- sytem, more care is 


taken to make contracts complete and accurate. = 


The English method of “Quantity Survening” ” is another excellent 
to overcome the worst objections to t lump- ‘sum system of 
but, as cat in use, it would too for 


all: Con ntractors, they ‘thei ir 


in minute detail, ‘and, as all Con 


advantage. is The Roy 


_ approved forms, which are only s 


lump- -sum contracting, in which e prince 


“Quantities” part of tl the conrad der such at 


“tractor would be able to ) obtain compe 


PP ste that the Owner’ s interests must be most carefully ‘guarded 
against failure by the Contractor to fulfill his 2 agreements properly. 
“ie the past, when profits were ‘sufficiently liberal, Contractors could 
afford to take chances that “ club-clauses” would not be strictly « 


profits lost by unfair clauses could be made u up, on “extras 
day, however, competition : is sharper, and profits are too. often figured 
on too slender a margin to permit | a Cont: ractor to “take care” of 


losses caused unfair el clauses. wonder, then, that the 


becomes m more and more re technical and troublesome over small omis- 

sions or errors, whereas, before, he could charge these 1 minor matters 

to profit and loss, or good- will. The chances whieh : a Contractor takes 

oe that an Owner will not be fair-1 -minded should not be overlooked. | An 

Owner may become v very exacting, and m may insist on ‘ ‘strict and literal” 


compliance with the letter of the specifications and contract, and ar 
place an in. Engineer i in a very embarrassing position by referring | to > and 


insisting on the literal fulfillment of certain ambiguous conditions or 


the “taking: of every p pound of flesh,” against the -Engineer’s better 


; The value of a just contract to the Owner and the Engineer is as 


_ great as its value to ‘the Contractor, . A just contract, provide ed it is is 
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— 
stitute of British Architects had 
—— modifications of the one for 
b is in making the 
sontract, the Con- 
items not men- 
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nating the necessity for sums to cover possible contingencies it 
broadens real competition, and encourages lower estimates; it e ensures 
more rapid erection, and also acts as a powerful regulator of the mutual 
_ understanding and confidence in the fairness of all parties, Fairness, 


“lke oil for machinery, is necessary to prevent friction. 


_ The Agreement i is only one of. the divisions of a contract. “a It is the 


specifications and drawings, together, which must give the Contractor 
a clear and complete knowledge of the Ww work he must perform and the 
materials he ‘must furnish, and should contain all ‘the information 


him to make an accurate estimate. and to out 


the work properly. y- The specification requirements should define clearly 


the result, the: accomplishment of which is the object of the contract. 


Itisa general statement of the work to be performed, : a description 1 of 


n materials, the quality required, and the workmanship to be per- 


formed, with definite limits as to. what tests must be made in order 
to determine ¢ compliance with th ‘the requirements of the contract, or what 


defects would be sufficient ca cause for rejeetion. 


- Specification writing cannot be acquired successfully 9 without prac- 


tio and without broad knowledge, practical « experience, and a careful | 


study of the various materials and methods, of construction and their 


relative costs. ideas and methods change and improve, as a result 


a of experience, s0 so specifications ‘should be changed to keep a abreast of the 


- 7 An inexperienced w writer is wey apt to be uneven in his deserip- — 


tions, writing at unnecessary length ‘upon ‘matters with which he is 


familiar, and ¢ covering his i ignorance of equally important matters by the 


brief and ambiguous direction that ‘ ‘the work shall be done to the 


entire satisfaction of the Engineer,’ “whose decision is to be final 


and binding on all parties.” These statements are too « often an 


- sion that the Engineer did not know what he desired, or that the Owner 


had failed to express a preference and, therefore, had been Ww with 


previously stated, the ultimate object of a contract is insure 


to the Owner that he will obtain a definite finished p bas oduct, of a certain 


kind, for a particular cost, and i in a given time; and to insure to o the 


Contractor that he will obtain certain of money at ‘definite times 


for doing a a definite amount of work; and the Engineer i is looked —™ 


as the arbitrator or judge, to : see ‘that both parties receive their full 
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can 
* payments wi with the leas ast 


"Engineers ha: have alw ways elai arbitrators between Owner and 


‘Contractor, and not the repres of one This posi- 


‘tion isa a proper one, but / to- day i i ) a myth th than a fact. The 


anomalous position is brought a no cause Engineers are 


ous of being unfair, ‘but because agreements (or contracts). 


generally us used, which make it extre if not almost 


Vy for Engineers to be fair if they conform to the agreement’ 


‘It might claimed that one of the most. practical benefits to 
E Engineers and Architects, in ‘the “more — use of an agreement 


“4 
‘ead us into te temptation” would ‘liver ‘from 


the pitfalls lurking unsuspeetingly around m many present: 


Ww hile there is abundant room and ; great need for material i improve e- 

ment in specifications, it must be recognized that, with ‘the limitations 


to the best of human endeavors, it will be extremely difficult, even for 


the most conscientious and p 


large work which “may not contain ‘some “when 

viewed from the Contractor’s standpoint. ‘We can to ‘the 


- goal, certainly much nearer than is at present the practice, but possibly, 
‘sli oversi ht may mean a Contractor’ heav loss. 


w riter, therefore, strongly f feels that one of the most practical” 


steps | toward the realization of contracts which will be fair and just to. 


| call parties will be made by the more general acceptance of the ——. 


A 3 

‘contained i in the following forms of J Agreement. and Schedule of Condi- 
tions of ‘Contract, and the adoption of similar | provisions i in contracts. 


| = ‘the the f Ag 4 
tp It “is suggested t that the fo lowing Ag reement and Schedule of 


Conditions of Contract, be ‘read ‘through first as a whole, in order to 


_ obtain a general knowledge of thei sir scope, omitting the. reading of the 


notes following. They ey should then | be ‘read, article by article, 


the after each. 
AGREEMENT. 


‘This ‘made the ...... day of . 


‘the year One Thousand and Nine | Hundred and ieee by and — | 


and obtain his work and the Contractor 
dJelav and difficulty 
— = 
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ame, . 


a. called the 


Con for the considerations 


r agrees” to provide a all materials and per- 


wee eee eee eee eee 


“(here briefly describe works) 


shown non nm drawings numbered and a as deseribed in 


the 
prepared by 


and to do all things required of ia by the Drawings and Specifica- 
tions and subject to the Conditions set forth in- the Schedule hereto — 
annexed (hereinafter referred to as “the said Conditions” 


Article Il. he Contractor ag agrees to complete the works by and 


the time or times hereinafter : stated, to 


iquidated damages should be a ‘matter special considerstion — 


> 
in each ‘separate contract. Many Engineers and Owners seem to 


desire ‘them, possibly : for the moral effect on Contractors. _ The history 

of the legality of such provisions should cause se them to be used vy with — 


; “Tn many cases s the following clause might be as far as it would be 


advisable to go toward obtaining just and reasonable dams _ for r delay 


in completion 


“The Contractor agrees that the time for ‘completion | of the works 
shall be considered as of the essence of the contract, and F 2§ agrees that 
4 for liquidated damages he will pay the Owner for the cost of all extra 
_ inspection, and for all amounts paid for rents, or for more protracted 
services on the part of. the Engineer, or Clerk of the Works, or both, 


a other expenses by the Owner by in the 


otherwise to become due to the ‘Conteacter an ‘amount to 
_ reimburse properly the Owner for such expenses. Provided, however, — 


ea: the sum collected as aforesaid for liquidated damages shall not 
the sum of each and every day’s delay not 
~ eaused by the Owner, or otherwise as provided in the said Conditions, 
Section XXIV (subject to 
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BUILDING AGREEMENTS 
Article U1 —The Owner agrees to pay the Contractor for the execu- 


a current funds subject to additions and deductions as provided in the 
ee Conditions, and upon the presentation of the certificates of ial 
day of each h month, the Contractor may 


to statement showing (a) the value of 
the work 2 and materials actually | wro rought into the building to ‘the first 
- of the month, (db) the value of materials delivered at the building but 


“incorporated into” the work, and shall deduct the aggregate of 


previous payments. On or before the . day of the 


month, the E mgineer shall issue a certificate -%o of the 
value | of work as executed in the building, ‘until the retained 


we 


the Owner amounts to the sum of after which time 


the ‘payments shall be for the full value of the wok subsequently 

executed. | . The Contractor shall be entitled, under the certificate to be 
issued by the Engineer, to receive payment of . , being a part 
5 of the said sum retained i in hand \ when the weds are practically com- 


pleted, and in like manner to ‘payment of the balance within a further 


period o of ............ months, or as soon after the expiration of such 


period months as. the work shall have been finally 
- “completed, and all defects made good according to the true intent and 
“meaning hereof, whichever shall last happen. The Engineer, however, 
shall have authority to ‘retain out of any monies actually due the Con- 
tractor only such “sums” are provided by ‘said Conditions, 


Section 


The manner of pay rment could be varied i in many ways, 2 as the condi- — 
tions of the particular ease it necessary. The principle under- 


yu 


lying the form suge ggested above, however, is ‘important. 


4 = 
As before stated, it i is as essential that the Contractor shall be able 
to demand + and obtain his payments as that the Owner shall be able to 


obtain the work for which he pays. 


In Article the Contractor’ s right to definite. payments is ex- 


pressed clearly. ‘The must issue a certificate for money due, 


become fairly ‘clean cut. 1e Contractor’s work is 


not done properly, there is ample power to withhold money to cover 
definite » defects. On the other hand, if the Engineer or Owner with- 


any pay yments without just cause, the Contractor has recourse to 


4 
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Engineer is allowed ample discretionary power to withhold any mon 
— 


‘the — certain in contingencies, as in Section | 
. ‘The idea of a percentages until the completion of of the work — 


is intended to i nsure ‘its proper completion. “usual America 

of retaining an start 


approximately | half completed, the sali praey be paid for i in in ful 


sing a percentage. Of course, additional sums om 
retained to cover | enone defects. The sum retained | when the work is a> 


Article that the term “the Engineer” 
in the said Conditions shall mean the 
ever rent of his death o or ‘ceasing to be the Engineer, for purpose of the 
contract, such other » person as shall be nominated for that purpose by 


the Owner, not being a person to whom the Contractor shall object for — ne 


entitled to disregard o or OV errule any decision, or + approval, or 


the occur. It would prevent 


Engineer desire to change \ work which ) may be purely matters of opinion 


or judgment of both himself and his predecessor, such changes should 
not be paid for by the: Contractor, but by the Owner, if he decides to 
follow the suggestions of his adviser. > Of defective work should 
condemned at ‘any time, when discovered. Should an Engineer 
Ve desire to change some orders of his predecessor, and take the ground ee 
that certain work should ‘bed as a of the contract, he ‘should 


done XVII of the Conditions, to the 
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but are generally very troublesome wher 
-a subsequent Engineer from altering at Wirimatters Of Personal 
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1 pe the right of appeal 


parties hereto will respectively abide by and submit themselves to the 
conditions ‘and stipulations, and perform the agreements on their parts, 
respectively, i in such Conditions contained. 


_ Article VI. —The Contractor and Ow ner, for themselves, their suc- 


Witness Whereof, the Contractor Owner. have hereunto 


their hands and seals, the day and year first above Ww ritten, 


ScnEpULE CONDITIONS OF Contra ACT. 
shall be erected in 


> by the E ngineer. If the work shown on any such further drawings or 
details, | or explanations be, in the opinion of the Contractor, extra to 

that comprised in the Contract, he shall, before proceeding with such > 
a work, give notice in writing | to. ‘ie eck to the Engineer. er. In the 
event of the Engineer and Contractor failing to agree as to whether 
or not there is any extra, and of the Engineer deciding that the Con- 
tractor is to carry out the said work, the Contractor shall accordingly | 


do so, and the question Ww vhether or ‘not there is any extra, ra, and if s 80 the 


provided in XXXIV, and the Contractor will be p paid 


the troublesome question of work ‘shown by 


to a assume that the know better ‘than: any- 
one else whether his, det tails require extra work, and ‘the Contractor 
should be permitted at any time to_ recover the value of such work 
upon proving ‘that it was extra to the contract. > : here are many sound 
“objections to such a course, and the more satisfactory. of the two ev ils 


would seem to be to require the ‘Contractor to notify the Engineer 


= 
4 
— 
— 
accordance wi ith the Contract 
— 
— 
= 
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provide everything necessary for ‘Glen of ‘the 
- works, within the limits established by the Drawings and Specifications, . 
_seoording to the true intent and meaning of the Deswings and 


Drawings and Specifications, he shall immediately refer. the same to 
Engineer, who shall decide which shall be followed. Figured 
dimensions shall” be followed in preference to the scale, and figures. 
on large- “scale drawings shall take precedence over 


—Copies of Drawings Specifications.— The Contract Draw- 
ings and Specifications shall remain in the custody of | the Engineer, 
and shall be produced by him at his office as and when required by the 
Contractor or the Owner. T Three complete copies: of all Drawings | and — 
of the Specifications shall be furnished by the Engineer, free of cost, to 
the Contractor, for his own | use. The Engineer shall furnish to the - 
Contractor . after the receipt by him of 
request for the same, any details which, in the « opinion | of the Engineer, 


are necessary the execution of any of the work, such request 


such poe in order to ‘fulfill the A set of 
‘such. copies and details shall be kept on the works until the completion 


thereof, and the Engineer or r his representative shall at all ressonable % 
have 


by the Contractor at the final payr 


—Conform to Laws, Regulations, E tce.—T he Cc ontractor shall 
~ conform ‘to the provisions of all the State building and sanitary laws, 
and with all municipal or local ordinances, rules, and regulations 

a relating to building and to the preservation of the publie health and 
also with all regulations of the Board of ‘Fire Underwriters and 
Fire Insurance Authorities having jurisdiction, and of any Water and 
—— Companies with whose systems the structure is proposed to be 
_— eonnected, and, before making any variations from the Drawings and — 
 Seeciieteane that t may | be necessary by so conforming, shall give to the - 

= wr itten notice, specifying the variation oauniind to be made, 


the | reason. for making it, and apply thereon. Inv 


Lad 
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> larly shown on the Drawings or described in the Specifications, 
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shall proceed with the work, conforming to the provisions, -ordi- 
‘nances, rules, and regulations in question, and the variation thus 


necessitated shall be dealt with under Section XXXIV. All contract 


re 

rules, and ‘regulations, shell be fully complied with. “The 

7 ie at his own expense, unless the law specifically requires the Owner to do 


so, "shall obtain all necessary permits and licenses, give all” necessary 


k laws, ordinances, of States and ‘municipalities: are often 


divergent i “their requirements, and in in places positively cor con- 


tradictory. The meaning of many of their 1 requirements, together with 


a A great | many y of those of various: Fire Insurance Authorities, is n not a 

—e easy | to determine by the most | careful reading. ~ Then again, the local 


a authorities may have discretionary powers, and ‘their ‘ ‘personal prefer- 


© 


; ences” ‘may be difficult to obtain, even n by local ‘men. Thus it would 


appear that, an Engineer cannot interpret correctly the local 


—_ 


‘ments in his drawings and ‘specifications, it i su unfair to place the 
responsibility, by a a blanket clause, on the Contractor. If, therefore, the 
authorities require work to be done in a different manner than that 
df alled for by the contract documents, and such v work involves . addi- 
"tional | expense, the. Owner, and not the Contractor, should ; pay for 


Vi—Setting Out Work.— —The Contractor shall out the work in 
accordance with the Owner’ s survey and the Engineer’s drawings, and, 


the ‘progress of the building, shall at 


— iItis advisable that the | Owner have a ‘survey made, and guaranteed, 
if desired, by some recognized Title Guaranty Company. vith this 
- survey and the ‘drawings, the Contractor should be held to lay out the 
work « correctly ; but, to renounce all responsibility for the survey or 
_ drawings, and enc leavor to ; Dp ace the responsi i ity or all conc itions, 


both known and unknown n, on a Contractor, is not good business policy, © 


“nor, keen professional ‘foresight , though | there “may be specific 


apparently to ‘justify such a course. 


—Foreman. —The Contractor : shall keep constantly on the 
a competent general 1 foreman, and any directions or explanations given 
by the Engineer» sa such foreman shall be held to have been given to 


rh 
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Assignment of Content: —The Contractor shall not, without 
the written consent of the Engineer, assign this agreement, po’ before — 
‘subletting any portion of the works, shall notify the Engineer of such 
fact, in writing. No - sub-c contractors, to whom 1 the Engineer has made — 
written n objections, shall be employed, and the Contractor shall 
full responsibility for a all his sub- contractors. 


Sub-« contractors are not legally recognized as as parties to a contract, 


but, in eases the power is assumed | of dictating | to a Contractor 
ersons he must employ as su sub-contractors. _ Such a a course is pee 
unfair, but. might « cause Tegal ‘difficulties later should the 
tr auies take the ground that he is 3 not responsible for the acts of a ie. 
contractor, not of his own n selection, but who was forced uy upon him by 
the Engineer or Owner. In the foregoing section the Engineer may 


disapprove sub- contractors who | are is 


— 


the Engineer approves a it can be that -con- 


siders tha that the person w whom will be satisfactory, while, 
by confining himself to the 


Work Other —The permit 


the execution of work by any other mechanics or tra trades employed by 
‘the Owner, and shall afford | them every reasonable fi facility for the 


: 
proper erection of their work. The Owner agrees not. to employ any 
= mechanics or trades on the work ‘against whom. the Contractor 


= sal make what the Engineer considers a reasonable objection, or who 
will not enter into a the Contractor guaranteeing the 
of his work and indemnifying the Contractor against 
valid claims Which may arise during the performance of the work, “tom 


‘The object of this section is simply to minimize ze the chances ‘ai 
between independent contractors their making 
claims to the Owner for damages done to them by « other contractors. B y 
this section, if a a General Contractor is responsible for the completion | 
of certain, work, he is permitted to make reasonable objection to other 
independent Contractors before they are employed, and to exact 
warranty for valid claims arising out of the work. If they agree to 
‘indemnify each other, the. Owner has then fulfilled his obligations; 


© 


‘then any disagreements must be settled between the: individual 
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rae tors, and the Owner can demand w ith a clear conscience that they 
shall perform — contract oblig gations, and settle : their. ow m - differences. ; 


fo Specifications. materials 
‘workmanship: shall the respective kinds described in the 
Specifications, and the Contractor, upon - the request of the Engineer, 
Shall f furnish him with vouchers to prove that the materials are such as 
are specified. The Contractor. shall also furnish duplicate labelled 
samples of materials and workmanship, for the E ngineer’s- approval, 
and the materials and workmanship furnished shall | be equal to the 


—Dismissal of W Contractor, on the | written re- 
quest of the Engineer, shall immediately dismiss from the works any 
7 person employed thereon by” him, who, in the « opinion of the Engineer, 
may be incompetent, or who -misconducts— himself, and such person 
- shall not be again employ ed on the works without the permission of the 


XI.— Access to Work. —The re Engineer and any person authorized 
by him ‘shall at all reasonable. times have access to the works, and the 


‘Engineer and his r representatives shall at like times bave access to the : 
workshops of the Contractor or other places where work is being pre-- 


Clerk of orks—The Clerk of the Works or other repre- 
sentative shall be considered to act solely | as inspector, and under the 
Engineer, and the Contractor shall afford him every facility” for 
examining the w orks and materials. _ The Clerk of the Works or other 
representative shall have no power to revoke, alter, enlarge, or relax 
bite requirements of the contract, | except in so far as such authority 


“may be specifically conferred by a written order of the Engineer, 
XIIL.—Work to Be Opened Up.—The Contractor, the request of 
the Engineer, and within such times as the Engineer shall name, shall 
open for inspection any work covered up; and should the Contractor 
refuse or neglect to comply with such request, the Engineer 1 may ‘employ | q 
other workmen to open up the same. If the said work has” been covered © i 
up in contravention of the Engineer’ s instructions, or if, on being 7 
opened up, ‘it is found to be not in accordance with the Drawings and 
“Speeifica ations or the instructions of the Engineer, the expense of ae 
ing: and cov ering it up again, whether done by the C ontractor or such 

other: workmen, shall be borne ‘and shall be recoverable. from, the 
Contractor, or may be deducted, as as provi ided. the work 
“not been covered up in contr 

ae in accordance with the said Drawings and Specifications 0 or instructions, 

then the expense aforesaid shall be borne by the Ow ner and be added to. 


contract sum: provided always” case of foundations, or 


@ 
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be Engineer, ‘that the work h has been so opened, ‘shall make or cause 
7 the inspection thereof to be made, and at the expiration of such time, 
& if such inspection shall not have been made, the e Contractor may cover | 
up the same, and shall not be ‘required to open» it up again 


shall power order in time to time the 
gi removal from the w orks, within such ‘reasonab le time or times as may 
‘a be specified i in the order, of any materials which in n the op opinion . of the - 
Engineer are not in accordance with the Specifications or the instrue- 
tions: of. the Engineer the substitution of 71 roper materia ls, 
I 


& 


Fae or instructions; and the Contractor shall i forthwith carry out such 
order at his own cost. In case of default of the Contractor to ‘carry ¢ out 
such order, the Owner shall have power to employ and pay other persons 
to carry ¢ out. ‘the same; and + all ‘expenses consequent thereon or — 
dental thereto shall be borne by the Contractor, and ‘shall be € recover: 
ie from him by the Owner, or may be deducted by the Owner from 
any monies due or that may become due to the Contractor. TE, in the 
opinion of the Engineer, it is not expedient to remove materials de- 
livered or alter work done which is not in accordance with the a 
the Owner may deduct the difference in value of the m materials as : 
delivered and the work as done and that ‘required by the Drawings 7 
Specifications, together with a amount for damages, which 
= shall be determined by the Engineer (subject to Arbitration). Sen 
XV— ork r—Any defects, shrinkage, or other faults 
may appear within... '...months from the completion o of the 
- works, ‘and, in the opinion ‘of the Engineer, arising from materials or 
workmanship ‘not in accordance with the | Drawings and Specifications | 
or the instructions of the Engineer, or any damage to pointing» by 
= appearing within the like period, shall, “upon ‘the direction 
writing of the Engineer, and within such reasonable time as shall be 


specified therein, be amended ‘and made good by the Contractor 9 at his- ° 


— 


: 


a= 


for ‘the s same; and, in « case ead default, the ‘may ‘employ 
other persons to ‘amend and make good such defects, shrinkage, or 
‘other faults or damage, and all expenses consequent thereon or i inci- 
dental thereto shall be borne by the Contractor and shall be recover- 
from him by the Owner from any monies due or ‘that may become 


due ‘to the Contractor. Should any defective work have been 
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wer 
or should be supplied by any sub- contractor 
mployed | on the work who has been nominated or “approved by the 


"Engineer, as provided in Sections: ‘Vil | and XXIX, 


“materials had been done or supplied by “the € Contractor and had been 
Ney to the provisions of this and the preceding Section. 


XVI.—Copy of Quantities, Etc.—The Contractor, if required be- 
= fore” executing this agreement or or before making epeliention for any 

payment, shall furnish to the > Engineer, upon a blank form prepared 
by him, a correct, verified, itemized statement, showing the quantities 
a of labor and materials that will be required to perform the principal 
items of the contract, together with their ] prices ; ‘and the amount in- 
cluded in | 1 his estimate for each general item of work to be furnished | 


of. the The above schedule : shall for of 
the Engineer, at b his discretion, only in preparing estimates for pay- 
ments on account to the Contractor. 

_If this section. ‘is read in connection with Sections | and 


XVII, it will be seen that apparently ‘desirable modifi- 
cations are covered by the. provisions s of those two sections. oe . 


XVII. —Variations and Extras.—The Contractor r, when authorized 


by the ‘Engineer, ot or as provided t by Seetion IV, shall | vary by altering, | 
adding to, or deducting from the contract requirements; such author- 
ization is to be ‘sufficiently proven by any writing or drawing signed by 


the Engineer, or by any subsequent written approval | by him, but the 
shall make no variation | without such authorization. No 


claim for extra compensation will be allowed unless it shall have been 
executed ed. under | the provision of Section TV, o or by the authority of the 
Engineer, as herein mentioned. Such an extra is hereinafter — 


Variations in the (or extras) is one of the most trouble- 


phases of lump-sum contract work. the provisions of. 


‘section and Section XVIII, with: the final redress to arbitration under 


Section XXXIV, it is hoped, | ‘that the greater part ‘of such contro- 


versies can be. adjusted satisfactorily. 
x —Price for Extras. —No variation ‘shall -vitiate the ‘con- 
all alterations, additions. to, or deductions from the ‘con- 
tract requirements, _which may have been made with the authority of. 
the Engineer, « or without his authority, provided he gives subsequently 
a written sanction to such omission, shall be es in one of the four 


following ways, as may be selected by the Owner: : 


— 
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shall ‘submit an estimate for making the 
— case an | agreement as to ) price cannot be reached, the Engineer r may 
order the work to proceed ‘and the Contractor shall forthwith ‘proceed = 
with such variation ¢ and d leave the price to | be settled by Arbitration. A- ee 
_— amount, , however, will be allowed by the Owner, equal to the. 
ae of the amount of the estimate conceded by | both the Owner 
ke 
and Contractor, and payments will be. ‘made on the “basis of such 


amount “without prejudice” ’ until the amount ‘shall be deter- 


Unit Prices. Where the shall given, in 

. estimate for the contract, or or in subsequent : accepted estimates, unit 
prices for specified parts of the work, the Engineer may make a 


aw, vard of a sum based on these unit pr prices, subject to Arbitration, * 
Net Cost. 2 In case the Contractor will be paid the 


psa a bona fide cash discount, have rsa deducted; plus the “cost 
of labor or material required to erect and finish the work properly ; 
plus: for profit, general office superintendence, and other — 
office expenses not peculiar to this contract; plus ....% per month on- a 
the actual cost for reproducing the plant as used for such extra work, 
for plant rental. The total net cost shall not exceed the usual reason- 
able cost for similar work, unless the Contractor can prove conclu- 
sively that the excess was due to exceptional unavoidable diffi-- 
culties or conditions. At required intervals, of less than seven. 
days, the Contractor shall render detailed statements and vouchers, 
a and the Engineer will award an amount as the net cost, subject to — 
_ Arbitration. In variations involving the omission of work, the amount 
to be deducted for such omission shall be based on the net cost as given 
above, plus ....% for ‘Prospective profit 
D—By Cost Plus» a Lump Sum. In such cases" the Contractor 
shall submit a an estimate which he agrees the variation shall not ex- 
ceed, plus a ‘sum for profit. . The Contractor, at _ required intervals, of c, 


‘not less than seven days, ‘shall render detailed statements and vouchers 7 


of the net cost, on. the | same basis as as s given un under “C” above, except 
en in his. the shall receive, jin the 
lump: sum n profit, . Perr, of the difference between the actual cost and / 
‘thes amout estimate. If the actual cost is greater than that 
given. in his estimate, the Contractor shall receive, in addition to the 
‘amount ¢ of his only . of the difference between the 
cost and the amount of his estimate. 
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has 
come to for solving on one of the most vital parts of a 


contract—the ‘compensation for legitimate extra work, ‘This 


has seen in use, and he s suggests: for it special consideration. In p prin- 

ciple, 


it is similar to the requirements . of the men Institute of British 


> 

XIX.—Damage to Persons and P roperty.—The shall 

ae indemnify and save harmless the Owner from any and all claims and 

demands which may be made by reason of any injury or damage 

_ suffered or sustained by any person or corporation, caused by, or. 

7 - alleged to have been caused by, any act or omission of the Contractor 
or his agents, servants, workmen, employees, or sub- -contractors » in the 


‘course of the performance of the work; and (2) an; any ‘injury 


age suffered or sustained d by any such ¢ agents, servants, workmen, em- 


| ployees, or ‘sub-contractors, however ¢ caused, in or about said building ; 
and the Contractor, at his own cost, expense, and risk, shall defend any 


all actions, suits, or other legal. proceeding that may be brought 
or instituted against the Owner on any such claim or demand, and 


pay and. satisfy any judgment that 1 may be rendered against the Owner 
in any such action, suit, or other legal proceeding, or result thereof; 


_ provided, however, that this section shall not be construed as an assump- — 
tion by the Contractor of any liability to ) the | Owner for any injury or 


in - damage caused by an employee of the Owner w who is not a Contractor or 
sub-contractor, or an agent, “servi ant, workman, or employee o of 
tractor” or sub- contractor engaged in the performance of work in or 


XX—Damage Work.— Contractor shall assume the respon 


— and at own expense, call to his or 


XxX X1.—P. atent Infringement, Ete. —The ( Contractor shall indemnify 

‘wa save harmless the Owner from any and all claims and demands 

i h may be made by reason of any infringement, or alleged infringe- 

ment, of any patent, patent rights, or claim, caused, or alleged to have 

4 - been caused, by the use of any apparatus or appliances, or portions 
thereof, furnished « or installed by the ‘and the Contractor, 7 
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actions, 


= gainst the owner on any such claim o: or demand, and pay and satisfy 
any y judgment « or deeree that. may be rendered or | adjudged against tl the 
Owner in any action, suit, or other legal proceeding « or result thereof. =. 


—Insu ‘rance.—During the progress of the works, the Ow ner 
+ will maintain insurance on said works, in his own name and in the 


“4 name of the Contractor, against loss « or ds amage by fire or lightning, 
and the policies will cover all work incorporated in the building, e 


cept that of excavation and foundations below the kee el of the ground, 
and all materials for same in or about the premises, and be made 


payable to the Owner, adjustment between the parties here to, 
as” their interests } may appear. ‘At the end of each month the Con- 
tractor shall deliver to the Owner a - statement showing the total value 


of work done : and materials delivered, as herein ¢ described, to that date, 


and the o owner will maintain said i insurance in accordance with the lat- — 
est statement thus delivered. 


The objection most insuremee. clauses is the difficulty of adjust- 


ing properly the interests as as they appear. Fire e Com- 
= 


panies usually hold such payments | until both parties sign an agree-_ 


‘ment. stating the proportionate ‘amounts each party is to receive. 


adjusting, in case of a disagreement, may ¢ consume considerable time, i 
and: delay the continuance of the work. Under Section XXII the = 
het of | the insurance is payable | directly to the Owner, and as he 
receives: monthly statement from the Contractor and i insures 


Contractor in accordance with s statement, it is fairly simple to. 


estimate the Contractor’s at. any time. Tf the Owner ne eglects: to 


insure himself properly, he then has no one » but himself to blame. a 


—Damages for ‘Delay.—Should the Owner claim 


for delay i in the completion, of the works, the ngineer, i in his 
opinion, any damag es be payable, will make an award on the basi 


stated in the Agreement, and write the amount across the pom 


of the final certificate as “the amount to be deducted from the face 
hereof for delay in completion of the work” 3 (subje et to Arbitr: ation). 4 


‘Thereupon the Engineer’s services in this matter shall terminate, 


“cpt as provided under Section XXXIV. 
Should the Contractor, by his own fault or negligence, unn unnecessa-— 


rily delay the completion of the work, thereby necessitating unusual or 


~~" 
- more protracted services on the part of the E ngineer or ‘the Clerk of 


7 Hess 
the. Works, or both, the Owner ‘shall be entitled to” “retain: from the 


amount: otherwise to become due the Contractor | an amount sufficient 
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to reimburse properly either the Engineer or the: O erk of the Works, 
or both, for. ‘such protracted or unusual services (subject t 


in connection amages to be 


includes the services Engineer, ete, mentior 


Tn many cases compensation for such protracted serv services aid be a 


the damage that shouk justly be demanded. 


XXIV .—Extensio Time.—If, in the opinion n of the ‘Engineer, 


the work be delayed by force majeure by by reason of any exeeption- 
ally” incleme nt weather, 0 or by reason of instructions from. the En 
gineer in consequence of proceedings taken or threatened by, or 
with or or by work or 


IV, or by the combined action of _workmen, , in no wise caused by | or 


from default or collusion | on the of the or 


neces essary instructions: from sil pies 
cifically applied in writing, the Engineer will make a and 


‘reasonable extension of time for completion in respect thereof. In 
case of such combined action of w orkmen, the Contractor shall, as soon 
as may be, give to the Engineer written notice thereof; but the Con- 


tractor shall, nevertheless, use his best endeavors to prevent delay, and 
shall do all that may reasonably be required, to ‘the | satisfaction of the. 


Engineer, to proceed with the works. _ 


~ The usual practice is to grant an | extension of time to a ‘Contractor 


equal to “the time which he may be e delayed, provided he gives notice 
of | such de ‘lay within 48 hours. The reasons for which extensions 
may be granted are usually very few, and not always of the most im- 


portance. a» The section suggested above w will probably be objected to as 


“not definitely specifying the length of the extension of time that may 


® 
L* ‘allowed. The: ‘Engineer | is empowered to make a fair and re 
N 


‘sonable extension of time for completion, and he can thus. take into 

account matters which it would be hard to cover by an arbitrary clause. 

Should ‘either party fee 1 aggrieved by the length of time of the exten- 

, it has the right of appeal to “Arbitration (S ection » XXXIV). 7 
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XXV Suspension of Work by Contractor. —It the Contractor, ex- 


cept on account of any legal restraint upon the Owner ‘preventing 
the continuance of the works, or on 2 account of any of the causes men- 
tioned i in Section XXIV, or in case of ‘any certificate being withheld 
= paid when due, shall suspend the works, or, in the opinion a 
ete Engineer, shall ‘neglect. or fail to “proceed with due diligence in _ 
the performance of his part of the contract, or if he shall more than 
e make default in the respects ‘mentioned in Section XIV, the 
lig the Engineer, shall have power to give notice in writing to 
Contractor requiring that the works be. proceeded with in a 
sonable manner and with reasonable despatch. — Such notice shall not 
be unreasonably « or or vexatiously given, an and must signify that it ree 
to be a notice under the provisions of this section, and must ‘specify — 
the act or default on the part of the Contractor upon \ which it is based. 
After such notice shall been given, the Contractor shall not be 
liberty to. remove from the site or. works, or from any ground 
thereto, any plant or materials” s belonging to him which shall 
have been thereon’ for the pur] purpose se of the Ww orks; and the Owner 
shall have 
date: ‘of such ‘notice being g giv ven been cor com 
_ plied with with. Provided always that such lien shall | not, under any « cir- 
cumstances, subsist after the expiration of thirty-on -one days the 
_ date of such notice e being given, unless the Owner shall have entered: 
and taken | possession of the works and site, as hereinafter pro- 
_ vided. a the Contractor ‘shall fail for .... . days after the time given 
such notice to proceed with the works as” therein prescribed, 
Owner shall be at liberty to provide any such labor or materials, and 
to. deduct the cost thereof from any ‘money then due or thereafter to 
become due to the Contractor under the contract. OO 
The general purport | of this section is similar to the majority of © 


similar: American clauses. Tts wording, however, is freer from uncer-— 


XX VI- —Termination of Contract by Owner.— —If the Contractor 
-_= fail for .... days after such notice has been given as provided in 
Section XXV, to proceed © with the work as therein prescribed, and if | 
the Engineer shall then certify that such refusal, neglect, or failure 
‘sufficient. ground | for action, the Owner may enter upon and 
take possession of the works and site, and of all plant and materials: 
thereon (or on any ground contiguous thereto), intended to be used for 
. the works, and all such materials as above mentioned shall thereupon 
become the property of the Owner absolutely, and the Owner shall re- 
tain and hold a lien upon all such plant until the works shall have a 


completed “under the powers hereinafter conferred him. 
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shall exercise the above power he may ngage any other person 
to complete the works, exclude the Contractor, his agents, and 


; servants, from e1 entry upon or access: to the same, except that the Con- a 


aps 
tractor or any one pers son nominated by him may have access at all 
reasonable times inspect, , Survey, and measure the works. the 
Owner shall take such steps as, in the o opinion of the E ingineer, may 
be reasonably necessary | for completing the works without undue delay 
or expense, using ‘that pr purpose the plant ‘and m materials above 
_ mentioned in so far as they are suitable t and adapted to such use. 
Upon the completion of the works, the ‘Engineer shall certify the 
amount of the expense properly incurred consequent | on and incidental 
to the default of the Contractor as. aforesaid, and in completing the 


works by other persons. Should the amount thus certified as the 


enses properly incurred be less than the ‘amount which would have 
been due to the Jontractor upon the completion of the vork by him, 
the difference will be paid to the Contractor by the Owner; should the 
"amount of the former exceed the latter, the ee shall be paid by 
the Contractor to the Owner. - The Owner will not be liable to make 
any further payment or ‘ compensation to the Contractor for or on ac- 
count of the proper | ‘use of the plant for the comple tion of the works" 
under the p provisions hereinbefore contained other than: such payments — 
as are included in the contract price. After the work s shall have been 
thus completed by other than the Contractor, under the pro 
visions hereinbefore cnehaih the Owner shall give notice to the Con- 
tractor of such completion, and may require him from time © to. time, 
- before and after completion, to remove his plant and all such materials 4 
as aforesaid as. may ‘not have been used in the e comple tion of the e works, — 
from the site. Tt If such plant and materials are not removed within a 
- reasonable time after notice shall have been ¢ given, , the Owner may r re- q 
move e and sell the same, holding the proceeds, less the cost of their re- 
moval and sale, to the credit of the Contractor. Any notice to be 
given to the Contractor under this. clause shall be given by leaving the 


; same at the | pk ace of business of the Contractor, or by a a ‘a registered letter 


to him at 1 that address. 


$s wording is more definite, 


argument or controversy. _ 


: XX vI— —Net Cost.—The words, “Net Cost,” ” or the initials, “N. C.,” 
“used in the ‘Specifications, for materis ials to be. obtained and installed 
by the Contractor, shall mean, unless otherwise stated in the Specifica- 

tions, the sum paid to merchants, after deducting all trade discounts, 
. for such materials, in the ordinary course of delivery, but not deduct- 7 

in ing discount for cash, and such sum shall be exclusive o of special cartage, 
the cost of installation, and Contractor’ profit. 
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x XVU1— —P Provisional 


righ 
‘the Specifications for materials en be supplied or for work to be per- 
4 by special contractors or mechanics, or for other works or fit- 
tir ings | to the building, shall be paid and expended at such - times, and in — 
“st ich amounts, and to and in | favor of such persons, as the Engineer 
'g shall direct, and sums thus expended shall be pay: able by the Contractor ; 
without deduction or discount, or (without prejudice to any rights of 
the Contra actor existing under contract referre d to i in Section 
XXIX) by the Owner to the ‘said Contrac ‘tors or mechanics. The 
value of works which are executed | by the Contractor in respect of 1 pro-— 
visional sums or in additional works, shall be ascertained as provided 
by Section XVIIL. - ~ At the settlement of accounts the amount paid | 
by the Contractor te the said contrac tors and 1 mechanics, and the said 
value of such works executed by ‘the Contr: actor, shall be set against all” 
provisional sums or any sum provided fort additional works, cand the 
balance, after allowing pro rata for the Contractor’s: profits. at the 
unless different rates are contained in the Contractor’ orig- 
inal ‘estimate, shall be added to or deducted from the contract su um, 
provided in estimating the amounts, paid as last herein provided 
no deductions shall be made by or on behalf of the Owner in respect of 
any damages paid by the sub- contractor. to the Contractor » the” inten-, 


tion being that the Contractor ‘and not the Owner ‘shall: hav bene- 


many cases where im ortant matters may not be de 


nitely determined before the execution of a contract. The | 


> 


7 


- almost unlimited selec- 
such a Contractor must 
de in his estimate. Or 

as as possible to what may be required ma be eci- 

fied, and afterward, the problem is to reconcile cost, of weak as 
“specified with the work as required. TI » idea of ‘having Provisional 


> 


‘Sums inserted i in a contract to cover matters not distine tly determined, ..& | 


is not new, but» the above section may suggest a wording which will | 


of the prev Provisi 
clauses 
XXIX —Sub- Contractors.— -All contractors, merchant mechanics, 7 


or others executing any work, or supplying any y materials for. which 
net cost prices or provisional sums are ine luded in the § Specifications, 
who may at any time be nominated, selected, or approved by the En- 
gineer are hereby declared to be sub- >-contractors employed by the Con- 
tractor; no sub-contractor, ‘shall be employed upon the works 


whom the ‘shall make what the E considers 
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ontractor upon _ terms and conditions consistent with those in ‘this 
Contract, and securing the due performance and maintenance of the 
7 works ; supplied « or - executed by yy such sub- -contractors, and indemnifying 
the Contractor against | any claims arising out of the > misuse by the 


nen of any 


sub- -contractor or his workmen o any scaffold erected or plant cused by 


the Contractor, or that may be made against the Contractor in conse- 
quence of : any act, omission, or default of the sub- -contractor, his serv- 


ants or agents, and against any liability, as me en under Sections ‘XIX, 


- This section. is intended to cover cases where it becomes desirable 


to have special Contractors execute work covered by Provisional Sums. . 


In many cases particular ty pes or makes of articles cannot be obtained 


‘excepting from special parties. To require rea Contractor to employ 
such parties ¢ and not be relieved from responsibility for their actions, 
is ac difficult t problem. ; This se section will prevent a Contractor, who may | 
be ur under heavy p penalty to complete his work, from being compelled to 
employ a particular Contractor for a sub- ‘branch, who may absolutely 
refuse to indemnify the Contractor if he fails to complete his work 
on contract time, or to give a warr: ant for the ——- performance 


of the work. 


‘correcting violation as given in XIV, and ake pay ments” 
shall not become due until violations are properly corrected (subject — 
to Arbitration) or the liens are removed as: her einafter provided. Noo 

certificate g given or payment made under the « contract, nor partial c or en- a 

x 


_ tire of the by Owner, ‘shall as an 


or entire occupancy of the by the Owner, shall 
_ have been | given notice of all defects or omissions reasonably somontene 
before such occupation. No certificate, final or otherwise, , shall be 
construed as relieving the Contractor fr om his obligations to make good 
any defects” discovered in his work after the cor mpletion and ‘accept- 


by the Contractor of payment of final shall 


constitute a waiver of all claims against the Owner under or arising 


— 
| 
— 
| 
— - 
X XX.—Payment and  Certificate—The Engineer shall issue his 
certificates for payments due the Contractor in accordance with the 
eee sae | terms of the Agreement, provided, however, that the Engineer may 
ae: : withhold only such proportion of any sum due as in his judgment will J 
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of the contract. 


value of works i in pec items performed to date, and such statements 
shall be made in form provided or approved by the Engineer, 


> 


The p provisions of this are of great importance in any con- 


“tract. Its: importance is s in its wording, : and not because it contains 


eit XXXI. —Liens. —If at any time there shall be evidence of 


lien or claim, for which, if established, the Owner or 
might be made liable, and which would be chargeable to the Contractor, 7 
the Owner shall have the | right to retain out of any payment t then due, 
or thereafter to become due, an amount sufficient to indemnify <@ 
against such lien or claim until the | same shall be 
or bonded; should there prove’ 
all payments are made, the Contractor shall refund to ‘ae penionge-@ 
moneys that latter may be compelled to pay in discharging 
~ lien upon said p: premises made obligatory in consequence of the C on- 
-_tractor’s default. Before the final payment shall become the 
Contractor shall deliver to the Owner a satisfactory release” of all 


liens against the premises on the part of all persons © rho have deliv- 
ered n materials for use in, or performed | Ww ork on, said premises, includ- 


ing a a release from the Contractor himself. Ware 

A XXXII —Unfixed Materials. tle hen the Contractor shall have re- 
ceived payment of any certificate in which the Engineer shall have 

_ stated that he has taken into” io account | the value of any unfixed mate- 
ended for the works, and placed by the Contractor thereon, or 

“upon ground adjacent thereto, all such ‘materials shall become the 

eee the Owner, and shall not be taken away, except. for the 
3 purpose of being used on the building, without the written oe 


ei the Engineer; and the e Contractor shall be liable for any loss of or © 
XXXII. ermination of Contract by Should 
Owner “not pay “the Contractor any sum certified by the E wun 
- within: the times respectively named in the Agreement, the Contractor 
shall give to the Owner written notice of the non- payment, a and should 
Ow not pay any ‘such sum within the period .. .. days from 
the date of delivery of such | notice at the Owner’s address, or sent to 
him there the ordinary ‘course of mail registered letter, 
the Owner shall become bankrupt or file any petition for of 
his affairs, and if his Receiver in Bs sankruptey shall repudiate this con- i 
tract, or if the Receiver shall be un: nable to show, within days, , 
satisfaction of actor, “his ability to carry out 
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a and to make all payments due or to become due thereun- 
_ der, or if the works be stopped fo for eee months, under an order of vend 
Engineer or any Court « of Law, the Contractor shall be ¢ at liberty to 


_ terminate the contract by notice in writing to the Engineer, and to 


7 ecover | from the Owner payment for all “work executed and for any 


loss he may sustain upon any plant or material supplied | or purchased 
for the purpose of the contract. In ascertaining the amount such 


the ‘Tates contained 1 in n the C Yontractor’ original estimate shall 


be followed, or, where the same may not apply, rates proportionate to 
the prices therein 1 contained, as far as the same are applicable. 


Few American contracts: contain any prov ision permitting aC on- 


tractor to terminate a contract on any condition whatsoever. In fact : 


‘most contrac ts are filled, with clauses designed to bind a C Contractor 


hand so that, no matter what may happen, he 

remain a party to the contract. The: absolute unfairness of many such 


\~ requirements. is hard to account f¢ for, exce pt that ‘they have been in- 
herited from times when work and conditions were totally ‘different 

from those existing to- day. fairness of E Ei ngineers including 


within contracts a section similar to ‘the above should be apparent 


from a careful reading ¢ of the ‘secti 
XXXIV.—Arbitration—Provided always that in 


or arise between or the En ngineer on his 


g the progress of the works 
after “the termination, shendonment, or reac h of the contract, 


to the construction of the contract or as to any ‘matter or thing : arising 
thereunder (except as to matters to the sole discretion of the 
Engineer under Sections II, VII, Xx, and the exercise by him, 
under Section XIII, of the right to have any work opened up), or as s to 
the withholding by the E ngineer of any certificate to which the Con- 4 
tractor may claim to be entitled, then either party shall forthwith 
give to the other notice o: of such dispute or difference, and such dispute 
or difference shall be and is hereby referred to the arbitration and 


final decision of three. disinterested arbitrators, one chosen by the 
‘Owner, one by | the Contractor, and the third chosen’ by these two arbi- 
trators. The decision of any vo of these arbitrators shall be final ¢ and 

binding on both parties: hereto. If the parties hereto mutually ag agree, e, 

one arbitrator may be appointed | in place of t the three named as above, 

and his decision shall be final and binding or on both parties, 

_ When the time for submitting matters to arbitration, as herein pron 

vided, has arriv ed, either the | Owner or the Contractor may appoint: 
arbitrator and the appointment of an arbitrator by the 


other party. a Should the party filing notice of appeal to einai tration as 
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= 


herein provided fail to choose an arbitrator or to : agree on a single | 
arbitrator within seven days after receiving a written from) 


the other. party, his r right to arbitration i in such matters shall lapse; 


should the other party fail to ‘choose an arbitrator or to agree on a 
single arbitrator w within seven days” after receiving a written _reques 
ad 


ivi 


so to do, then such dispute or ‘difference shall be and is ee referre 


“noti 
or of the “an of Eng ngineers, the award of suc 
arbitrator shall be final and binding on both parties, ada 
Such reference, except on the question. of certificate, shall not. 
opened up until after the completion or alleged completion of the 
works, unless with the ew ritten consent of the O wner or Engineer and 
the C ontractor. The arbitrator, or. arbitrators, shall have > power to 
open up, review, and revise any cer rtificate, opinion, decision, requisi- 
tion, or notice, save in reg zard to the said matters expressly excepted © 
above, and to determine all matters in dispute which shall be submitted 
to him or them, ‘and of which notice shall | 1ave been given as afore- — 
said, in the same manner as if no such certificate, e, opinion, decision, | 
requisition, or notice had been given. Should either party refuse, 
neglect, to supply, the arbitrator or arbitrators with any papers or in- 
formation considered necessary by him or them to arrive at a decision — 
in the matters rs referred to him or them, which | papers or information a 
have | specifically demanded writing, he « or they are 
‘authorized and empowered ~~ both parties to the contract to proceed aan 
in ex parte proceedings, _ 


the reference and award, respectively, shall be in- the discretion of 


and 
the or who may determine the amount thereof, or 
as between attorney and client, , or as be- | 
tween party and nt oil shall direct by whom and to whom and in 


what n manner the same shall be borne and paid. ae 


This section mor 


ws 


British chi Builders ‘than: alll the 0 


1e discuss on this in ‘the Journal of ‘the 


itish Architects, is e ecially. worthy of study. 


The import: sectic justifies the most careful: study 

which can be 


=. 
a 
— 

— 
im 
OF TM We OF Mis de 
ct, of a pe Meorms deat, 

a person to be appointed on the 
| 
| 
a 

— 
td 4 7 | 
¢ — 
| 
tween the — 
— 
e 


BUILDING AGREEMENTS 
“authority of ‘the Engineer or “Architect, to settle. matters of every 


kind and description, veryone who has” exercised such powers must 


realize that while » they are theoretically desirable, their proper curtail- 
ment would unravel a very difficult situation, and would emma = 
tions being considered ina equitable light for all parties, 
The usual American n arbitration clause is a delusion and a iviae 


to all pe varties. have felt that it w a guaranty y of redress for 
possible wrongs, only to be awakened when its provisions were called | 


It should be noted, of course, that the English “ J Act, 


1889,” a very practical ‘document, ‘and probably gives more legal 


curity to the enforeement of arbitration clauses than would be pos 

sible” under the laws of most of the: States, Arbitration | clauses are 

cused in many contracts, and they should he made 3 practical and 

workable as possible; then, if it is found that even under the most 


hd 
pr: actical of clauses the State laws n need | strengthening to make the term 


“arbitration” a reality. and not a myth, there would be a good founda- 
tion on which. to advocate an arbitration act similar to the English 


statute. 
The above” section leaves the Engineer as ‘the deciding party, be- 
tween both Owner and. Contr actor but ‘should either party formally 


dissent from his decision, notice can n be given of ‘an appeal to arbi- 


arbitrators of the work. This seemed 


to be the - point of greatest disagreement between the British . Architects : 


and Builder. The f former indorsed above procedure, while the 


. arbitrators at any time. 
T he ernie to permitting submissions at any time is that, under the 
broad powers which it is desirable to grant to arbitrators, it would 
cause confusion during construction, and make it possible to confuse 
hopelessly y the power of of the Engineer and t the arbitrator. After the 
; substantial completion of the work, such conflict cannot well arise. T he 
Ez ngineer being supreme during construction and after completion, the 
= arbitrator has power to review only certain of ‘the Engineer’ s decisions | 


to which written 1 exception has been taken, -as herein provided. — Of. 
-eourse, in the matters which are referred to arbitration, the decision 


final. , by its v 
such” is final. a policy, by its 
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to | listen and ‘consider the grievances, real or 


imei 


Section, is intended to dissuade both parties from taking 
unnecessary or appeals from an Engineer’ s decision. 
While. the foundation « of the arbitration section is laid o on ae lines 
walt that of the Royal Tnstitute of British Architects, it differs in m: ny 
details, and its importance justifies giving - the R. I. B. A. ecction in - 
full, , for purposes of comparison. 


ARBITRATION SECTION OF Roy: AL INSTITUTE OF ‘Britis ARCHITECTS. 


Architect under Clauses 4, 9, 16, 19, and the exercise by him 


under Clause 18 of the right to. have any work opened up), or as to 
the withholding by ‘on Architect of any certificate to which the Con-- 
“tractor may claim to be entitled, then either party, shall forthwith 


xr 


4 give to the other notice of such dispute or di difference, and such dispute 

or - difference shall be and is hereby referred to the arbitration | oa . 

final: decision or, in the event of his death 

the: event of his death or unwillingness or inability to 
son to be appointed « on the request of either party by. the eddies for 
the ‘time being of the Roy: al Institute of British Architects, and the 


award of such Arbitrator shall be: final and binding on the parties. 
‘Such reference, except on the question of certificate, shall not be 
opened until after the completion or alleged completion of the works, 
unless with the written consent of the Employer or Architect and 
the Contractor. ‘The have power to open Up, teview, 
and r 
save in regard the said and 
determine all matters in ‘dispute which shall be submitted to him, and : 
of Ww hich notice shall have been given as aforesaid, i in the same manner 
as if no such certificate, opinion, decision, requisition, or notice had 
been given. U Tpon every or any such reference the costs of and inci- 
dental to the reference and award, respectiv vely, shall be in the e discre- 
tion of the Arbitrator, who may determine tl the amount thereof, | or di- 
rect the same to be taxed as between solicitor. and client or as between — 
party and party, and shall direct by whom and to whom and in what 


manner the same shall be borne and paid. 7 This. submission shall be 
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(Papers. 


to be a to arbitration the meaning of the 
Arbitration Act, 1889.” 


4 XXXV.—Damages for Submission to Arbitration. — In 
_ to arbitration questions in dispute, or differences involving a vari — 
in the amount of the contract, both the Owner and the Contractor shall | 
have the option | of submitting their appeals in ‘separate i items or groups 
of items. In which ¢: case the arbitrators or arbitrator, in awarding a 
judgment on each item or group of ‘items, are authorized and directed 
by both parties to the contract, to award to the party whose » contention 
is ‘sustained, in addition to the actually determined as correct, 
amount equal to. of such amount. Such a additional 
shall b be » added to or deducted from the amounts in question | as the case 
may require. Should a claim be set. aside in whole, or should the 
nature of the case otherwise require it, the amount of such additional 
award shall be added to or deducted from the amount due the = 
4 tractor on the contract. a These additional sums shall be considered a 


damages for the time and trouble to such 


ation. becoming the fashion rather the | Wh While the 
prineiple of this section is considered good, the a 


‘not settled in the writer’s mind. 


ibility” to enforce it is 


The endeavo 
C ‘onditions ‘ 


personal, ap 


to” write in a generé 


Legally, such condi 


lc 
hapte «“ “General Con 


‘which te requirements | of. more 
od and ‘general 


which, for the “purpose of the particu- 


might have been made a part of ‘the Schedule of Condi- 
mi 


ng are given as of clauses which might 
“Gener eral Conditions.” it must be distinetly 


— 
— 
— | 

| 

{ r has been to make the Agreement and chedule of 

ontract as broad and general as is consistent with 
good practice. There are additional conditions which may be desirable 
i q ¢ or essential for particular buildings, but as these conditions are special ft 
plication, it is unwise to attempt 
il set of Conditions of Contract. 

binding upon a Con 
ae tr re 
placed in the Specifications. The wri 
buildings 


Papers.) BULL DING AGRE EMEN'TS” 
understood that that these clauses en only without 


comment. - . The writer does not endorse for general use, 
“except in cases, he considexs that - many of, the provisions might 
ew more harmful than beneficial. 


Checking g Documents. —The Contractor shall ‘carefully study and 
compare all drawings, specifications, and other given te to” 
him. by the Engineer, both as to figures, materi ials, and methods of con con- eer 
struction, and shall report in writing to the Engineer for rectification — J 
any | error, inconsistency, 01 omission therein, which he shall discover, 
or any modification he considers necessary or desirable for the 


4 


or economical construction of 
a 
the where ‘is being done is 28 
or if exposed to rains, “except by special permission of the Engineer 8 a 
rozen materials shall not be built upon. 
Approval. —All materials or work specified to be of 
an. “approved” ty pe, construction, or finish, shall be submitted to and 
approved by ‘the 1 E ingineer before being used or executed. Where» 
materials, quality, or finish are ‘not ‘distinetly specified, samples shall 
be submitted to and approved by the E ngineer before using same. An 
approval by the Engineer shall be understood to mean that it is condi- < 
tional upon the work being in conformity with the contract require-— 
ments. No approval of deviation from contract requirements shall be 
shall be specifically mentioned in the Engineer’s 
ee Section TV, Schedule of Conditions | of Contract. 


Mate rials: and Work rmansh:ip materials shall be new, and 


ax 


materials and workmanship shall be the best of the respective kinds 
contemplated by the contract, unless otherwise specified. 


Contem; plated Work.— work to be exécuted under the contract 
1 


consists in general of a ..., constructed and com- 


ple tely finished in every” particular res for or furnishing, within the 
limits shown on the Drawings and described in the Specifications, 


except. (a) levators, (bd) lighting fixtures, (c) electrical, 


work, (e) or work specifically excepted or made subject: for separate 


Contract Documents. — (See Agre ement, ‘Article 
4 
_ Definitions.—The following definitions of works, terms, ete. » shall ee 


Sis understood to govern their use throughout the e Contract: nied 
Approved —The- word “approved,” as applied to any material, 


manner or mode of construction, shall be construed as” though — 


followed by the words “by the Engineer. 


Best. —The term “best,” or | “best quality,” shall be taken to 
I mean that there is no better quality or finish of ma terial of the - 
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ade specified or reasonably “implied, obtainable on market 
"supplying the vicinity, or that there is no better ¢lass of work 


Net Cost.— (See ( ‘onditions of ction XXVIT. 

Provide, Et c.—For the sake of brevity, ‘and to avoid 
repetition, the imperative mood has been largely used throughout 
the specification. i herev er it is used it shall be ‘understood to. 
mean, “The ooapaaal shall furnish all m: aterial and perform all 


labor necessary to and these words: shall” 


be read into the sentence. 


__Provisional “Amount. —(See Conditions of Contract » Section 


- Drawings.—The Contractor shall furnish to ‘the Engineer at proper 
times all shop and setting | drawings or diagrams which the Engineer 
. shall ¢ deem necessary to carry out the work. Each drawing or dia-— 
gram shall give all the information “required by the nature of work 
which h it is intended to govern. | hese drawings or diagrams shall con- 
form strictly to the Engineer’ 8 drawi ings and specifications, and where 
from the ‘drawit ings “a specifications shall ade unless 
by special written order. 1 he Engineer will inspect such drawing 
but his p purpose being to aid the Contractor ‘and expedite the work, he _ 
shall not be held responsible for the Contractor's errors, the result of 7 
which, should they « occur, must be made good at the Contractor’s ex- 
pense, The Contractor shall make required changes in such drawings 
or diagrams an and supply the Engineer with one correct copy. y 
models or templates submitted shall be changed as reasonably required 


Fi res, Smoking, Ete. —The Contractor shall not permit open fires 

whe. lighted at any y time or dangerously the building, and, 
after the roof is on, shall prohibit smoking within the building. ei 
Construction—T he Contractor “shall notify the ‘Engineer 


if at der d time he finds that any work: or material that 


such. work or r materials, ond 
‘all prey existing shall be responsible for any defects” 
in his own work consequent thereon, or any change to his — made 
necessary by the future 
Contractors, and shall not be of he: of a any 
because of any such condition or imperfection. 
—The Contractor notify the: Engineer i in 


a 
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es —_— unsafe or likely to become so, or unsuited to produce the intended i. ; | 


results, and shall thereafter proceed v with such work only on the 


Lines and Levels- shall establish all lines and levels 
nee cessary to the proper eating, laying out, and erecting of the work, i 
in accordance with the Owner’s survey and Engineer’s drawings, and 
7 ‘shall be responsi ible for | their accuracy and maintenance. (See ae 


of Conditions of Contract, Section V.) 


_ been me before ‘the first tier 


te te Owner’ Ss survey ar 
column bases, ete., are correct according to the 
D 
Measuring W ork ine I lace-—The Contractor shall measure work 
: “already i in place to insure the proper execution of subsequent work, or : 
to assist the Engineer in making” his drawings, and should any dis- - 
‘crepancy between the executed work and the drawi ngs be discovered, 
he shall report at once such | discrepancy to the Engineer. _ 
Contractor shall bring to the attention 
any conditions | pertaining to the site, the soil, the 
various portions of the work, | whether executed by himself or by in og 
‘Contractors, or to proposed work, or to laws and ordinan ces go governing» 
the work that should be known by the Engineer, = a) 
Overloading Structure——The Contractor shall not permit. any part 
of the structure to be oe — construction with a Ww eight greater a 


it is calculated to 


the of the at building in the 
shops, whenever so required, and in the mé lanner diree ted. 


Signs. Contractor shall not permit signs on the ) building 46 
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To! some extent, this | paper i is a continuation * the informal dis- 
cussion on “Irrigation” which took place at the Annual Convention 


of the e Society, held i in Denver, Colo., i in June, 1908.* ok ae 
- ar In 7 that. discussion some reference was made to the introduction of 
_ more permanent structures in irrigation | es ‘that, for such, concrete 
was being “extensively ; ‘and that, in some smaller structures, 
- failures had | occurred, in the form of crumbling or disintegration, due, 
bd presumably, to + the action of the alkali frequently present both in ‘the 
a and in the water, and resulting from chemical reactions | between 
the sulphates in in . these waters and the cement, which 3 reactions may not 
oe be fully understood and are under investig gation. . Since that time 
subject has received then attention f from the: Profes- 


and the i 
comments in the technical and trade journal, 


am Several instances of such failures - were e referred to » by : members who 


part in that discussion, and it is largely the pur purpose of this y paper 
to” consider | these and other instances somewhat, “more fully, to elicit 


further discussion and consideration, and, if possible, to arrive at — 


“Norte. —These papers are is ssued before the date. set and 


<a _ Correspondence is invited from those who cannot be present at the meeting, and may 4 
be sent by mail to the Secretary. Discussion, either cral or written, will be pub- | 

ished in a subsequent number of Proceedings, and, when finally closed, the papers, — 
with in full, will be in Transac ‘tions. 
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definite conclusions in the disintegrating action | of alkali 


in the soil and in the ‘water, and w the ‘methods of counteracting it. it. 

should be stated, the very “outset, that: the subject is 


— 


_ approached with alarm, but rather with : an n inquiring mind. 


Irrigation development. has passed the stage “in which temporary 
- structures are considered ; and the Engineer i is looking for or permanence, — 


rom the economic standpoint reduction in “cost of 1 ‘maintenance, 


operation, and renewals. — He is almost ready to consider fav orably th the 7 
use of concrete, in all forms and for nearly all ‘structures. — Under © 
- observation, certain defects, arising from ‘natural conditions which are 


almost always present in the regions of operation, have become ap- 


’ parent ; and these cause a temporary hesitation and further considera- 
of plans methods. attitude is by no means that of 

abandonment, but rather of painstaking inv estigation of all the  condi- 
tions, » with the desire 2 to ) ascertain the ¢ cause, and, from that, to intro- 


corainly it is 


instances of failure, or to ignore constructional ‘methods in 


these, but rather to investigate methodically all phases ‘of the failed 


structures. Such investigation is now being nade by ‘the chemical 

branch of ‘the Reclamation Service, as well as others, and until 

- official reports are published, such discussions as the present may be 

considered premature. Iny view, , howey rer, of the great amount of work 

under way and in contemplation, in regions known to be affected, and 


the serious importance these ‘matters, ‘not only to irrigation engi- 


neers, but to o all members of the P rofession engaged i in structural ome 


using conerete in contact with alkali. Gin, soil or in w: water), it is not out 


of place to add the available knowledge and information to the more. 


is well known, of that: etka is present in greater or less 
amount. in the soil of the arid re regions. ons. In the disintegration of the 


rocks, the minerals. have e been broken down into. 0 mineral salts 


have remained i in the soil as soluble salts, ‘The rainfall and the 


drainage of the tegion are insufficient to salts out the 


soil through the subsoils and ¢ ev ventually. into the streams and 1 tiv ‘aii as” 


the case in the more humid regions, ve 
The accumulation explains the wonderful fertility. 
arid regions, and at the same time accounts for the men 
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THE CT OF ALKALI ON CONCRETE 

agricultura nte e wi ree age, igati 
in t ests. Tn sa san y souls Ss, with 1 free drainage, ir igati t10n 


assists in the remova al of E these salts; in th the closer soils, wath 0 as shale, 


less drainage, it ‘may and does inerease the aceum accumulation to a 
All are familiar with the results agricultural 
operations. -Efflorescence in large amounts i is. a sure: indication of 
alkali, and then it is in its least" harmful form. What is known 
“black alkali” is much “more injurious to plant: life. The latter form 


represents the alk aline carbonates, | which dissoive the organic 


"materials of ‘the soil, and kill or roots of ‘the 


"sodium sulphate, sodium chloride, magnesium sulphate, and magnesium 


chloride), are not in themselves es poisonous to plants, 1 nor do ‘they, attack 


the substance of the plant roots ; but they are injurious when i ‘im exces- a 


sive: amounts, as they prevent the plants from taking up their 1 needed 


and water supply 


it has" been | tolerably well determined just what amount of soluble 


a salts is limiting for plant | growth, v varying with the character of the 


' ability, and some will thrive 0 on soils on which others would languish. 
__ Such, very briefly, is the general action of “alkali” on agricultural 
_ The salts are ly the sulphates of lime, magnesia, soda, 


salts, of ‘the soils, and of the lant itself; for crops differ ‘their 


are common die: arid regions, the effect of these and 


their salts on concrete structures will be set out by brief reference to a 


few known cases where this action has taken place. 
A good many, ‘if not all, of the projects of the Reclamation Service 
are locatec in alkali 1 regions, and, thus far, the attention of the engi- 
“neers has been directed to the ‘failure of cone rete structures. on only 
two of these projects—one in Montana and one in W /yoming. io 
These failures may indie ate some special peculiarity of the local 
‘soil, may be somewhat similar to the ‘well- known fact that the: 


action of s yater | has destructive to concrete in 


and not in 
The Service continuing. 


and the — not yet poled, Mr. 
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‘THE EFFECT OF ALKALI oN CONCRETE 
the cement expert of the Service, in a paper before the on 
Soe iety for Testing Materials, set forth some of the conditions, as will 


be shown by the following extracts* 


“On the Sun Riv rer project * te been seen in 


the disintegration | cof a number of small structures, such as pipe cul %, 
q verts, which are partially submerged in the small streams carrying the 2 
drainage of the surrounding country. 7a The effect « of this water in 
; causing the disintegration c of the concrete i is noticed, both in the soft- a 
we 
ening of the material where | constantly submerged for a period of thre 


four ir months, and more particularly in the breaking up of t the 


— 


_ structure at the line where the water rises and falls, or, in other ron, 

where there is a submersion | followed b by a drying out, followed | by an- a 


other submersion, ete. | This process brings about a a ‘tenn te up of the 
‘structure, ' similar i in appearance to that of the effect of freezing, only © = 


‘much more severe. It is. described by the engineer in charge of this 


Per? 


On examination of some of the concrete culverts which have been 
in place in alkali water for three or four months, the part under water _ 


. Have examined pieces 


of these ete taken from below water level found, by micro- 


psi air and become a fine powder. ‘This process of ¢ erystalliza- 
has an ‘enormous “expat sive the s same as and this 


Tike 80 much sand mud 


* 


iter. 
Basic 1 magnesium carbonate. (Melt, 


‘ee Py 
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1356 THE EFFECT 
- “From this’ analysis it will be seen that the principal mineral in- 


of this water is | magnesium sulphate, and this leads to the 
conclusion that the effect of this: water in causing di sintegration of 


concrete is similar in its action to that of a See in which » mag- 


‘nesium ‘sulphate i is stated to be the principal substance acting to bring — 
about the of concrete with which it comes in contact.’ 
Headden, , of th Colorado” State Agricultural College, 
times issued bulletins in reference to alkali in 


os and i in the wi iter, and has recently added to his publications Bulle- 


tin 132 on “The Destruction of Concrete by Alkali,” in the course of 
whic h he gives an account of his investigation of cement tiling whie . 
hi ad rapidly deteriovated. From that bulletin the following is quoted 
in order to convey clearly the conditions. 


—  &The following « case of deterioration may | be of some interest as it 


- presents § some new points. % There were sent to me some months | ago a 


cesucegpadlien of fragme onl of tiling which had been laid but from e eight to 
nine months. had been disinteg rated to such an. extent that 


“one of the samples. was simply a white putty like mass_ mixed 


sand. | There was nothing about this sample remotely suggestive of 
cementite. Another of the s samples consisted of a fragment of the » tile, 


the interior portions which had _ be een “wholly decomposed, while 
-_ there still remained an outer and inner portion in good ‘condition, or 


4 comparatively so. Another sample had been attacked in the inner side 
leaving the mass of the tile outside of. the zone of decomposition ap- 
I p 

varently sound. The line of decomposition was sharply limited and 


wa 
- showed distinctly, but even in this ¢ ase there remained a thin layer of 


xt, as ‘the fr: 1gments seem to be parts of. 16 or 18-inch tile. 
_ The importance of this point is simply this, that it would answer any 


question i in regard to the separation of solid ‘alk. ali’ salts on | that por- 


oe 


“tion of the tile above water line. That such a a separation of these 
salts should take place does not seem very probable it in this case. 
“The | point of attack, so far as the s samples. at my disposal indicate, 
is ss eilees in the center of the cement mass or near the inner surface. | 
In either case we are almost compelled to assume the action of the 


wate, T, 4. of the salts held i in the san me time see ‘the 


was 5: ‘J see adividual masses of cement 
in the interior mass of the tile must be small and readily attacked by 
solutions of salts | ‘capable. of reacting with the ceme 
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ie The salts present are the s same, but their rels ativ e quantities vary. The 


THE EFFECT OF ALKALI ON ¢ 1397 
“4 “Tt seems sauteed evident that the agents causing this disintegration 
gain access to the interior portion of the mass of 
tile = the form of solution, but it is a question \ whether | this 
solution is the same in stren ength and character as the water in the 
drain. think that I have clearly shown 1 in Bulletin 66 65 of the Colo- 
Experiment Station, page 34, that the water soluble portion n of the 
soil is different from the salts held in solution in the ground water. © 
Further, in Bul letin 72, page 28 elt seq that the ground waters are | 
from the drain. waters, and the of these Ww aters | on the 


5 tile would vat vary - somewhat acc according to the source of the solution which _ 


The drain waters obtained, say at a a depth of four feet, cor itain 
as a rule a smaller. amount: of salts in solution than the ground water. 


y usual salts present in the ground waters are, sodic sulfate, calcie sul- - 


fate, magnesic sulfate, sodic carbonate, ‘and sodic chlorid, i in some in- | 
stances ; magnesic chlorid.— In the drain w aters we the same 
salts, but their relative. quantities 
ure being the relatively large amount of sodic. pa onate. 

“The substances claimed to be the most active in effecting the dis- - 
integration of cement are the sulfates. In the case of sea water the ae 
explanation of offered i is that the lime of the cement decomposes the mag-_ 

nesic salts present - in the water, whereby the lime goes into solution anc d 
the me lagnesia is deposited : in its stead, causing a bulging and disinte-— 
gration of the work owing to its greater bulk. The principal | mag- 
nesian salt i in sea water is the chlorid, the deleterious action of boa 


on cement is not established, but. it has. been shown that. magnesic 


sulfate acts energeti cally. The most active agent in decomposing con- 


crete is the sulfuric acid | of the sulfates carried in solution. Again, 


solutions of gypsum have been | shown to act detrimentally concrete 


by forming with the tri-calcic aluminate a sulfo-aluminate. — rate 


a “The water acting | on these tiles, | , whether it be ground water or 
drain water , is v very bad. One of the two small samples sent to me 
contained 1 252. 6 grains per imperial g gallon, of which 493.5 5 grains s were ‘ 
sulfuric acid (so, ) with an extremely large proportion of magnesia. 
other 542.3 grains per imperial gallon, with 42.31 | grains 


of Magnesic wn or 1. 8 | ver cent. of the total solids. I have ve examined 
formly heavily sulfates of “soda, com- 
paratively large quantities of magnesia, “especially if the water comes 
_ from near the surface, as it necessarily must in the case of drain — ee 
“waters. In addition to the above constituents, ‘there is uniform! 


some carbonate present, which for the present purpose we may con-— 


“We — then an ample supply of these substances present which 
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‘THE EF PE K cr OF AL KA ALL ON CONCRE TE = 
| is so 
Beds of is magnesic sulfate, and in. ‘addition there is so 


godie carbonate present that its action cannot be neglected. 


assuming: the cement used in the tiling 
an 2% of ¢ 


msiders 


eiehamenand product ited the presen ta large 


water, also of considere ble eg ic 


Thea decomposed mass was washed with distille d and we 


-earboni 


wasl 
that ‘it had taken ns sulphurie acid, me, a ind soda into 


ad taken sulphuric “inte 


ocky Ford, which, 


itially a ‘return w vater given, and 


same, as are 
- 


in amounts of ‘matter, or bed so 


ion, as shown by the two samples S of drain water  eeompanying 


ti ing—one having 1 252.6 grains, the other 542.3 grains, os 


The action on the | tiling seems to be similar in Colorado 


“Montana. comparison of the of. construction not be 


Int the Montana case, Mr. Jewett says: 


7 


«Of course, in this ease, as in any other case of concrete failure, : 


the question of poor workmanship | is one of the ‘first to be considered 
and it should t be noted that the work in question carried on by 


— foree account under r direct s superv ision of employees of the Service and 
om 
on. After taking a all the into account t to be 
other conclusion. but that the action of the alkali water was directly. 


rofes has not much information on the the 


iting examined by The sand was quite fine, e, the proportion 


i small and readily attac by of salts capable of reacting 


(with the cement, 
Both Mr. Tewett and Prof essor He m find the decomposing 
ae tion, in the cases of ‘ene bates to te similar to that of s sea. water, 


— 


| 4 
sl 
— 
analysis of the Arkansa 
Professor Headden remarks, er acting on 
a. = : a ion is made that the com rs in that 
di 
— 
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fessor THeadden as already quoted, Ke 


‘shown that ma ‘magnesic acts ‘energetically 


; meantime, the is summary of Professor He: 


- The analysis may y he interpreted as as is indicating that the cement had 


deen deprived of silicic acid and of a relativ ely large amount of lime. 


The : amounts of the ferric and aluminic oxides have been reduced to 


“about imho as much in the decomposed | cement as in the original. 


The sodie mor the | and magnesic sulphates 
po ground-water, will at the same otis ime act on the a6 


which are presen 
mil 


“trie calcic alur the which crystallizes 
with 60 mole cules of water and is soluble. The ine ase 0 ne 
q acid (more 20%), and also of carbonic ¢ t 
. in r composition product is noted, as compare 
about 1% each in the original product, while magnesic su 
ilso contributed to the result, being more t 1an four times 
the than i and there 


he action seems to have been one of chemi 

ral change, conver ting the lime of the cement into a sulfate and car- 


= accompanied by the removal of silicic acid, | alumina, and lime, © 


and totally destroying the cohesiveness of the concrete.” 


Thee case of the sewers at Great Mont., has to 


tion yet ‘considered. he City Engineer, Ww. ‘in 


gel 
impressed by the that he ‘requested the orities at t 
= Monta na State Agricultural College to i investigate and r port on i 


preliminary ‘conclusions of M M E. T.T Engin 
and Mr. Edmund Burke, Chemist, are -embodie 


of the Montana Station, from whic ch 


g rive a very clear exposition of the conditions: oC 


“The Third § Street 1 main sewer was constructed in the ye ear 1890, 
the material used being, Portland cement pipe of home manufacture, 
> 
in al after the _ hardened. ned. 
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EFFECT OF ALI KAL NORETE 
Thi 

after 


e and ae of fresh lime mortar. ihe 


“The Sixth § street main was constructed in the ‘oie 1892, the 


materi: al. being the best grade of common brick of home manufacture. 
Sewe ri is cireular in form, four feet inside diameter, two rings of brick 


~ laid on edge in imported Portland cement mortar, outside plaster coat 


one-half thick, not plastered inside; ali cement mortar one 

part cement and three parts sand. The 1 masonry in the invert in this 


sewer is disintegrating throughout i its entire being 


‘onfined almost entirely to the invert and lower sections of the man- 
oh the arch is in apparent good condition, 
4 There is no sub- -drain under, nor on the sides of the sewer. As. 


stated before “the disintegration in Third Street main, 
_ceme nt pipe was used, ‘commenced soon after its construction, whereas 
the Sixth Street main gave no evidences of defect for about seven n years: ‘7 


- after its construction, and it is only during the past ers that 


‘portions of pipe are gone, cement in has the 


ae sin of the cement did not come from adulteration, ‘nor from the 
quality the materials used; that: though a chemical 
ros seal action alk li salts Ly ial e of the 


e 
were | Sit for sewer construc i that the 
action on the cement was chemical, that ‘the destructive agent came 
from the outside of. the sewer , and that the disintegration of the cement — 


cannot be to of the sewage or gases from the san 


ena sewers showed the p 
tio 


e than other sec 


— 
—_ 


it, were various depres: ero won in which wats r co 
o th il, ther affording 
ing out of the é 


le tion aye filling ‘adjoini ning fhe 


g 
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The soil samples ee 


n immediately at the 


= Sewer is oval in sha t 
character as necessitate rebuilding portions of the same. The re- 
a 
| 
— 
— 
— 
— 
the highest percentages of alkali 4 
4 of the cylinder of the sewer. 
Soil alyzed in order to ascertain the amount oi 
alkali salts, whether these were being leached out and lodged against 


the s sewer, — the : amount at various ; depths, but there i is no chemical — 5% 


investigation of the action on the cement and its alteration, which. is 


will form the subject of a later b vulletim, 


The analyses ses embodied in n the report, hov. ever, show that the maxi- 


mum disintegration of “the sewer occurred where the greatest pe 
-waters were 


centage e of alkali showed n the ‘soil, ‘and that. the ground- ers we 


leaching the alkali from soils and depositing the s salts. along the 
a Messrs. a ann: att and Burke ‘consider that the use of ce ment for 


sewers and other structures in ‘alkali. soil is inadvisable in cases where 4 


inthe: 


of trench, ean gra 
around the the s to provide 


‘the 


tions, with different 


L vas. constructed under the writer's su rervision in 

The outle sa tunnel al about ‘mile e long, ‘nearly. al ‘is 

i 1 stratified shale. The rock was of character that it 1 


c c c 
have » decomposed under the action of ‘passing waters at a high velocity, 


d. The i interior diameter of the tube 


and therefore the as ‘lined. 
j 
s of ill burned | brick, and 


The. inve rt was s built of two ring 


the e arch of concrete. 
large volumes, of water were developed, ultimately 
yout t2 eu. ft. per sec. The water, undoubtedly, was im- 


‘ofa 


i, but the writer did not obtain adenine 


from the fact that it w return water’ a large 


tion | of ‘irrigated country lying west of the reservoir—there were con- _ 


stant phys sical ‘evidences that i it contained salts, if one might judge tenuis 


a tion the human system caused by drinking it “moderate 
¥ 
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ee Through the whole length « of ‘the tunnel a sub- _— was channeled 


out in the rock bottom, and wooden boxes were © placed 1 to omnes these 


“waters. *Side- drains also placed at frequent intervals. throughout 


‘the whole length, and mostly where ‘the volume was largest, always 


connected with the under- ains: These were carried up as. high as. 


the: drainage showed, usually to the s} » spring ig of the varch, In sh short, ever every 

precaution was taken to p prev vent the water from « coming in contact with 
the concrete, certainly until it had ‘set thoroughly, for the 


‘purpose ‘of seeurin ig good results and without thought o f any ‘ultimate 


The done practically by fo -accoun at. The materials 


upplied, the labor was done unde and ‘the work was 


al 

charge a concrete worke er an al 


rir 


is 

years since then it ity was to be with- 


out any “apparent defect. The informed the writer, 
"recently, that t he had 1 not been i in. the tunnel for 2 years, but, had ‘then: 


ay found it: in perfect ¢ condition , and was of the opinion | that it still is is 80. _ 


Arkansas | V Valley, or the. Bob Creek Reservoir, constructed and owned 


‘One other structure may be mentioned, a reservoir - spillway in the 


by Mr. Mr. W. The writer’s attention was attracted to it 


September, 1909, Pere passing n near r it, on other business. He first 


warks had been built than 
2 years before that time. The writer had no means of | knowing th 
used in but this head-gate seemed to have 

fairly we oe built, « and its upper portion was in fair condition. The 

had evidently been about 6 in. ‘in thickness, but it was entirely 


spillway to 


of ogee overfall, 


— 
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1 had the same hod been 


Papers.) THE EFFECT OF ALK! 


could easily be remov ved and pulverized in in 
About a month later water “passed over. 


the lower the fall to the heig ght t already he 


e spillway and washed © 


concrete had been placed on a foundation of shale, which 


"4 

ali water oozed. No provision had hoon made the avd drainage 


of this water, oui in anes is inevitable, that the destruction of 


the concrete was the result | of the chemical action of th the alkali in the ar 


water draining from the shale, 


rom ‘these various instances, it would seem that somewhat new. 


problems are presented to the constructing engineer, or, if they are aul 

q “new, they are old pean under new conditions, and engineers | have 


It is very likel rue 


‘selves differ in various | localities. “Means of overcoming the sea-water co 
action are fairly well though competent an authority as” 


‘No cement | or other hydraulic product. has. found which 


presents absolute security against the decomposing action of sea water. a - 


Michaelis, on the other long made certain: -recommenda-- 


tions whi ch m y be summarized briefl here: From pajr 
y 


of view, a ¢ der surrounded with | an impermeable layer 


posed of 1 part of cement, and 2 or 24 parts of sand of mixed grains, © 


of which at au one- -third must be very fine, and the ‘ede mass made, — 


if possible, in 


in an as poor as poesible in alumina 


oxide, ar use of subst stances the mortar, at 
xternal la ‘dens 


~ 


fi 


solution of the problem, 


care of the chemists and the cement manufacturers. - 7 The problem 

1ew—or as old under it i 


engineer; and, onenedinng the e gene eral eral proposition that t be ston lies a 


construction, which | the eng engineer an 
it seem, the + of a which, 


wer portion, for a height of about 4 

d 
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“(THE EFFECT OF “ALK AL 7 ON [ Papers. 


shall all also 1 resist chemical reactions b between 
“the soil and water and the cement. 


What is good construction under these conditions? 
a Tt see seems. to the writer that the engineer, under these conditions, 


first | has te extend materially the field of his inv vestigations before : out- 
lining plans. : The ‘character of the soil, and a the water passing over 
the soil and to be transported over the structure, must be thoroughly 
analyzed. Then, , to ‘the physical problem, similar analytic considera- 
tion must be taken of the as concrete agereg sates—the 
@ 


sand, the gravel, and the w ater. 


= this sand, which w was the only supply readily available, contained alkali 
or some substance making it chemically active and assisting in the dis- 

integration of the concrete. A chemical analysis this sand was there- 


4 fore obtained and resulted as follows: 


ss lis sand gives excellent results” from physical tests but since, as 
will be ‘seen from the above analysis, the alkali content is about 3 per 
cent. . which | would correspond to about 15 to 20 per ¢ cent. of feldspathic 


material and that it also contains a considerable percentage of lime- 
stone, i it is Possible” that this sand would ssa 


sand of a more highly silicious nature.’ 
3 It is extremely likely that similar iil will be found i in most 

of the sands and grav els available | in n the arid regions where alkali i is” 

know: n to exist. 


13864 
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On that reature, the following is quoted from Mr. Jewett’s paper: 
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THE EF ‘FECT OF ALKALI ON CONCRETE «* 


andl Chere i is no occasion for elaboration on the care required in the selec- 


tion of water in mixing. concrete. Iti is quite well known that 
“the ground- and drain- waters in of districts are largely 
7 impregnated with alkali ; that is discernible without chemical analysis, 
and is particularly true in the lower reaches of irrigated valleys, whose - 
most of the waters are dr ain- waters, consisting of the concentrated — 
essence of alkali from the irrigation and drainage of the upper valleys. fs 
_ Prior to the introduction of the gravity system at Greeley, for instance, > 
- the domestic supply from underground galleri es s contained as much as a 
4 800 part parts of hardness, and, it may be added, ‘the water used i in mixing © 
concrete at the Loveland to, was obtained, not from) 


the drainage of the tunnel, but from the town n supply withdrawn from 


Tf the action of the alk ali in water surrounding a concrete 
mass can have the destructive effect shown n in the va various instances 


quoted, it ‘it is certain that the incorporation of such water in the aggre- 
cannot be other than injurious. 


Be Beyond extra care in the “materials, and. the production of a a 


= ' mass, there is no room to doubt the advisability of effective drainage 
around the structure. ed 
Professor Headden, i in ‘Bulletin speaking ot the alkali 


in the Poudre Valley, said: 


Tg am convinced that the. only question of ‘alkali that we have 


rm esolve es itself into on one 0 of « drainage, and beyond this, there i is no al alkali 


Ww 


we ould, be too to hope that the drainage around structures 


would as effectively solve the difficulty. of alkali i in contact t with conerete. 
but ‘it will aid i in resisting the ac action of thes agencies at at operation, 


is not possible, however, ‘in all cases to provide such drainage as 


would ke eff effective e, and 1 beyond a all ‘that— 


veyond the external | application 


and the possible incorporation of an impervious coating in the ‘mass 


‘itself—it seems to the writer ‘that there must be 2 added to it. - in it 


‘in some form, which will counteract the “effect of these 
well recognized elements which ‘h bring desttuction: 
and that must | be left to the chemist, on whose province the writer has 


‘probably ‘eneroached too far, with only a speaking 


= 
ae uaintance with that science. ~ 


= = 
— 
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a 
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a It has been the writer’s purpose to bring the subject t to ‘the attention 
of the members, with, , perhaps, ‘the selfish motive e of eliciting ——— 


nd 


an 


subjects than can secure the attention of Wester 


at this time. The w titer is aw vare that there are others who are 

far more competent to treat this : subject learnedly and practically, and 


be conte nt if his efforts have been sufficient to draw from them ‘the 


kn y possess. 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


This Society i is : not acess as a body, for the facts and opinions ‘advanced 


in any of its publications. 
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CK CANAL 


Messrs. C. Grun Wr 


). GRunsky, M. Am. Soc. c. —In an on type of the Mr. Grunsky. 


‘hee Canal, prepared by the speaker in January, 1909, attention 
was called to the water requirements of the Canal, as estimate: i by the 
- Board of Consulting Engineers: of 1905, on the basis of figures fur- | 
‘nished by General Henry L. Abbot, of the Corps of Engineers, U. 8. 
Army (Retired). At that time it was that these figures required 
_ revision because, : after the estimates had been made, the actual area 
3 Gatun Lake was found to be 164 sq. miles instead of 110, as as- | 
sumed, and because, in the meantime, it bees been ee to aoa 


the Canal problem has not come to 


Mrs -Sorzano’s paper is timely bee eause, although it is now too late. 
= a material change of canal plan, it would be unfortunate if proper 
measures were not taken to bring the lock canal to the highest stat 


of the Board of Consulting Engineer s—eight to five—was set aside, and _ 

-™ lock canal was adopted. ‘Locks are not added to canals to improv _ 
them. They are, however. er, oftentimes necessary in order’ to adapt 


ca canal to the physical peculiarities of the available canal route. 


 * This discussion (of the paper by Julio F. Sorzano, M. Am. Soc. C. E., printed in 
Proceedings for October. 1999, and presented at the meeting of November 17th; 1909), is 
Bove foe in Proceedings in order that the views expressed may be a before all mem-— 
Science Monthly, May 1909. 
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ee: : WATER SUPPLY FOR PANAMA CANAL 


dial. ‘there i is a wainiias between an adequate canal without locks and one with > 
——— Joeks, the question to be answered is whether the better canal is worth © 
additional cost in time and money. . In the case of | the 
Canal this question has never been answered conclusively. = The Board 
Engineers of 1905, Ww with the d data then available, told President 
ihe Roosev elt that | the additional cost of a sea- -level canal was justified. The 
pe Canal ‘Commissioners, who, in the light. of more complete data, might 
_— taken up the question a again as late as 1908, seem to have been 


content to place before Congress ; and the American people ev vied that > 


Py 


«x 


that the better canal ‘not have 
= additional cost. Moreover, in n the light of the favorable progress 


reports relating to ‘the excav ation of the canal prism, it is reasonable 
to believe that tl the excess cost as great propor- 
tionately | as was originally assumed. 

39 WwW hen the American ‘engineer is asked why the U nited States did 
not build a first- class” canal, he will be at a loss for a a satisfactory 
answer. is it likely that conclusive evidence on this point will 
ever be furnished by anyone. - The time has passed | when it was essential 

_ to study the larger problem, and, in | any discussion, under comparison 
with | the results, the sea-level canal, with difficulties of 
conjectural ‘magnitude, would be likely to fare badly. 
seen seems to be taken for granted that a dam at Alhajuela would. safe-— 

guard | the water supply. The speaker has be been at the Alhajuela dam 
site, an and was impressed by the lack of adequate information relating t to 
the geological formations at that point. Exhaustive studies “may have 
been made since that time. Ata any rate, this word of caution against 
accepting the  Athajuela site as the best, without full investigation, will 
not be amiss. - At Gamboa, where it would have seemed natural and 


to construct dam, with from Culebra Cut, 


ora 


pe lowest pate of which is about at sea level. This was 
demonetrated by borings i in 1904. may still be ‘possible 
to construct a dam at this point. The he | Gamboa Reservoi oir, with aw ater 
face of more than 30 sq. miles, ‘would be a most excellent regulator 
of the flow of the River. If this dam had been constructed 
at onee (1905-1907), would have solved "numerous water- -supply 
_ problems, : and would have furnished power for many uses along the line 
of the Canal. Per rhaps a dam can be constructed a at this ‘point after 
the: lock canal is in service, but this / does not seem likely, because the 
dam site will be submerged by the waters of Gatun Lake to a a depth of 


about 40 ft. t. If the work already done has not made this dam im- 7 


ee ee with spoil from Culebra Cut being a assumed— 
at once should receive more than 

authorities. 7 If, u upon a revision o! 
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sean: it be found that a shortage of water is to be feared, mr. *. Grunsk 
a Perse should at once » be reached with regard to the location: of the | te. 
additional storage reservoir. This decision should not be postponed 


until what, at present, seems to be the | best 


of 1904- 1905, the had to have ean of studying 
and passing upon all the larger en engineering problems: which the con- 
struc tion. of the Canal i inv rolves, but this hope was not realized, and since 
his brief . connection. with the work, time and opportunity for a compre- 
_ hensive study of these problems could not be found. J Lacking complete — 
information , yet. being frequently credited with its possession, it is 


e demon- 
table in part only. The quantity | of water for the 
at the water required for | power, the rainfall, and > 
the evaporation | from the water ‘surface of the 1 lake | ean be estimated 
with some degree « of pr precision . from known facts; but the loss of wate 
_ from wet 1 marginal lands a and the loss by infiltration from a lake of 
large extent are matters of conjecture, i in which there is wide latitude 
for yersonal opinion _ W ‘ould it not be better, there fore to e 
the available ‘supply—th 1e known flow of the streams, the water av: 
able from storage, and the rain on the lake’ s _surface—and to deduct 
fro om this the losses” by evapor: ation from lake, leak age at the 


structures, and a definite allowance for power, and see remains? 
The remainder will be, the water available for lockages for the 
indeterminate losses by marginal evaporation, by seepage, or otherwise. - 
These losses may turn out to be small. J ?erhaps: it will | be safe ‘< 7 
“4 assume no loss by ev aporation from ‘marginal wet areas, ‘because this | 
loss is offset by the gain resulting to the flow of the streams by the 
elimination of the ‘swamps_ and wet areas at present within the la 
contour above Gatun, for which the author has” made no allowance. 
a he loss of water by infiltration and all other r indeterminate | losses 
the n be introduced into the calculation as perso may 
, as determined by the water. the 
extreme | assumption that “such indete rminate loss is too to 
considered, cannot exceeded except by drawing 1 more water ton 
storage. A draft of more than 5 ‘ft. . on Gatun Lake, as pointed out by ie! 
Sorzano, 0, would reduce the ‘effective depth. of the Canal, 
_ storage be provided elsewhere than i ir Lake. 


Using for illustration such data: verified— 


would appear that: E> 
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4 during four dry months Ww ill | average about.... 200 0 -ft. 
water « obtainable from storage in Gatun Lake, 
F ft. (87 to 82 ft.), for the s: same 


amount to. 2 : 


oth ‘he rain on the ‘Take’ surface, 2. 60 in. ‘during 
four ‘months, will be. . 


. 
per day, 164 sq. ‘miles. . 140 see- ft. 


‘There is, of course, some uncertainty rel ating to the loss of water ~ 
“ ev aporation. Experiments made at Boston, Mass., and at Kingsburg, © 
al. indicate that, for a mean monthly temperature of 78.5° Fahr., 


open water surface. This is about 7% % in excess of the evaporation 


rate assumed | by General Abbot in 1905. ~ Canal Commissioner H. i. 
Rousseau, Assoc. Am. Soe. E., in an address. before the 
Mississippi Congress August, 1209, “places: the evaporation loss at 


‘in. per »b ut does not state how he arrives at this amount. 


For a mean monthly temperature of 73.5°, the Boston curve indi- 
cates | an evaporation rate of 0.021 ft. in 24 hours. The highest observed 
on the Boston curve are for mean monthly of 
5 per cent. 
curve indicates a rate of 0.022 ft. for a 
temperature of 78 5 degrees. . The highest points on this curve, b eased 


on. observation, are for monthly temperatures of 82° and 84°, 
in July and August, with corresponding relative humidities of 32 and 


On the Tethonus the mean monthly ‘relative humidity during the dry 1 


months is about 84 per cent. It seems probable that the actual ev vapora- 


tion rate from a large body of water on the Isthmus, owing to the 
high ‘moisture eontent of the atmosphere, will be somewhat less, than 


the rate introduced into the calculation ; but a satisfactory basis va a 
humidity correction is lacking, | 
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leakage at structures, ‘above noted, is the of the Board Mr. 


of Engineers of has also been intro- 
duced into the 


terial, as, in case of need, all available water be used for 
<a during the dry months and none at all for power, which can ae be 


= According to above figures, on on te assumption rs is 
at the of the dry months, | there would be for 


510 — 1 590 = 1920 sec-ft. On ‘the extreme of no 
loss and no allowance for evaporation from marginal wet lands, : all of 
the 1920 sec- -ft. would be available for lockages. 
Following General Abbot’s method of estimating the quantity 
water required per lockage, « on the assumption that reduced lock 
length will be used for 80% of the lockages, the age “geal 


per locka ge per day through the Canal would be > about 55 sec 


According to Mr. Sorzano, each lockage per day will require 96 sec- ft, 
it is probable, of course, that the Canal will be used for some time as 
_ assumed by General Abbot , but the possibility must also be admitted 
of a demand on the Canal to its capacity within comparatively few 
years. This capacity may be limited by the number of lockages that 
ean be made per day, or by the number for which water is available. 
~The maximum traffic, expressed i in tonnage and not by the number of 
lockages, will undoubtedly be attained when the locks are always crowded 
q full of shipping and no lockages are made with intermediate gates. 
By the 1 method of estimating used by the Board of Consulting Engi- 
“neers and Abbot, there be required for each such 
The av vailable water, therefore, would permit of 35 lockages per 
if 80% are lockages with intermediate gates. On the author’s 8 assump a 


4 
4 


. 
l 


tion of the requirement per. lockage through the ¢ canal, there would 


7 be water for 20 lockages per day. As the Board of Engineers would | 
estimate (intermediate g gates not cused), there should be “water ‘enough 
for r 24 lockages per | day when n the dem ands of commerce have 1 reached | es 
the e canal capacity. If ‘no water were ‘used for power, these. figures 
might be increased | by 4, 2. 5, and 2, respectively. 
ae The maximum traffic ‘through the Canal, as limited by the a a 
with» 1 which vessels can be passed through the locks, given at 
per day by Alfred Noble, Past- “President, Am. § Soe. C. E., and Joseph 
Ripley, M. Am. Soe. C. E. Tei is 48 according to Mr. Rousseau who 
‘probably voices the opinion of the Canal authorities. Messrs. Noble — 


_ * Report to the Board of Consulting Engineers of 1905. ey ie, 
t. Address at ‘in 1909, before the Trans-Mississippi Congress. 
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t, after allow-— 


These numbers are far in of the 20 to 24 estimated 
from the water supply.” The water supply, in other words, ‘does not 
te “appear to be sufficient to bring the canal up to the tonnage capacity of 

the locks— without utilizing more storage than is now contemplated. 

Each additional foot 82- aged drawn from Gatun Lake 


figures suggested by Mr. Sorzano, should be introduced into the 


a Any | seepage losses from Gatun Lake will, reduce the number of a 
ae loe ‘kages by one per day for each 80 to 96 sec-ft. of such loss. T hat 
there will be some such loss seems unquestionable. — If it should ap approxi- 
mate the ¢ amount suggested | by the author—about 1960 sec- -ft. —it would 


Par indeed be a serious matter. | “The writer sees no cause for a alarm. He 
believes: that this loss will be small, and that it should only be con- 


sidered ; as one ‘of the elements of risk which, in some . measure, may 


i reduce the efficiency of the lock canal. The distance which must ke 
"traversed by percolating waters ; from Gatun Lake to any outfall point, 


xcept near the various: dams, is great that the velocity of motion 


be very slow. he measured losses of water from canals, as cited 


» no criterion the amount of loss a ‘lake 
large extent. The measurements in the case of the Kings River 


feet v 


aon available data indicate that the traffic capacity of the | a 


water the year the capacity of the ‘locks is, 


fore, a matter which should receive timely attention. 


ur. Hodges. _H. F. Hopces,* M. ‘AM. Soc. C. _E. (by letter).— —Mr. Sorzano’s paper 


a "on the probable water supply for the lock canal at Panama is most 
interesting. - The conclusions he reaches are so different from those of | 
7 _ others who have reasoned from the same data, that the w riter fee Is 

impelled { to join. in the discussion which he so 30 kindly invites. 
he author's remarks on the requirements of nav igation « of 

no convineing - contradiction. Anyo one is liberty to prophesy on this 
subject. he dimensions which are now fixed for the locks of the 


‘Panama Canal, and the depth which has been given to its channels, 


* Lt.-Col. Corps of U.8 . Army. 


— 
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— 


wee 


express the judgment of authorities Mr, 


as to the probable future needs of So. oo the draft of ves 


to use the Canal should grow beyond ‘its depth 


may be said that, not only the’ Canal, but the great majority of harbors 
now available, w ould have to be deepened i in order to accommodate onal e 
monster v vessels ; and that the cost of deepening the Canal and renewing 


its locks would be only a small part of the expense to which on 


would be forced by such a development. 


The « clearance which | Mr. Sorzano regards. as necessary (6 ft. below 
ae seems a ‘ 

in a reasonably good channel), ; e, and his 
requirement of 3 ft. below the | keel in a lock is unquestionably more — 

than is needed ressels p pass the St. Marys Can 


“and the the actual number of. 
months the Isthmus. sometim exceeds the « ordinarily 
assumed length of the dry season, but as far as its effect on the water 
upply of Lake Gatun i is concerned, this is not important. . The rivers ae 
continue to ‘Tun with much more their ordinary dry- “season flow, 


~ for some time after the rains have ce: ased, so that if a rainless season n of 


— months is assumed, there would only be a season of 4 months Sale 


minimum water supply i in the lake. These periods, of course, are given 


in round figures, but they will justify ‘Mr. Sorzano in assuming in his _ 
~ computations a dry season ‘of only 12 0 days, although indicating one 

; of more than 150 days i in T able 1. Mr. Sorzano, » howeve er, , has 0 ov erstated . 
his ease i in saying - that ‘ ‘the average . discharge of all the streams that — 
can empty proposed high- level lake at Gatun, will r rarely 
exceed 1 100 eu . ft. p per sec. in dry years. ” The ; minimum daily avers ‘age 
for the. 4 months of the dry season, namely, the average in the worst 

known dry season for 19 9 years, is 1190 cu. ft. per sec., and the average = 
has a daily ar average discharge of 3030 eu. ft. per sec. 


& 3 driest months, the discharge i is less, but the quantity stored i in the 
# 


lake, if distributed over 3 months instead of 4, would more ‘than mak 
ad 


‘It is in ‘its assumptions “as to the of water that the 


vaper di differs ‘most from discunsions which have led to the “usual belief 
in the a adequacy of the water supply . The ‘assumption as to surface 
“evaporation is somewhat greater than that which exper ‘lence on 
Isthmus seems to justify. The average eV svaporation for the dry months, 
shown by observations, is 6.6 in. per month for the 3 driest months, — 
nd 6.026 in. when the dry s season is conside red 4 months long. In the 
of the y year ‘it is approximately one-half of this. 


Sorzano’s in. or more day is somewhat 


an 
re 


ae 
— Bar 
— 
— 
| 
f 
t will permit, and sometimes, strangely enough, a little more. 
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of the actual determined amount. writer, however, believes es 
a credit to the water supply of considerable moment has been over- 
Fanihy looked. . The contribution to the waters of ‘the lake during the dry 
a season i is the discharge of the Chagres River and its tributary streams. 


2 
et oY ae stated amount has been estimated, not from the rainfall and eatch- 


ment: area, but from the measured discharge of the rivers the dry 


d 
“months. During these months, as well ll as during the rainy months, the 
area which will eventually lie under the water of the lake is now covered 
by a dense growth of lush vegetation, which, ev en in the dry season, 
draws s up and gives off to the air. tremen lous amount of moisture 
which never appears in the measured discharge of the rivers. It is. 
know n that the amount so given off by | growing vegetation may each 
approximately the figures assumed for the evaporation. loss will 
cease when that from evaporation comes in. In debiting the lake with 
~ evaporation from its surface, one should not forget to credit it with — 
~ the unknown amount by which the river flow is now reduced through 
the medium of vegetation: growing over the lake bed. . No fixed value 
has been attributed to this amount in any | discussion of the lake supply. 
It has been held simply. as ‘an indefinite although considerable reserve. 
; ‘Mr. Sorzano’ s evident respect 1 for border evaporation, or “fly- -off,” indi- 


that he will prob sably be sensible to be attached 


In connection with border ev Ms. -Sorzano states that the 


drying up « of the I lake “in every dry season, will uncover an area of 
land measuring more than 100 sq. miles. cours depends 
much of it dries The area is 167 4 


that it will net dey: up even as as the latter reference, and 
it does, Mr. Sorzano’s area of 100 sq. miles 1 will be reduced to 


? than 14s sq. . miles. In the av erage dry s season the writer believes that the 


the author admits that it can only be guessed ‘at, and the writer gives 
cordial assent to that proposition. Efforts to determine it, however, 
not been lacking. gentleman. whom Mr. ‘Sorzano compliments 


for te foundations of the at Gatun, 


4 

quite extensive borings at different portions of the rim of t the reservoir 

area and o of its bed, in places where the configuration and geological 


formation of the soil indicated ‘such investigations most 
The “result of these investigations has not area 
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3 dence of the engineers on the Isthmus that the percolation through the 
Se a all - _bed and walls of the reservoir will not be a matter of serious importance. — 
Lf. 
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th 


fact is worthy of notice that ees Mr. Hodges 


~ Camacho Reservoir, r, to which Mr. Sorzano alludes as a hor rible example 

the permeability of Isthmian rock, supplies, from a water- 

about 1 sq. mile, a total of about 2 000 000 gal. daily. This amounts | 
toa flow of 3.1 eu. ft . per sec., : aside from all losses due to. ev poration, 
percolation, “fly- off,” and what-not. Such a flow over the water -shed 


tr tributary ake deduction for the mentioned, 


‘Tequires a little correction. Owing to the fact: that the upper lock 
in the Gatun ‘and Miraflores flights is, for certain reasons, somewhat 
larger i in area than the e lower ¢ ones, the lifts between the upper and lower _ 
post at these localities are not divided equally a among the locks; and, at - 
Gatun, the normal lift of the upper 1 000- ft. lock will be 26.38 ft., when 
the lake is at +8 5 and the sea below at ‘mean level. The lift of the 
other two 1 000- ft. locks | at Gatun will be 2 9.31 mt, each, at the same 
water sté ages. . At Pedro Miguel the normal lift will be 30 ft. at lake 


levels of 85 and 55, and, at ‘Miraflores, the normal lift of the upper 
-— 1000- ft. lock, with the lake at -+ 55 and the sea at mean tide, will be i 
26.10 ft., while the lift of the lower lock will be 28.90 ft. These figures — 
will alter somewhat the lockage prisms assumed by the author. ioe ale 
Neg Jecting losses by leakag. ge, , ete., the total draft on the sumn 
level, , due to the passage of a vessel through the Canal, should be two 
“prisms of lift and no more. re. These two prisms ar are in the “upper 
locks at Gatun and at Miraflores, and since, for reasons which will | 


“appear later, the op opportunity of | saving water at Pedro Miguel is so a 
much greater than at Miraflores, the latter place will rule the water 
The displacement of the vessel, although mentioned by 
Mr. Sorzano, does not have any i influence the net result of. a com- 
ee passage. It i increases the consumption for a vessel going up and 


decreases that for one on its ‘downward lockage. Neither | of the two 


prisms of lift which each passage takes from the lake, howev er, must, 


of necessity, be a full prism; and that leads. to : an investigation of the 
statement, inferentially accepted by Mr. Sorzano, that intermediate 
ates cannot be used to advantage in the three-lift flight at Gatun. ar 
statement crept into the Report. of the Board of Consulting Engi- 


neers of 1905 , and, apparently, has received circulation and acceptance — 
since. The an endeavor to. 


g the operation of the twin flight of locks, it should — 
“be remembered that it is intended to reserve one flight for up-bound 
and one 1e flight for down-bound vessels, The water in each lock of the 
up-b ones vicieaans = regularly be lef left at its high level, 
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lift flight of locks, ‘each are ‘those for "Gatun, into 4 
3 two unequal parts by intermediate gates, 1 n- e, d- b, and I-m. . Let the 
chambers, A, Ay and A,, be equal in area, a and call this area A, and 
area of the lock, B,, by B. Suppose a vessel to have 
le passed down, using the 550- ft. locks; then, sinee i it “must pass s from 
= Ca lock A , te. A,, through B,, and the gate, g-r, must then be shut to lower 
oes the | boat to sea level, it follows that th the lev eli in B, as well as in yo after 
the downward passage of the vessel, will be the high lev el of the lock Ay 7 
Represent the lift between the high level of 


oe F ill A to lake level, n-o, and admit the vessel ; close the barrier ne. 


hen, since the level i in A, and is the high level of represente ed 
“ by the line, e-l, the total quantity ‘of water above that level, e-l, in» _ 
locks, A and ay before equalizing, is represented by the prism, 
n-e-1-0. now, the g: gates ‘and valves in the barriers, n n-e 
d- b, closed, the valy es in the 1e barrier, ¢ o- i, be opened, » the water ] level, n-0, 
: in _A, and, 7-b, in A, will equalize at p- -d. > The prism, c-e- -b-d, which | 
is now above e- 1, must be equal to the prism, “n-e-i-0, which was above 
that level before equalizing. From this we have, nee is equal to 


p-q toy, and q- z, the | areas of A and are equal: 


lock, . and the gate ‘and valves in o-k be closed. In and B, 
- total prism above b- he is p-t-b-d, equal to 

in and the water. levels in and “will, at some 
—q-g, the | total, prism above b-1 -h now being q-i-h- “9, 
‘Equating: these two have 


be 
— 
£0 
— 
A, to By = y; 
| 
— 
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NAL 
gate, da-b, and the valve es in. and levels Mr. Hodges. 
between the combined chamber A By, and the ¢ chamber A, in which eam 
the water level is at the line, r-1 “Equalization will take place at some | 
level, h-l, at a distance, w, above sea level, and, by the reasoning already 
followed, we have the oo q-k-r “9, equal to the prism, i- k-m- -l, or Se 


(A+B) @+w) = (2A + B) w; hence A w=2 (A+ B)..(3) 

Combining Equations 2 and d3, we have w= + B) =. 

ng 1 and we also have = + he 


550- locks are Now admitting ‘the to the 


chamb er A, and | closing: the bi barrier the water in A, ean be lowered 
to sea level ‘Valea the valves in l- m, and the vessel p passed out through 


- with the total loss 0: of the prism, h-r-m- -l, which is A w, and equal to s 


7 
the prism, n, A x, originally taken from the upper lev el. The levels in 


+ sea tn way the Vv essel “drawing “fall draft can 
_ through the flight with only the expenditure of water due to the prism > : 
area A, or the 550-ft. loc ‘k, and the height, x, or 2, Or equal 
to ¢ one-third of A. lock, , becomes: practic ally a portion of an 
‘intermediate canal, ‘the water. el never going below normal high 
level in or h-l. There is. no necessity for making two. oper rations, 


as indicated above, of lowering the vessel from p- -d to h- l. The valves 


tt 


in d-b and g g-r may be opened at | once, allowing the prisms in nA, and— i 5 
B, to flow v simultaneously into A,, thus avoiding a slight loss of time. ite 
one e takes the -bound instead of the down- flight, the 
“Toeks wi 1 regularly be found full, but the reversal of 1 the operation will Ws 
lift a vessel of suitable size from the low lev el to the high level with 
only the expenditure of one 550-ft. prism of lift, and without nec race ~ 
ing diminution i in draft or. delay in transit. A similar discussion | will 
show that ev en the smaller 350-ft. lock may be used, with a very anal 
expenditure of water, in locking small vessels through. The operation — 
is somewhat ‘ce soit: 3 as the lock flight is divided into more 
lifts in order to accomplish this end, but the: lifts are lessened and © 
the time of | each” lockage, therefore, is shorter 3 80. thé at, w hile 
the lockages | weal be increased in number, it is doubtful if ony in- : 


the time 0 would result. The sa saving of water 
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Hodges. 


the of the series by a requiring the full size and full 
nullifies_ the saving due to one of t the previous lockages. 


2a The writer feels that he owes an apology for the length of the fore- 
going demonstration, but he has thought it necessary in vi iew of the 
- general acceptance of the statement that intermediate gates cannot be 


are ne so that communication, by valve es, can he opened 
we) between the twin-lock chambers, and one ean be used as a reservoir 


fora portion of the prism of htt in the other. A A lockage i in one direc- 


tion may ‘then r require only a a portion of the n normal | prism, leaving ~ 


do require the full draft of f the prism over tae sills, 

it is very ev ‘ident that” the great ‘majority of vessels will be ¢ of this 
description, especially those which ¢ can pass through the smaller locks. | 

‘The possible | saving due to this cross- ss-storage of water is greatest at 

‘Pedro } Miguel, where there will be no loss" of depth by cross- filling, and 


where, under the most favorable circumstances, of the “lockage 


een 25 ye 50 ‘per cent. is where. the 
mum is about 2 24% 5 and seems safe to. count on 
about 15 per cent. | At Miraflores, the saving should be intermediate 
between that at G tatun and at Pedro Miguel. The existence of this 
possible saving is the ground for the previous “statement that the « 

expenditure of water will be Gatun and Miraflores, rather 


Mr . Sorzano may be correct in his op opinion. that the development 
; of ¢ commerce will lead to the use of the large locks with a number of 


"vessels, instead of the small locks with one or this be 


per net to commerce w ill appro the same. Each 
one of the fleet lockages will take a longer time than the one — | 


single vessel, and, consequently, there will be fewer of ‘them in the 


course of the 24 hours. at. 
It is difficult to foretell Just what line of development ‘commerce 
will t take. When the Poe Lock at St. Marys. Falls Canal was designed, 
its” dimensions were based on the methods of Lake carriage then exist 
ing, with one steam barge and a nur ber of. tow barges, it being in- : 
tended to take 3 in, as f far as possible, one entire tow, two ships abreast. — 
Methods of carriage ‘on the U pper Lakes have changed since then, the § 


large single vessel having come to the front; and if the lock we ere to” be — 
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* built now, less attention would be given to oe in a fleet of relativ ely M Mr. - Hodges. res 


small vessels two abreast, to taking in two large vessels 
tandem. The canal on the American side at “The Soo” now averages 
approximate y one and half | boats per lockage. 
author’ intimation that the use of the intermediate gates will 
be objectionable on account of the great number of safety : appliances 
to be used for each vessel at each lock, and the necessity | of moving all 
vessels at extremely slow. speed, can n apply only to the use of the 350-ft. a yo 
lock. / No “more movements are necessary in locking wi ith 1 the 550- ft. 
lock than with the 1 000-ft. lock. As. stated before, however, when ~~ 
small 350- -ft. lock i is is in action, th the method of operation m may be such as 
to increase the number of lifts in order to sav ve the greatest possible ~ 
quantity of w ater. Neve ertheless, it is not “necessary that the number | 
of lifts should be increased, e even with this small lock, unless full dra aft 
nec needed, and , even should it be thus increased, the lifts. themselves 
are > correspondingly diminished, the 1 time of each lockage i is correspond- be ty ' 
ingly reduced, and, furthermore, small size of the vessel will render 
its movement from lock to lock more easy and rapid. my ‘The writer is_ 
not inclinéd to accept, without reserve, the general statement that the © 
use of the intermediate gates will be attended by delay, believing that 


the rev verse will be the ¢ case. 


The author’s estimate of the water plants 
indicates that he has been misled by the knowledge. that the ~Commis- 
sion is now building two generating plants at Gatun and Miraf flores. 
has t ‘it is intended to generate» full 


intended to lie idle, and only a part of the Gatun plant i is to be in use. - 


ay 


During the period of construction it is necessary to have the two >. 


and, using steam, to develop a power considerably greater than i is con- 
_ templated for the operation of the Canal in after years, when the power — 
Ww ill be developed by water. . The -ealeulations which have been made 


the Isthmus as to the water expenditure of 


cu. ft. per sec. for the | per srmanent dev elopment. After the Gatun 
begins to to supply the operating needs, the Miraflores plant, which will — 


still have auxiliary boiler capacity, will be held in reserve ready to be 
thrown into the line i in case of any failure. Having boilers i installed, be 


steam can be used should it be found desirable for : any reason, in which ite 
case the of 275 cu. ft. “per sec. the 


‘In the discussion. of the losses due to gates and valves 
he has been rather hard on the Canal. It i is true that the Gatun lockes - 
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= Hodges. will have 40 gate leaves and | a great vist of vale es, but there are only iy g 
ie . gate leaves and 3 sets of culvert valves there through which the lak: _ 

will lose water. . The c wages will have » their own leakage supplied by 


the leakage from above. If it be assumed that there is an opening 
gis in. wide around the meeting | faces of the effective gates and valves, 
the leakage at Gatun will not reach half the amount mentioned by 
Mr. Sorzano. _ The assumptions made on the ] Isthmus as t to t the leak: age 
through | gates and valves, including the spillway, give a combined 
q 
5e r sec. the er level 
total of 275 cu. ft, ft. per sec. for both of th upper evel. 
Any conclusions as to the w ater to be e wasted i in maintenance 
tions (Cause ‘VII in the paper), must be largely guesswork. Undoubt- 
edly, h however, most of the intentional operations which will involve 
_ waste e of water can be made to occur during the ra: rainy, - season, when 
a the loss is of no consequence. _ The writer cannot t possibly accept the 


claim that 125, eu. ft sec. must be chargeable 


will be a | very simple matter to stop any draft of 


supply them. If, on the other the author to 


Gove ernment plant, that has been reckoned in elsewhere. piacere ” 

7 sg statement tl that the safety appliances and towing devices, 
“now a ranged for double-track serv will make single- track 
very dangerous, does not appear to the» writer to be e justified. _ Single- 
track operation of a flight of locks is undoubtedly less convenient than | 
~ doyble- track operation, but the safety appliances and towing devices, — 
4 > which the author alludes, introduce into the single- track operation 

no element of danger not present in the double-tr track operation. | . The 

flights of locks are entirely independent. of each 
other i in this regard. 

author’s Cause Maneuvers onl Acci- 

dents,” is also a “matter of speculation. He mentions, however, the 

1 104 hours of stoppage dein to breaka; ge at the St. Marys Falls Canal, 

Mich, during its” 2007 days of operation, as an indication of the 

amount of water loss which may be expected in the Panama © ‘anal. 

is no statement of how much water loss a Pai: he Soo” “was 

involved - ky these hours of delay. F rom the best of the w riter’s 3 in- 


formation, he is inclined believe” that) there was. C01 sider ‘able time 


The losses the spillways and gates of the amit 


4 


lower edge of which the flow will take place. _ When these gates are 


closed, it does not seem to be impracticable to. pack the 
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WATER SUPPLY FOR AL 
and sill in such w y that will be little, if any, leakage, even Mr. Hodges. 
under the 1 the 16-ft. to which they will be exposed 
‘The author's Cause ‘Miscellaneous Losses,” _also seems to the 
writer be ‘somewhat ‘overdrawn. Among these losses he includes 
all the needs of the population. and industries which may loca 1d 
the borders of the lake and on its numerous he 
0 during the 


of Lake Gatun or are not tributary, to ‘it at call, and the waters: 


supply. Tf these reservoirs prove ianablichent for future consumption, 


they can be supplemented by others which will store wet- season water 
‘tom season use, the “season supply for Lake 


elsewhere, as 


Canal to be built at sea el. 


‘He also. mentions the losses and waste at the intermediate sec — 


Pedro’ Miguel to the sea-level section at Miraflores due to ev 
tion, percolation, “fly-off,” etc. Of course, there will be 
from the s small at Mir: also. has certain small inde- 


than of ‘Sikes Gatun, 


ray Assuming the of Lake Gatun at 164 sq. tniles, and the depth, 
of storage available, as as stated by Mr. Sorzano, | at 7 ae namely, from 


+80 to + 87, the total volume of wa ater thus stored is s equivalent to a — 
flow o of 3090 eu. ft. - per sec., for 1 120 days. Adding this to the minimum _ 


supply of 1190 eu. per sec. gives a total supply of 4 280 eu. ft. 
sec. “available for all u “uses during the dry season of 4 ‘months, 


drawing the lake down bel ow 80. 


The observed rate of ev aporation during a dry season 1 of 4 months 


is equivalent to a flow of 930 cu. ft. per sec. for the 


calculations, the writer has assumed the leakage at the gates ans 

at 275 cu. ft. per sec.; seepage ae vaste, », ete., at 85 cu. ft. per sec.; cee 
lighting, _ power, ete., at 275 cu. ft. per sec. In this assumption, — as 


well | as- in Mr. Sorzano’s, the credit due to saving in the lak 


quantity of water which is now poured out by the vegetation covering 


its bed has pean neglected, and the 1e element o of percolation in the bed, 
which i entirely unknown, has been omitted. ¥ The quantity of water 


requires for -lockage h has been obtained by assumptions, 


wu 
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WATER SUPI OR PANAMA | CANAL pe 
ich may or may not prove to be justified i in fact. = writer gives 


| Area. | mira-| Passage, in | | Be | 
133 26.38 | 2610 | | 91.5 | 5% | 4.08 | 16%. 
122 800 28.10 27.40 | 6810 000 8.9 15% | 11.83 | 16% 
82400 28.33 | 82.75 | 5 038 000 500% | 29.15 | 15% 
40400} 18.58 | 30.16 | 1969000 | 30% | 6.84 | 11% | 


_ The plan of the upper: lock i i such that lengths of 1 000 : ft., 900 ft., 


ft. or 350 ft. “ean be used, the B50-ft. 350-ft. lengths being 
capable, by squeezing, of increase to about 600° and ft. re- 

spectively. Inq preparing ‘Table 8, the assumption has been ‘made that 
5% of t the vessels arriving 000- ft. lock; that 


two of lift, h day, is is 44.9 cu. ft. per sec. 'N Neglecting any 
N vantage to be derived from cross-filling, it is 51.9 cu. 1. ft. per sec. . Deduct- 
ing the sources of loss assumed abov ve from the total available supply 
would give 4280 — 1535 =2 e ca 


== 2745 cu. ft. per sec., which, at the calculated 
value for -eToss- -filled lockage, will allow vy 48 complete passages _ of the 


Isthmus pi per er day with a remainder of 623 cu. ft. per sec. as a margin. . 3 he 


writer believes this margin to be sufficient to cover underestimate of 
losses, and feels” confident that ‘the water supply will prove adequate 


to the needs of the Canal for a great many ye ars, ‘if not for all time 


to come. Should it ever r become necessary. to increase it, this ¢ can be 


River, at Alhajuela w hich will of 
to supply the deficiency during the dry season. T he duty of building 
this dam may be properly left to posterit , should the. need ¢ ever arise. 
— foregoing estimate of the water supply i is based on the minimum © 
observed daily average for the 4 dry months, 1 v , 1190 eu. ft. ‘per sec. 
‘The daily average supply for the av erage dry s season of 4 months is 
7 _ much greater, being 3030 cu. ft. per sec. | In the average year, there-_ 
fore, the surplus will be greatly increased. 
“? In the foregoing , as in Mr. Sorzano’s s paper, a 7-ft. storage, », from + 80 
to +8 7 in Lake Gatun, has been assur med. In the recent plans, the 
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lege 4 the remaining 30% in the 350-ft. lock. With these assumptions, and tak- _ 
_——_ j= ing into consideration the saving in water which can be effected by cross- Y 
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storage has usually only 5 

“even with this reduced variation in level, 4 is | thought the 

* sufficient for all lockages through a dry season of minimum - flow. 
In other words, instead | of the lake level being reduced, as concluded 

i Mr. | Sorzano, it will not be necessary to bring it below + 82, giving: 
a depth of 42 ft te the Culebra Cut, under the most “unfavorable cir- 
‘cumstances. _ iF or many years it may be held desirable to operate at a 
lower level, until: vessels requiring the full draft desize 1 to use ‘this 
‘route; ; but, in the w riter’s judgment, there w ill be no n 


searcity | of water, for such low-level « operation. 


THEODORE Pascuxe, M. Am. Soc. ©. E. (by letter). —The author Mr. Paschke. 


‘treated his subject most ably. His conclusions are startling, and 

after a full discussion, they s still prove to be approximately 

they are a severe arraignment of the designs” for this” great work. 


various items | affecting the \ w supply of the Canal, 


particular attention, a as it embraces a 


which has not been mentioned in the paper, and, has been 
overlooked by Mr. So 
rn = ~The author’s deduction that the water level of the Jake will suffer 
a cert ain lowering during the 4 months | of dry season, by percolation 
or seepage through the bottom a and sides, is based « on certain assump- 
tions of the existence of fissures and seams in the rock formations and — 
the general porosity of the subsoils i in the locality, all of which in turn o- 
have been the subject of close scrutiny, investig ation, tests, and other 
‘researches | by the Canal engineers. These assumptions, therefore, 
and are not to be gainsaid. 
For the sake of argument, ‘it is also admitted that the deductions 
 therefr om—the amount of ‘seepage—will conform to the conditions 
existing when the reservoir is first being filled. From that _ time, sedi- 
‘mentation will take place all over the bottom and ‘sides of the lake, ¢ and 
attention is called to this feature. the writer is not misinformed, 
the soils which ov erlie the rock formation of the Isthmus: a 
mainly of voleanic deposits. These soils” yield easily 
peculiar to the rainy season in the tropics. 


- In a stream like the Chagres, having its origin in a mountainous — 


region overlaid by such voleanic deposits, the flood waters are charged 


to with the the soil The finer 


bottom ‘of the stream, but, impelled by the. are to. 
sea to furnish “material for combinations _and formations in 
Nature’s at workshop. In cases where the flood waters overflow 
the banks a the stream into adjoining and | comparatively level regions, 


where the flow of the waters i is ; arrested, the : suspended ‘matter is slowly | 
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eposited, thus forming, in the of time, a well-nigh impervious. 
laye over these stretches, constituting the basis” for ‘the swampy 
_ character of regions which otherwise, due to their elevations, should 
- Only the coarser and washed particles carried by the flood waters 
"aaa found deposited in old and new river beds. The opinion is here 
_ ewe that the low hills of the ¢ Gatun region: consist of such washed- ° 
out material deposited from time to time by the flood waters of the @ 
oO hagres. T his Ww ould explain the high ‘seepage flow through som some of the . 
Gatun soils g giv ven in Table3. 
By throwing the artificial “barrier across t Valley at 
Gatun, the waters of that river will be a lake. 
a he effect will be that. all the sediment brought down by the flood waters 
lu : the e rainy season will be de posited in ‘this lake. The coarser — 
and | heavier ‘particles will be deposited at the point where » the» flood | 
: | aden come in contact with the lake water, and the lighter and finer | 
particles will be carried a little farther before they settle to the bottom. 
The lightest and finest particles, however (the voleanic dust particles ' 
7, in combination with organic matter held in suspension), will be diffused ew. 
the waters of the lake, reaching every nook a and corner, 
where they will gradually ‘settle | to the bottom. This process of settle- 
of the finer particles v will go on with more or less uniformity 
7 throughout the rainy season, which lasts about 8 months of the year. ; 
is s not difficult t to ‘foresee final ‘result, provided the Gatun 
i. Dam stands and does not slip 2 and disintegrate (as predicted by some), | 
or is not washed out on account of som some / ramming accident at the 


locks (as predicted by others), 
| a ranted that the soils forming s the sides and bottom of the er 


oO 


— ee 


Jake are porous and that the underlying rocks are shattered, full o 
seams and | joints, and that— for these reasons the lake bed, cat th the 
_ beginning, will | be nothing more tl than an immense filtering bed, — 
7 the sedimentary deposits from the Chagres and other inflowing streams 4 
eventually choke the filtering features and ultimately seal 
effectively every pore, seam, and joint in . the material forming the bed. 
_ Indeed this whole ‘Process is nothing more than a | gradual f filling up of 
the: lake with the spreading of a water- -proof blanket over the bottom 
and sides in advai ance of the coarser filling material. 
_* he views here advanced are not born of a desire merely to criticize, 


but represent the | conclusions: reached during a professional experience 


of 12 years in one of ‘the Central American States, during which the | 


writer had ample opportunity for observing similar phenomena 


In ‘conclusion. it should be stated | that these v views should not be 


take mn a of the present designs of the great y 
$84 

possible modification of the author’s calculations, ‘due to any tende ney 

to retard and check of water fre from the lake, will be 
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slight as not | to affect in the main his: general: conclusions, which, in Mr. Paschke. ] 
the w writer’s opinion, stand ‘unimpaired. ‘They a are an appeal ‘not only 
to engineers, , but also 0 to the whole American seealie to pause e and think | 
_ moment over the possibility of having the traditional national reputa-_ 
_ = for sagacity come to naught by any short- sightedness displayed i in 
the p persistence of of the designs of a lock canal. ‘a 
Auten Hazen, M. Am. Soc. C. E. (by letter).—The writer will dis- Mr. Hazen. 
cuss only one feature of this paper, , namely, the loss of water by perco-— 7 
lation. ‘The author’s assumptions as percolation differ radics ally. 


those which the writer has made, and the difference represents: 


the greatest single difference between his calculations and the hydraulic 


calculations which were used in making the Report of the Consulting — 
4 Engineers in February, 1909, to which the author refers. eink: 


Under the heading “Seepage Velocity in Gatun Soils,” 
is ; made to certain experiments by CO. M. Saville, M. Am. Soe. C. E., 
Assistant Engineer of. the Commission. From this report the author 
conclusions which differ the writer’ 4 and it seems 
best to. take up these experiments in somewhat greater detail. ‘The 
; “experiments on soils are described on page 138, et seq., , of the Report of 
the Isthmian Canal Commission for 1908 


a 


The soils were placed in galvanized-i iron tanks, 39.36 in. in diameter, 
and 54.5 in. high. - The tanks were coated inside with pitch and coarse i 


In the center of the e bottom connection was made which was 


ihe 


protected by a piece of wire screening. Two 3-in. pipes, with 1 perforated y 
cross-pieces, were carried through the sides of the tanks and embedded 
in the material to be tested. These were connected on the outside with — a 
gauges in which the differences in head were observed. 
ow water p passing was collected and measured. “i _Asf far as possible, an effort — 


was to deposit the material in the tanks in a condition similar 


to that when found in place. &E very effort was made to drive out all 


the air from the ‘material, ‘and a constant head of water was maintained. 


‘T ‘he discharges: under conditions when the hydraulic slope equaled 


or, in other w ords, when the head available to make water pass ae 


was equal to the — of the material, for the five materials ig 


= River, er, north of the dam 


sandy soil from embankment slope of ‘spill 

"way way hill 


. . 


Medium fine sand from test pits down the 


206.7 
Brown, sandy clay from Gatun Island test pit, be be- 
Bis tween surface and 13 ft. below 
‘ti sandy clay from Gatun Island t test pit, from 


to 37 ft. below ‘surface... 
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, equal to in. per day. 
Tn aw hese results to the probable percolation. of 1 water from 
Lake, allowance must be for the probable difference i 
hydraulie ‘slope. Certainly the | average distance from the water in 
the lake through | the ground to a point where it could discharge outside 
seri be a considerable number of miles. For the purpose of this 
assume that it is only 1 ‘mile, and that the discharge in 
all cases is at sea level. T “here will then be a head of 85 D ft. acting in a 
‘Getemes of 1 mile, or a slope. of (1.62% in place of 100 per cent. By a 
“known n law bes , the e rate of reduced in 


the sar 
be 0. 05 x 0. 0162 = = 0. .0008 in, per day. 


of the of the lake. “Tt ‘applies instead to the 

7 section of the pervious m material through which the water is obliged 
to pass on its way from the lake to the sea. There is no ‘means of 

- a what this smallest section would be; certainly it would 
be only a fraction of the actual area 0 of the lake. it is “needless to 
attempt to determine it, because even if - the rate be applied to the 


- area of the lake, it amounts to less hes = in. per day, or to 


the one six- -hundredth part of the amount, assumed by the author. “a 
Saville’s. experiments with rocks, made by. cementing piec 

of rock into a 6-in. pipe, represent: more difficulty and perhaps 
conclusive inv vestigations. ‘The results, for 1 ft. in thickness" of stones, 
a, sealed from Plate 103, a accom anying Mr. Saville’s report, are given 

"Although these figures exceed considerably those found the 

‘soils, no effort will be made to earry the calculation further, as it is” 

obvious that the rates of indicated are small to be of 


, The materials on the ‘iia, as the writer saw them in February, 


1909, are generally of a ferruginous, clayey nature. That is, they are 
lays: and shales, part of the alumina i in which has been replaced with 
iron to the extent that they © contain something like 10% ‘of metallic 
iron. The substitution of for alumina changes the physical 
properties | of the materials to such an extent that Northern experience 


- cannot be e applied safely, and their | 7S stand u up in stable -embank- 
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| ComMpuTED PERCOLA- _ 
“TION, IN INCHES 


t 


in 


Kind of stone. 


Head, 
uare foo 


Percolation, 4 
per hour. 


in cubic feet 
sq 

ina dis- | 
tance of 

mile 


| 85 ft. head 


Blue site. . 
Voleanic ash.. .....| Lock site. 
Volcanic tufa.. Quafry....| | 
...| Lock site..| | 
Brown conglomerate... ...| Lock site. . 
Voleanic ash Lock site. 
Light blue-gray conglomerate.. ...| Lock site.. 
Argillaceous sandstone — ay.. 
Gray sandstone......... 
br own aandetone. 


wo 


Bawa 


|| 


In the whole line of the work traversed by the Canal there is no. 

‘considers tble deposit of silicious sand or gravel _ The so-called sand- 

stone does not contain silicious sand particles, but, in appearance and | 

in physical properties, is more like shale than the rock which we know | 


= 


as sandstone. ir This so- -ealled sandstone said to does 


‘the work, and as. “tested Mr. Saville in his are 
_ Of course, it is true that the ¢ engincers did not have an ieee 
to see every part of the lake bottom. That would have been impossible 7 
“under existing conditions, , and especially 1 ina iimited time, but the 
‘materials: which they did see extending from one end o of the lake to the 7 
other, and, in many places to its sides, were all of the same general 

elass, and were all generally impervious, and there is ev ery” reason to” 
believe that the materials throughout the lake are of the same 


general character, 


‘There is no more reason to apprehend loss of water from Gatun 
Lake by percolation | than there is to expect: loss in the . Ashokan 


_ ‘Reservoir now building t by the City of New York. | No allowance for 


percolation has been made for the Ashokan’ Reservoir, as experi- 
ence with the Croton Reservoir, the and a hun- 


considerations of Northern pre 
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1388 DISCUSSION: WATER SUPPLY FOR PANAMA CANAL. 


Mr. Hazen. _ The author speaks of some of the aii built for water-works’ pur- 
on the Isthmus, and the leaka age from them. T he writer 
ae several and noted the conditions of leakage. 2 These dams were 
made by “filling with the materials most conveniently available to | anot — 

very large earth dam section, and apparently without any very = 
‘preparatory excavation of the underlying material. In all cases there 
was a certain amount of seepage at the bases of the dams, coming 
4 apparently through the material under the dam a short distance below 
_ the natural surface. In one case a slight indication of leakage through 
the: lower part of the embankment w was observed. In no case was there 
indication of leakage through the deeper underlying materials, 
oe The writer is at a loss to account for this percolation ‘through the 
material a short distance below the. natural surface. — His first thought | 
2 = ras that it might be due to , the spaces left by decays i roots, but observ- 


ny in cuts showed that as a rule roots did not extend far into the 


soil, and the seepage was through a layer deeper than that to which 
roots ordinarily extend. _ The writer has been told that in very dry 
_ seasons there are shrinkage cracks, due to the continued extraction of 
“moisture, by roots and otherwise by ev aporation, from the clayey soil 


7 containing: a large | percentage of pr pores filled by n moisture, and that these 
‘sometimes e: to considerable ‘It may be 


‘for: ‘water- -supply purposes 
in no case seems to be enough to affect the stability of the dams, nor to 


‘take aw ay to. any ‘considerable extent from the quantity - of water avail- 
a The v writer is interested to note that Mr. Sorzano raises no question 
as | to the loss of. water ing ‘Seepage the Dam itself, 


he believes that 
tight, 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


PAPERS AND DISCUSSIONS 


in any of its publications. ve ry 


Cuarues H. Mutter, M. Soc. C. 


Cuartes H. Minter, M. ‘Am. Soc. CE E —Having Mr. Miller, 
visited this work several times , and having become familiar, to 
extent with ‘the David Neale system | during the past three or four 


years, the writer has read with much interest Mr. ‘Lahmer’ detailed 


ap: 
_ When the: writer began the investigation of this sy stem several years: 
ago, he was confronted with the facts that there were no accurate cost 
or location records: cov ering the work which had been placed, some of it, 

‘as many as twelve years before; that | often there was no way of telling 


whether or not changes occurring in the vicinity” were brought 


7 about by the influence of the dikes or through natural causes; that ‘alee 
of the dikes seemed to have served well the purpose for which they were 
‘eemmtoectel, while others were found to have been entirely flanked and ae = 
dropped into the bed of the river; that is, the river got behind the . dike — a 
and continued to scour away the bank, until, in some eases, the dike a 4 
was left on the opposite or bar side of the river, 
In most eases it developed that no repairs or additions were made id 
after the e work was first constructed, it being the contention the 


inventor that after it once became covered with sediment, it would 


— 


ceedings for October, 1909, and presented at the meeting of November 3d, 1909), is printed 
in Proceedings in order that the views expressed may be brought before all members _ » 


ia _* This discussion (of the paper by J. A. Lahmer, M. Am. Soc. C. E., printed in Pro- — 
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DISCUSSION ON RIVER P I ROTE CTION WORK 


“namely, that ‘the dikes. possessed an inherent strength against 
_ broken up piece by | piece and carried off by the currents, and although 
7 entirely cut dow n by ; scour underneath and behind, and much bent and 

twisted, the main mass, especially that under the low-water level, re- 

parts above low water sustaining losses of one or more 

_ layers due to the decay of some of the materials ec composing them. 5 

With: this quality in view, this system was adopted, under t the 

~ assumption that sufficient: repairs could be made from time to time to 
hold the dikes in effective position, and, in the end, that a protection 
fa 

_s would be obtained at less cost than for a continuous system. wie 
Myrick, Mo., . on the Missouri R River, dikes hav e been in 
for three years, and their position is being maintained, but this i 

much too short a ‘period in which to obtain a reliable comparison 

‘between this and other systems. . It has developed that an error was 

made in placing t these dikes too far apart, and it | has been “necessary to 
build, short pieces of bank rev vetment, both ‘above and below them, for 

of approximately ft., in order to prevent them from 

being cut down. ‘The original cost of this work was $2.50 per per | lin ft. 
of bank; the repairs placed amount to $1 per lin. ft., 

making a total of $3.50 per lin. ft. af. 

system does n not contemplate any particular size or shape of 

- dike, but fits the physical conditions as well as the class of materials k. 

to be- found i in the locality, and, naturally, there is a difference of 

opinion as s to the most “effective shape. | The writer now uses a form. 

which differs very from that “deseribed Mr. -Lahmer. It is 

‘ triangular or pyramidal in 1 shape,* and the main part does not jut out. 7 

into the stream as much as the long and narr ow dike described ‘in the 
paper. This triangular dike is now. modified by discarding the large 
; fi fascines for the foundation, and simply using a mattress, either of the 
: solid or wr of the r mud-cell ty pe; it having been demonstrated clearly that 
the fascine method i is the more expensive, first as to its actual construc- 
tion, and second, because it. permits more scour - - under the edges, hence — 
more settlement, and, consequently, more m material ‘is needed to con- 
struct the dike to the required height. mattress foundation is 

_ constructed so as to extend out beyond the edges of the proposed dike, 

and, ai as the scour progresses, this extended portion of the mattress, being 

pliable, drops and prevents | excessive underscour. The mattress, extend- 

ing a short distance above and below the dike, also prevents the eddy 
which cannot be entirely overcom e, behind the upper 


“bank partofthe dike 
In calculating the relative effectiveness of the different forms | of 


, dikes much depends on the height and duration of floods, but the writer. 
is firmly convinced that for the Missouri River, where floods often 


*® Dese ribed i in detail and illustratedfin | un Engineering We October 22d 22d, 1908. 
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Papers. ON ‘RIVER PRoTE 


be 
‘remain at 
dike described by Mr. L ahmer will not hold ‘up as well as it will in the | 
_ Arkansas River, er, where the floods are» usually of much shorter duration 
and that it will be ne place some top-bank protection both 1 4 


‘above and below the dike. In other words, the extent of the dike, up _ 


4 and down stream, at the top of the bank, will prove to be insufficient ; - 
for sr a long period « of high water. r. The dike described is intended to _ 
throw the main body o of the ‘river so far away from the main bank that 
3 the influence of any eddies which n may develop, will not be felt at ‘the 
bank. . This will be fo found to be true for all ordinary stages of the river, 
at which times a a considerable portion of the dike is above the water b 
and water is forced it at some distance the 
general shore line or edge of the water. This” distance gradually 
diminishes as the river rises, and when it is high, the water flows ove 
the dike only a few feet out from the general shore line, and there << 
then nothing to prevent it from scouring out under the edge 
Bs It is true that the stronger force of the currents is farther out and ee 
lower down from the top bank; but there is often sufficient force along * 
the top bank during high water to cause much damage to such work. 
_* Lahmer calls attention to a caving, from 8 to 10 ft. in width, below 
Dike 5 5. It is just these ig) amounts at each recurrent flood which | 7 
gona narrow strip jutting out — 
the main n bank, and this poo is usually quite susceptible to being _ 
out by eddy currents, thus allowing the upper part of the dike to ttle 
thereby giving the currents freer play and a to scour 


that have been not to have so, least 
during the first year. The best information at hand discloses no eavi oc 
in this part of the river of an amount greater than about : 300 ft. per cr 
‘annum; it is usually very much less; and, therefore, it is safe ae 
predict that the railway tracks would have been perfectly safe for at. 
least one. year more, if no work had been placed above Dike 2 2. which is” 
about 500 ft. from the track. - Then, after the caving had 1 continued _ 
go as to form a “point” in the “bend” > at Dike 2, one or two additional ew 
dikes could be built each year, as the scour ing progressed up stream, the - En: eet 
net 1 result being that new work would occupy the position of | greatest — Pa 
attack as it neni up stream, and that the * ‘false point” would tend to — - 
deflect the main river below the s ame so as to relieve the lower and 
older dikes. In fact, it is highly probable that it would deflect it 
to cause the sand bar to scour off to such an extent that the river 1 w ould” 


“give: no w Dike 8, and that by t the time 2 to 8 


er. 
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ISCUSSION ON RIV ER PROTECTION WwW oRK 
Mr. Miller. of the “bend,” as now protected, is that which 
“obtains i in this ue _ of the river, and it is quite likely to remain so for 
“many years; which means that all these dikes must be ‘maintained 
continuously, also that the tendency of the river will be to cave in 
gradually and straighten out below Dike 8, thus necessitating addi- 
tional work to protect that part of the railway track, 
If the plan to stop the > upper end of the work with Dike 2 had been 
prety this dike, being | in a very exposed position, would | no doubt: 
_have been damaged | considerably and possibly cut down entirely; how-_ 
ever, it would have been much reinforced on account of its exposed 
‘Position, and i in all probability would not have been entirely lost. In 
any event, the track could not possibly have been reached, the desired | 
“point? ’ would have been formed, and the conditions for this particular 
a ‘ease much improved. It is the almost positive | assurance of | a loss 
of some extent, when the head of the protection work is left within the 
— limits of active caving, which is objected to so strongly by many, and 
‘- the reason for extending the work to a point above the caving, as 


«AB is hardly safe to depend on initiiaidit noted o on ‘the north bank 
. 0 the u upper end of the large bar at the point marked “vertical bank” 
. ia rs on Fig. 1 , nor to assume that eventually it will extend down so as to 
ae bring the river below the dikes, thus obviating the necessity of main- 
taining them, because this would be a very unusual “ene for this 
eaving to progre ess. . Had Fig. 1 been extended to s w the “bend” 
this is s quite likely it have a greater 
“vertical bank,” 
tending to teow the impact ‘river away from 
“vertical bank,” and also tending to keep the river directed toward 
the upper dikes in the ‘protection system. 
On the other hand, if this unusual state. or condition | did oceu occur, it 
- would be one under which the dike system would be extremely hard to 
maintain, ‘the one. ‘under which the continuous system of revetment 
or protection would b be the most economical i in the first place, because _ 
it would be necessary no doubt to place continuous p: protection | between 
a “the dikes as s they came within the line « of almost perpendicular attack. 
The dike does not give the same security, in fact, as the 
continuous system, and where the bank i is as near the railway as is the 
= in the vicinity - of Dikes 6 and 7, careful and ‘constant watching 
will always be necessary during « each flood period. 
: vw With the entire “bend” ' ‘protected as it is now, no marked relief ¢ can 
be expected. In this case, , however, the top bank is composed i in large 
part of a hard clay, ‘and, therefore, the progress of any caving which 
may develop when the river is high will necessarily be quite : slow. — ~~. 


_ One reason for using the dike system is its economy as = 


the continuous: system, brought about chiefly heeause the dikes 


4 
4 
: 
g 
A 
| 


deflect the ead so that part of the bank needs no protection an 
can be brought about when adv ivantage can b 
taken of a “point” in a “bend” so that it can be held as an enormo 

‘Lahmer describes the use of large’ of 


fascines temporary protection against the rapid erosion ‘before 
the general work was started, and again to stop the caving just below _ 


‘Dike 5 during the flood which took place after its completion. It i is for am 
- emergency cases that these large fascines are especially — 


writer having on seve occasions successfully very pid 


“Any v ariety of brush and ‘poles can be and the size may 


“quite variable; if he brush contains no leaves and small branches, 


then weeds, hay, or straw must be : used to form tight sides and parti- 
tions. J It is also possible to use sawed lumber instead of brush and 


poles. Telegraph wire “may be used to. bind the bundles or r fascines 
together, and several wires ean be twisted together to form ¢ cables 
strands for anchoring the fascines to the bank. Some | spikes can 
to advantage also. In cases where the river does not carry much 
sediment, | and, in any ev ent, it is well to have some empty sacks to be 
filled vith soil and within the them to sink 
All or an usually be obtained 
readily and rushed to the point: of a work train. Large 
of laborers can build one or more fascines simultaneously, and_ 
roll them into the as fast as they are constructed. stage of 


which the are to bells, is s large enough. 


mon ‘Iti Is earnestly that ‘Mr. r, Lahmer w will present showing 
cost of maintenance. 
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